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	Supplementary Table 1. The PRIOR checklist for reporting overviews of reviews

	Section
Topic 
	#
	Item 
	Location
Reported 

	TITLE 
	

	Title 
	1
	Identify the report as an overview of reviews. 
	1

	ABSTRACT 
	

	Abstract
	2
	Provide a comprehensive and accurate summary of the purpose, methods, and results of the overview of reviews. 
	2

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for conducting the overview of reviews in the context of existing knowledge. 
	3, 4

	Objectives 
	4
	Provide an explicit statement of the objective(s) or question(s) addressed by the overview of reviews. 
	4

	METHODS 
	

	Eligibility criteria 
	5a
	Specify the inclusion and exclusion criteria for the overview of reviews. If supplemental primary studies were included, this should be stated, with a rationale. 
	6

	
	5b
	Specify the definition of ‘systematic review’ as used in the inclusion criteria for the overview of reviews.
	6

	Information sources
	6
	Specify all databases, registers, websites, organizations, reference lists, and other sources searched or consulted to identify systematic reviews and supplemental primary studies (if included). Specify the date when each source was last searched or consulted. 
	5

	Search strategy
	7
	Present the full search strategies for all databases, registers and websites, such that they could be reproduced. Describe any search filters and limits applied. 
	Supplementary Table 3

	Selection process
	8a
	Describe the methods used to decide whether a systematic review or supplemental primary study (if included) met the inclusion criteria of the overview of reviews. 
	6

	
	8b
	Describe how overlap in the populations, interventions, comparators, and/or outcomes of systematic reviews was identified and managed during study selection.
	6

	Data collection
process
	9a
	Describe the methods used to collect data from reports.
	7

	
	9b
	If applicable, describe the methods used to identify and manage primary study overlap at the level of the comparison and outcome during data collection. For each outcome, specify the method used to illustrate and/or quantify the degree of primary study overlap across systematic reviews.
	6, 7

	
	9c
	If applicable, specify the methods used to manage discrepant data across systematic reviews during data collection.
	6, 7

	Data items
	10
	List and define all variables and outcomes for which data were sought. Describe any assumptions made and/or measures taken to identify and clarify missing or unclear information. 
	7

	Risk of bias assessment
	11a
	Describe the methods used to assess risk of bias or methodological quality of the included systematic reviews.
	7

	
	11b
	Describe the methods used to collect data on (from the systematic reviews) and/or assess the risk of bias of the primary studies included in the systematic reviews. Provide a justification for instances where flawed, incomplete, or missing assessments are identified but not re-assessed.
	7

	
	11c
	Describe the methods used to assess the risk of bias of supplemental primary studies (if included).
	7

	Synthesis methods
	12a
	Describe the methods used to summarize or synthesize results and provide a rationale for the choice(s).
	7-9

	
	12b
	Describe any methods used to explore possible causes of heterogeneity among results.
	8

	
	12c
	Describe any sensitivity analyses conducted to assess the robustness of the synthesized results.
	8

	Reporting bias assessment
	13
	Describe the methods used to collect data on (from the systematic reviews) and/or assess the risk of bias due to missing results in a summary or synthesis (arising from reporting biases at the levels of the systematic reviews, primary studies, and supplemental primary studies, if included). 
	6, 7

	Certainty assessment
	14
	Describe the methods used to collect data on (from the systematic reviews) and/or assess certainty (or confidence) in the body of evidence for an outcome. 
	9

	RESULTS 
	
	
	

	Systematic review
and supplemental
primary study
selection 
	15a
	Describe the results of the search and selection process, including the number of records screened, assessed for eligibility, and included in the overview of reviews, ideally with a flow diagram.
	10

	
	15b
	Provide a list of studies that might appear to meet the inclusion criteria, but were excluded, with the main reason for exclusion.
	Figure 1

	Characteristics of systematic reviews and supplemental primary studies
	16
	Cite each included systematic review and supplemental primary study (if included) and present its characteristics. 
	Table 1 and Supplementary Table 8-10

	Primary study overlap
	17
	Describe the extent of primary study overlap across the included systematic reviews. 
	Not applicable

	Risk of bias in systematic reviews, primary studies, and supplemental primary studies
	18a
	Present assessments of risk of bias or methodological quality for each included systematic review. 
	17

	
	18b
	Present assessments (collected from systematic reviews or assessed anew) of the risk of bias of the primary studies included in the systematic reviews.
	17

	
	18c
	Present assessments of the risk of bias of supplemental primary studies (if included).
	17

	Summary or synthesis of results
	19a
	For all outcomes, summarize the evidence from the systematic reviews and supplemental primary studies (if included). If meta-analyses were done, present for each the summary estimate and its precision and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 
	11-14

	
	19b
	If meta-analyses were done, present results of all investigations of possible causes of heterogeneity.
	14, 15

	
	19c
	If meta-analyses were done, present results of all sensitivity analyses conducted to assess the robustness of synthesized results.
	14, 15

	Reporting biases
	20
	Present assessments (collected from systematic reviews and/or assessed anew) of the risk of bias due to missing primary studies, analyses, or results in a summary or synthesis (arising from reporting biases at the levels of the systematic reviews, primary studies, and supplemental primary studies, if included) for each summary or synthesis assessed. 
	17

	Certainty of evidence 
	21
	Present assessments (collected or assessed anew) of certainty (or confidence) in the body of evidence for each outcome. 
	17, 18

	DISCUSSION 
	
	
	

	Discussion
	22a
	Summarize the main findings, including any discrepancies in findings across the included systematic reviews and supplemental primary studies (if included).
	18, 19

	
	22b
	Provide a general interpretation of the results in the context of other evidence.
	19-23

	
	22c
	Discuss any limitations of the evidence from systematic reviews, their primary studies, and supplemental primary studies (if included) included in the overview of reviews. Discuss any limitations of the overview of reviews methods used.
	24

	
	22d
	Discuss implications for practice, policy, and future research (both systematic reviews and primary research). Consider the relevance of the findings to the end users of the overview of reviews, e.g., healthcare providers, policymakers, patients, among others.
	24

	OTHER INFORMATION
	
	
	

	Registration and protocol
	23a
	Provide registration information for the overview of reviews, including register name and registration number, or state that the overview of reviews was not registered.
	5

	
	23b
	Indicate where the overview of reviews protocol can be accessed, or state that a protocol was not prepared.
	5

	
	23c
	Describe and explain any amendments to information provided at registration or in the protocol. Indicate the stage of the overview of reviews at which amendments were made.
	-

	Support
	24
	Describe sources of financial or non-financial support for the overview of reviews, and the role of the funders or sponsors in the overview of reviews.
	25

	Competing interests
	25
	Declare any competing interests of the overview of reviews' authors.
	25

	Author information
	26a
	Provide contact information for the corresponding author.
	1

	
	26b
	Describe the contributions of individual authors and identify the guarantor of the overview of reviews.
	25

	Availability of
data and other
materials
	27
	Report which of the following are available, where they can be found, and under which conditions they may be accessed: template data collection forms; data collected from included systematic reviews and supplemental primary studies; analytic code; any other materials used in the overview of reviews.
	25

	From:  Gates M, Gates A, Pieper D, et al. Reporting guideline for overviews of reviews of healthcare interventions: development of the PRIOR statement. BMJ 2022;378: e070849. doi:10.1136/bmj-2022-070849. 




	Supplementary Table 2. The PRISMA checklist for conducting meta-analysis and systematic reviews

	Section/topic 
	#
	Checklist item 
	Reported on page #

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review, meta-analysis, or both. 
	1

	ABSTRACT 
	

	Structured summary 
	2
	Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review registration number. 
	2

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for the review in the context of what is already known. 
	6, 7

	Objectives 
	4
	Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS). 
	7

	METHODS 
	

	Protocol and registration 
	5
	Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number. 
	5

	Eligibility criteria 
	6
	Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale. 
	6, 7

	Information sources 
	7
	Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched. 
	5

	Search 
	8
	Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 
	Supplementary Table 3

	Study selection 
	9
	State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis). 
	6, 7

	Data collection process 
	10
	Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators. 
	7

	Data items 
	11
	List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made. 
	7

	Risk of bias in individual studies 
	12
	Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis. 
	7

	Summary measures 
	13
	State the principal summary measures (e.g., risk ratio, difference in means). 
	7

	Synthesis of results 
	14
	Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each meta-analysis. 
	7-9

	Risk of bias across studies 
	15
	Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies). 
	8

	Additional analyses 
	16
	Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified. 
	8

	RESULTS 
	
	
	

	Study selection 
	17
	Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram. 
	10

	Study characteristics 
	18
	For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. 
	10, 11

	Risk of bias within studies 
	19
	Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 
	14

	Results of individual studies 
	20
	For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 
	Supplementary Figures 1-19

	Synthesis of results 
	21
	Present results of each meta-analysis done, including confidence intervals and measures of consistency. 
	11-14

	Risk of bias across studies 
	22
	Present results of any assessment of risk of bias across studies (see Item 15). 
	17

	Additional analysis 
	23
	Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 
	14-17

	DISCUSSION 
	
	
	

	Summary of evidence 
	24
	Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy makers). 
	18, 19

	Limitations 
	25
	Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias). 
	24

	Conclusions 
	26
	Provide a general interpretation of the results in the context of other evidence, and implications for future research. 
	24

	FUNDING 
	
	
	

	Funding 
	27
	Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review. 
	25

	[bookmark: _Hlk169183976]From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 
For more information, visit: www.prisma-statement.org. 









	Supplementary Table 3. Search strategy (PubMed) to find potential eligible studies.

	#1
	#1 hypertension[tiab] OR "Blood Pressure"[tiab] OR Pre hypertension[tiab] OR BP [tiab] OR "Systolic blood pressure"[tiab] OR SBP [tiab] OR "Diastolic blood pressure"[tiab] OR DBP [tiab] OR cardiovascular[tiab] OR hypotensive[tiab] OR "Hypertension"[Mesh] OR "Blood Pressure"[Mesh] OR "Prehypertension"[Mesh]

	#2
	#2  apolipoprotein[tiab] OR apolipoproteins[tiab] OR Apo[tiab] OR Lipoproteins[tiab] OR Lipoprotein[tiab] OR Cholesterol[tiab] OR Hyperlipidemias[tiab] OR Dyslipidemias[tiab] OR Hypercholesterolemia[tiab] OR "Total cholesterol"[tiab] OR TC[tiab] OR TG[tiab] OR Triglycerides[tiab] OR Triglyceride[tiab] OR Triacylglycerol[tiab] OR TAG[tiab] OR "lipid profile"[tiab] OR "low density lipoprotein"[tiab] OR LDL[tiab] OR "high density lipoprotein"[tiab] OR HDL[tiab] OR LDL-C[tiab] OR HDL-C[tiab] OR "blood lipids"[tiab] OR Hyperlipidemia[tiab] OR Hyperlipidemic[tiab] OR Dyslipidemia[tiab] OR Dyslipidemic[tiab] OR Hypercholesterolaemia[tiab] OR Hypercholesterolemic[tiab] OR hypercholesterolaemic[tiab] OR "Apolipoprotein A-I"[Mesh] OR "Apolipoproteins"[Mesh] OR "Apolipoprotein B-100"[Mesh] OR "Apolipoproteins B"[Mesh] OR "Apolipoproteins C"[Mesh] OR "Apolipoprotein B-48"[Mesh] OR "Apolipoprotein A-II"[Mesh] OR "Triglycerides"[Mesh] OR "Abetalipoproteinemia"[Mesh] OR "Lipoproteins"[Mesh] OR "Lipoproteins, HDL3"[Mesh] OR "Lipoproteins, HDL2"[Mesh] OR "Lipoproteins, IDL"[Mesh] OR "Lipoproteins, VLDL"[Mesh] OR "Lipoproteins, LDL"[Mesh] OR "Lipoproteins, HDL"[Mesh] OR "Cholesterol"[Mesh] OR "Cholesterol, VLDL"[Mesh] OR "Cholesterol, LDL"[Mesh] OR "Cholesterol, HDL"[Mesh] OR "Hyperlipidemias"[Mesh] OR "Dyslipidemias"[Mesh] OR "Hypercholesterolemia"[Mesh]  OR "AST"[tiab] OR "Aspartate transferase"[tiab] OR "ALT"[tiab] OR "Alanine transaminase"[tiab]

	#3
	#3 "Body Weight"[tiab] OR "Quetelet Index"[tiab] OR "Body Mass Index"[tiab] OR BMI[tiab] OR "Weight Loss"[tiab] OR "Weight Reduction"[tiab] OR "Weight Losses"[tiab] OR Obesity[tiab] OR "Waist Circumference"[tiab] OR overweight[tiab] OR "adipose tissue"[Tiab] OR "fat mass"[Tiab] OR adiposity[tiab] OR "Body Fat"[tiab] OR "Abdominal Fat"[tiab] OR "Body Weight"[Mesh] OR "Body Weight Changes"[Mesh] OR "Body Mass Index"[Mesh] OR "Weight Loss"[Mesh] OR Obesity[Mesh] OR "Waist Circumference"[Mesh] OR "Obesity, Abdominal"[Mesh] OR "Adipose Tissue"[Mesh] OR "Abdominal Fat"[Mesh]

	#4
	#4 "Inflammation" [tiab] OR Cytokine[tiab] OR Cytokines[tiab] OR interleukin[tiab] OR interleukins[tiab] OR IL[tiab] OR Inflammation[tiab] OR inflammatory[tiab] OR "C-reactive protein"[tiab] OR CRP[tiab] OR "high‐sensitivity C‐reactive protein"[tiab] OR "high-sensitivity CRP"[tiab] OR hs-CRP[tiab] OR "tumor necrosis factor"[tiab] OR TNF[tiab] OR "tumor necrosis factor-α"[tiab] OR TNF-α[tiab] OR interleukins[tiab] OR Interleukin-1B[tiab] OR IL-1β[tiab] OR "superoxide dismutase"[tiab] OR SOD[tiab] OR Interleukin-6[tiab] OR IL-6[tiab] OR Interleukin-10[tiab] OR IL-10[tiab] OR Interleukin-8[tiab] OR IL-8[tiab] OR Adipokine[tiab] OR Adipokines[tiab] OR "Transforming growth factor beta"[tiab] OR e-selectin[tiab] OR p-selectin[tiab] OR "Inflammation"[Mesh] OR "Cytokines"[Mesh] OR "Interleukins"[Mesh] OR "C-Reactive Protein"[Mesh] OR "Tumor Necrosis Factor-alpha"[Mesh] OR "Adipokines"[Mesh] OR "Interleukin-1beta"[Mesh] OR "Superoxide Dismutase"[Mesh] OR "Interleukin-6"[Mesh] OR "Interleukin-10"[Mesh] OR "Interleukin-8"[Mesh] OR "Transforming Growth Factor beta"[Mesh] OR "E-Selectin"[Mesh] OR "P-Selectin"[Mesh] OR “Oxidative Stress" [tiab] OR Oxidative[tiab] OR "nitric oxide"[tiab] OR NO[tiab] OR "total antioxidant capacity"[tiab] OR TAC[tiab] OR "total antioxidant status"[tiab] OR TAS[tiab] OR "protein carbonyl"[tiab] OR glutathione[tiab] OR GSH[tiab] OR malondialdehyde[tiab] OR MDA[tiab] OR "Superoxide dismutase"[tiab] OR SOD[tiab] OR catalase[tiab] OR CAT[tiab] OR "glutathione peroxidase"[tiab] OR GPx[tiab] OR "Oxidative Stress"[Mesh] OR "Nitric Oxide"[Mesh] OR "Protein Carbonylation"[Mesh] OR "Glutathione"[Mesh] OR "Glutathione Peroxidase"[Mesh] OR "Malondialdehyde"[Mesh] OR "Superoxide Dismutase"[Mesh] OR "Superoxide Dismutase-1"[Mesh] OR "Catalase"[Mesh]

	#5
	Insulin[Mesh] OR insulin OR "serum insulin" OR "Blood Glucose" OR "blood glucose" [Mesh] OR "Hb A1c" OR "Hemoglobin A, Glycosylated"[Mesh] OR Glucose [tiab] OR"Glucose Homeostasis"[tiab] OR "Fasting Blood Sugar"[tiab] OR FBS[tiab] OR "Fasting Plasma glucose"[tiab] OR FPG[tiab] OR Insulin [tiab]

	#6
	#6 (#1 OR #2 OR #3 OR #4 OR #5)

	#7
	#7 "Honey"[MeSH Terms] OR "Propolis"[MeSH Terms] OR "Propolis"[Title/Abstract] OR "Bee Bread"[Title/Abstract] OR "bread bee"[Title/Abstract] OR "Bee Glue"[Title/Abstract] OR "Honey"[Title/Abstract] OR "Honeys"[Title/Abstract] OR "Honey bee"[Title/Abstract] OR "Royal jelly"[Title/Abstract]

	#8
	#8 "meta-analysis" [tiab] OR "meta-analyses" [tiab] OR "meta analysis" [tiab] OR "meta analyses" [tiab] OR "meta-analyze" [tiab] OR "metaanalysis" [tiab] OR "Meta-Analysis" [Publication Type] OR "systematic review" [tiab]

	#9
	#9 randomized controlled trial [mesh] OR controlled clinical trial [mesh] OR randomized [tiab] OR placebo [tiab] OR clinical trials as topic [mesh] OR randomly [tiab] OR trial [ti]

	#10
	#10 (#6 AND #7 AND #8)

	#11
	#11 (#6 AND #7 AND #9)


























	Supplementary Table 4. Minimal clinically important difference (MCID) regarding specified outcomes1.

	Variable (ref)
	MCID (unit)

	Body weight (1)
	2.5 kg

	Body mass index (1)
	0.95 kg/m2

	Body fat percentage (2)
	2%

	Systolic blood pressure (3)
	2 mmHg

	Diastolic blood pressure (3)
	2 mmHg

	Fasting insulin (3) 
	5 pmol/L

	Fasting plasma glucose (3)
	1.6 (mmol/L)

	Hemoglobin A1c (HbA1c) (3)
	0.5%

	Low-density lipoprotein cholesterol (3)
	0.1 mmol/L (3.87 mg/dL)

	High-density lipoprotein cholesterol (3)
	0.1 mmol/L (3.87 mg/dL)

	Triglycerides (3)
	0.09 mmol/L (7.97 mg/dL)

	Homeostasis model assessment of insulin resistance (3)
	0.05

	Alanine aminotransferase (ALT) (4)
	7.21 U/L

	Aspartate aminotransferase (AST) (4)
	4.58 U/L

	Interleukin 6 (IL-6) (4)
	4.74 pg/mL

	Tumor necrosis factor alpha (TNF-α) (4)
	6.42 pg/mL

	1 For variables related to reference number 4, due to the lack of appropriate MCID in the literature, the baseline standard deviation values ​​in the trials included in the analysis of the same variable were calculated, and half of it was considered as the MCID. Naturally, if another meta-analysis is performed, it should be recalculated according to the trials in the same meta-analysis.














	Supplementary Table 5. The main characteristics of included meta-analysis, which investigated honey supplementation's effect on cardiometabolic biomarkers.

	Outcome (unit)
	NO. primary trials
	NO. of trials from other meta-analyses
	NO. of trials from a systematic search
	Mean duration (range, week)
	Mean dose
(range, gr)

	Reference Meta-analysis

	ALP (IU/L)
	5
	0
	2
	2-24
	20-90
	Ahmed, 2024

	ALT (IU/L)
	5
	0
	1
	2-24
	20-90
	Ahmed, 2024

	AST (IU/L)
	4
	0
	1
	2-24
	20-90
	Ahmed, 2024

	BMI (Kg/m2)
	7
	0
	2
	2-24
	20-70
	Ahmed, 2024

	BW (Kg)
	9
	0
	3
	4-24
	20-70
	Ahmed, 2024

	CRP (mg/dl)
	5
	0
	1
	2-12
	20-70
	Ahmed, 2024

	DBP (mmHg)
	5
	0
	0
	2-24
	20-60
	Ahmed, 2024

	FBG (mg/dl)
	9
	0
	1
	2-24
	20-70
	Ahmed, 2024

	GGT (IU/L)
	3
	0
	1
	2-24
	20-90
	Ahmed, 2024

	HbA1C (%)
	7
	0
	1
	8-16
	5-50
	Systematic search

	HC (cm)
	0
	0
	2
	4-8
	25-50
	Ahmed, 2024

	HDL-C (mg/dl)
	18
	0
	0
	2-24
	5-70
	Ahmed, 2024

	HOMA-IR
	2
	0
	1
	2-8
	50
	Ahmed, 2024

	INS (uU/ml)
	2
	0
	1
	2-8
	50
	Ahmed, 2024

	LDL-C (mg/dl)
	18
	0
	0
	4-24
	5-70
	Ahmed, 2024

	SBP (mmHg)
	5
	0
	0
	2-24
	20-60
	Ahmed, 2024

	TBFP (%)
	2
	0
	1
	4-6
	20-70
	Ahmed, 2024

	TC (mg/dl)
	18
	0
	0
	2-24
	5-70
	Ahmed, 2024

	TG (mg/dl)
	17
	0
	0
	2-24
	5-70
	Systematic search

	WC (cm)
	0
	0
	2
	4-8
	25-50
	Systematic search

	WHR
	0
	0
	2
	4-8
	25-50
	Systematic search

	WHtR
	0
	0
	2
	4-8
	25-50
	Systematic search

	AbbreviationsALP, Alkaline Phosphatase; ALT, Alanine Transaminase; AST, Aspartate Transaminase; BMI, Body Mass Index; BW, Body Weight; CRP, C-Reactive Protein; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; GGT, Gamma-Glutamyl Transferase; HbA1C, Hemoglobin A1C; HC, Hip Circumference; HDL-C, High-Density Lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; INS, Serum Insulin; LDH, Lactate Dehydrogenase; LDL-C, Low-Density Lipoprotein Cholesterol; SBP, Systolic Blood Pressure; TBFP, Total Body Fat Percentage; TC, Total Cholesterol; TG, Triglyceride; TNF-a, WC, Waist Circumference; WHR, Waist to Hip Ratio; WHtR, Waist to Height Ratio.

	Supplementary Table 6. The main characteristics of included meta-analysis, which investigated royal jelly supplementation's effect on cardiometabolic biomarkers.

	Outcome (unit)
	NO. primary trials
	NO. of trials from other meta-analyses
	NO. of trials from a systematic search
	Mean duration (range, week)
	Mean dose
(range, mg)

	Reference Meta-analysis

	ALP (IU/L)
	1
	1
	0
	4-8
	2040-7200
	Bahari, 2023 (a)

	ALT (IU/L)
	4
	3
	0
	4-12
	200-7200
	Bahari, 2023 (a)

	AST (IU/L)
	4
	3
	0
	4-12
	500-7200
	Bahari, 2023 (a)

	BMI (Kg/m2)
	7
	0
	3
	4-24
	500-6000
	Vajdi, 2023

	BW (Kg)
	4
	3
	0
	4-12
	500-6000
	Vajdi, 2023

	CRP (mg/l)
	2
	0
	0
	4-8
	666-2040
	Vajdi, 2023

	DBP (mmHg)
	3
	0
	1
	4-24
	1200-3000
	Vajdi, 2023

	FBG (mg/dl)
	6
	5
	0
	4-8
	500-7200
	Vajdi, 2023

	GGT (IU/L)
	2
	1
	0
	4-8
	2040-7200
	Vajdi, 2023

	HbA1C (%)
	2
	2
	0
	4-8
	2040-7200
	Vajdi, 2023

	HDL-C (mg/dl)
	5
	4
	0
	4-24
	500-7200
	Vajdi, 2023

	INS (uU/ml)
	1
	1
	0
	8
	3000
	Vajdi, 2023

	LDL-C (mg/dl)
	5
	4
	0
	4-24
	500-7200
	Vajdi, 2023

	MDA (umol/l)
	1
	1
	0
	8
	3000
	Vajdi, 2023

	SBP (mmHg)
	3
	0
	1
	4-24
	1200-3000
	Vajdi, 2023

	TAC (mmol/l)
	2
	0
	1
	8
	666-3000
	Vajdi, 2023

	TBFP (%)
	3
	3
	0
	4-12
	500-6000
	Vajdi, 2023

	TC (mg/dl)
	4
	3
	0
	4-12
	500-7200
	Bahari, 2023 (b)

	TG (mg/dl)
	4
	4
	0
	4-12
	500-7200
	Bahari, 2023 (b)

	WC (cm)
	2
	0
	0
	12-24
	3000-3150
	Vajdi, 2023

	Abbreviations:    ALP, Alkaline Phosphatase; ALT, Alanine Transaminase; AST, Aspartate Transaminase; BMI, Body Mass Index; BW, Body Weight; CRP, C-Reactive Protein; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; GGT, Gamma-Glutamyl Transferase; HbA1C, Hemoglobin A1C; HDL-C, High-Density Lipoprotein Cholesterol; INS, Serum Insulin; LDH, Lactate Dehydrogenase; LDL-C, Low-Density Lipoprotein Cholesterol; MDA, Malondialdehyde; SBP, Systolic Blood Pressure; TAC, Total Antioxidant Capacity; TBFP, Total Body Fat Percentage; TC, Total Cholesterol; TG, Triglyceride; WC, Waist Circumference.






	Supplementary Table 7. The main characteristics of included meta-analysis, which investigated propolis supplementation's effect on cardiometabolic biomarkers.

	Outcome (unit)
	NO. primary trials
	NO. of trials from other meta-analyses
	NO. of trials from a systematic search
	Mean duration (range, week)
	Mean dose
(range, mg)

	Reference Meta-analysis

	2hPG (mg/dl)
	3
	0
	1
	8-12
	600-1500
	Hallajzadeh, 2021

	ALP (IU/L)
	1
	1
	0
	12-16
	500-1000
	Hallajzadeh, 2021

	ALT (IU/L)
	5
	3
	2
	8-96
	500-1500
	Hallajzadeh, 2021

	AST (IU/L)
	5
	3
	2
	8-96
	500-1500
	Hallajzadeh, 2021

	AST/ALT ratio
	2
	0
	1
	8-12
	510-1500
	Ahmed, 2024

	BMI (Kg/m2)
	6
	4
	7
	6-12
	454-1500
	Hallajzadeh, 2021

	BW (Kg)
	6
	6
	7
	4-12
	500-1500
	Hallajzadeh, 2021

	CRP (mg/l)
	3
	4
	3
	1-12
	150-1500
	Hallajzadeh, 2021

	DBP (mmHg)
	2
	2
	3
	12-48
	250-600
	Ahmed, 2024

	FBG (mg/dl)
	10
	5
	4
	8-24
	227-1500
	Hallajzadeh, 2021

	FFM (Kg)
	1
	0
	2
	4-16
	454-900
	Ahmed, 2024

	FM (Kg)
	1
	0
	2
	4-16
	454-900
	Ahmed, 2024

	GGT (IU/L)
	2
	2
	2
	8-96
	500-830
	Hallajzadeh, 2021

	GSH (gr/l)
	2
	0
	1
	4-18
	900
	Hallajzadeh, 2021

	GSHPx (IU/L)
	2
	0
	0
	18
	900
	Hallajzadeh, 2021

	HbA1C (%)
	9
	1
	2
	8-24
	227-1500
	Hallajzadeh, 2021

	HC (cm)
	3
	0
	1
	8-12
	500-150
	Ahmed, 2024

	HDL-C (mg/dl)
	6
	4
	5
	8-24
	227-1500
	Ahmed, 2024

	HOMA-IR
	5
	5
	2
	8-16
	227-1500
	Hallajzadeh, 2021

	IL-10 (pg/ml)
	2
	1
	3
	4-96
	400-900
	Hallajzadeh, 2021

	IL-1b (pg/ml)
	1
	1
	1
	12-96
	500-830
	Hallajzadeh, 2021

	IL-6 (pg/ml)
	4
	2
	3
	1.5-96
	138-500
	Hallajzadeh, 2021

	INS (uU/ml)
	7
	6
	2
	8-18
	227-1500
	Hallajzadeh, 2021

	LDL-C (mg/dl)
	5
	4
	5
	8-24
	227-1500
	Ahmed, 2024

	LDL-C/HDL-C ratio
	2
	0
	1
	12
	340-500
	Ahmed, 2024

	MCP-1 (pg/ml)
	1
	1
	1
	8-48
	340-500
	Hallajzadeh, 2021

	MDA (umol/l)
	3
	2
	2
	4-18
	900-1500
	Hallajzadeh, 2021

	PAB (HK)
	2
	0
	1
	1.5-12
	250-100
	Nazari bonab, 2023

	QUICKI
	2
	1
	2
	8-16
	250-1500
	Ahmed, 2024

	SBP (mmHg)
	2
	2
	3
	12-48
	250-600
	Ahmed, 2024

	SOD (IU/ml)
	2
	0
	1
	12-18
	454-900
	Hallajzadeh, 2021

	TAC (mmol/l)
	2
	1
	2
	4-12
	900-1500
	Hallajzadeh, 2021

	TBFP (%)
	-
	-
	3
	12
	454-1225
	Systemic search

	TC (mg/dl)
	6
	4
	5
	8-24
	227-1500
	Ahmed, 2024

	TC/HDL-C ratio
	2
	0
	1
	12
	340-500
	Ahmed, 2024

	TG (mg/dl)
	5
	3
	4
	8-12
	500-1500
	Ahmed, 2024

	TNF-a (pg/ml)
	6
	2
	4
	6-96
	227-1500
	Hallajzadeh, 2021

	VLDL-C (mg/dl)
	2
	0
	1
	12
	600-1000
	Hallajzadeh, 2021

	WC (cm)
	4
	2
	4
	6-12
	500-1500
	Ahmed, 2024

	WHR
	2
	0
	0
	8-12
	510-1500
	Ahmed, 2024

	WHtR
	4
	0
	0
	8
	510-1500
	Ahmed, 2024

	Abbreviations:    2hPG, Two-Hour Postprandial Glucose; ALP, Alkaline Phosphatase; ALT, Alanine Transaminase; AST, Aspartate Transaminase; BMI, Body Mass Index; BW, Body Weight; CRP, C-Reactive Protein; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; FFM, Fat-Free Mass; FM, Fat Mass; GGT, Gamma-Glutamyl Transferase; GSH, Glutathione; GSHPx, Glutathione Peroxidase; HbA1C, Hemoglobin A1C; HC, Hip Circumference; HDL-C, High-Density Lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; HK, Hamidi-Koliakos Arbitrary Unit;  IL-10, Interleukin-10; IL-1b, Interleukin-1b; IL-6, Interleukin-6; INS, Serum Insulin; LDL-C, Low-Density Lipoprotein Cholesterol; MCP-1, Monocyte Chemotactic Protein 1; MDA, Malondialdehyde;  PAB, Pro-oxidant–Antioxidant Balance; QUICKI, Quantitative Insulin Sensitivity Check Index; SBP, Systolic Blood Pressure; SOD, Super Oxid Dismutase; TAC, Total Antioxidant Capacity; TBFP, Total Body Fat Percentage; TC, Total Cholesterol; TG, Triglyceride; TNF-a, Tumor Necrosis Factor-alpha; VLDL-C, Very Low-density Lipoprotein-Cholesterol; WC, Waist Circumference; WHR, Waist to Hip Ratio; WHtR, Waist to Height Ratio.



	[bookmark: _Hlk179720792]Supplementary Table 8. Basic characteristics of the included randomized controlled trials investigating the effects of honey supplementation on cardiometabolic biomarkers.

	Trials
	Participant’s health status
	% of Female
	Country
	Outcome
	Follow-up duration (week)
	Type of intervention in target/control group
	TDD (gr)
	RCT design
	Total SS
	Risk of bias
	Related Meta-analyze

	Al-Tamimi, 2019 (5)
	Healthy
	43.24
	USA
	TC, LDL-C, HDL-C
	4
	Honey/Sucrose
	84
	CO
	74
	SC
	Ahmed, 2024

	Bahrami, 2009 (6)
	T2DM
	72.91
	Iran
	BW, FBG, HbA1C, TC, TG, LDL-C, HDL-C, AST, ALT
	8
	Honey/No intervention
	175
	P
	48
	SC
	Ahmed, 2024

	Enginyurt (a), 2017 (7)
	T2DM
	50
	Turkey
	HbA1C, TC, TG, LDL-C, HDL-C
	16
	Honey/No intervention
	5
	P
	16
	SC
	Ahmed, 2024

	Enginyurt (b), 2017 (7)
	T2DM
	50
	Turkey
	HbA1C, TC, TG, LDL-C, HDL-C
	16
	Honey/No intervention
	15
	P
	16
	SC
	Ahmed, 2024

	Enginyurt (c), 2017 (7)
	T2DM
	50
	Turkey
	HbA1C, TC, TG, LDL-C, HDL-C
	16
	Honey/No intervention
	25
	P
	16
	SC
	Ahmed, 2024

	Enginyurt (d), 2017 (7)
	Healthy
	50
	Turkey
	HbA1C, TC, TG, LDL-C, HDL-C
	16
	Honey/No intervention
	5
	P
	16
	SC
	Ahmed, 2024

	Enginyurt (e), 2017 (7)
	Healthy
	50
	Turkey
	HbA1C, TC, TG, LDL-C, HDL-C
	16
	Honey/No intervention
	15
	P
	16
	SC
	Ahmed, 2024

	Enginyurt (f), 2017 (7)
	Healthy
	50
	Turkey
	HbA1C, TC, TG, LDL-C, HDL-C
	16
	Honey/No intervention
	25
	P
	16
	SC
	Ahmed, 2024

	Ghazali, 2017 (8)
	Chronic smokers
	NM
	Malaysia
	hsCRP
	12
	Tualang Honey/No intervention
	20
	OL
	64
	SC
	Ahmed, 2024

	Majid, 2013 (9)
	Healthy
	0
	Pakistan
	FBG, TC, TG, LDL-C, HDL-C
	4
	Honey/No intervention
	70
	P
	63
	SC
	Ahmed, 2024

	Mu¨nstedt, 2009 (10)
	Hypercholesterolemic individuals
	56.66
	Germany
	TC, TG, LDL-C, HDL-C
	2
	Honey/Honey-comparable suger solution
	75
	P
	60
	SC
	Ahmed, 2024

	Raatz (a), 2015 (11)
	Glucose-Tolerant Individuals
	60.71
	USA
	SBP, DBP, BW, BMI, FBG, INS, HOMA-IR, TC, TG, LDL-C, HDL-C, hsCRP
	2
	Honey/Sucrose
	50
	CO
	56
	SC
	Ahmed, 2024

	Raatz (b), 2015 (11)
	Glucose-in Tolerant Individuals
	81.48
	USA
	SBP, DBP, BW, BMI, FBG, INS, HOMA-IR, TC, TG, LDL-C, HDL-C, hsCRP
	2
	Honey/Sucrose
	50
	CO
	54
	SC
	Ahmed, 2024

	Rasad, 2018 (12)
	Healthy
	0
	Iran
	BW, BMI, TC, TG, LDL-C, HDL-C
	6
	Honey/Sucrose
	70
	DB
	60
	L
	Ahmed, 2024

	Sadeghi, 2019 (13)
	T2DM
	47.61
	Iran
	TC, TG, LDL-C, HDL-C, hsCRP
	8
	Honey + weight maintenance diet/Weight maintenance diet
	50
	CO
	43
	SC
	Ahmed, 2024

	Sadeghi, 2019-2 (14)
	T2DM
	47.61
	Iran
	BW, BMI, WC, HC, WHtR, WHR, FBG, INS, HbA1C, HOMA-IR,
	8
	Honey + weight maintenance diet/Weight maintenance diet
	50
	CO
	42
	SC
	Systematic search

	Salazar, 2022 (15)
	Healthy
	61.53
	Mexico
	BW, BMI, TBFP, WC, HC, WHtR, WHR
	4
	Avocado Honey/No intervention
	25
	CO
	13
	SC
	Systematic search

	Sidabutar, 2021 (16)
	Invasive ductal breast cancer patients
	100
	Indonesia
	AST, ALT, ALP, GGT
	2
	Honey + chemotherapy/Chemotherapy
	90
	DB
	36
	L
	Systematic search

	Tang (a), 2020 (17)
	HIV-infected Patients
	14.7
	Malaysia
	SBP, DBP, BW, BMI, FBG, TC, TG, LDL-C, HDL-C, AST, ALT, ALP, GGT
	24
	Tualang Honey/No intervention
	40
	OL
	47
	SC
	Ahmed, 2036

	Tang (b), 2020 (17)
	HIV-infected Patients
	14.7
	Malaysia
	SBP, DBP, BW, BMI, FBG, TC, TG, LDL-C, HDL-C, AST, ALT, ALP, GGT
	24
	Tualang Honey/No intervention
	20
	OL
	49
	SC
	Ahmed, 2036

	Tang (c), 2020 (17)
	HIV-infected Patients
	14.7
	Malaysia
	SBP, DBP, BW, BMI, FBG, TC, TG, LDL-C, HDL-C, AST, ALT, ALP, GGT
	24
	Tualang Honey/No intervention
	60
	OL
	45
	SC
	Ahmed, 2036

	Yaghoobi, 2008 (18)
	Overweight or obese subjects
	56.36
	Iran
	BW, BMI, TBFP, FBG, TC, TG, LDL-C, HDL-C, hsCRP
	4
	Honey/Sucrose
	70
	P
	55
	
	Ahmed, 2036

	Zakaria, 2018 (19)
	Postmenopausal breast cancer patients
	100
	Malaysia
	FBG, ALT, ALP, hsCRP
	12
	Honey/No intervention
	20
	P
	72
	SC
	Ahmed, 2036

	Zuhri, 2020 (20)
	Healthy
	0
	Malaysia
	BW, TBFP, ALP
	6
	Tualang Honey/No intervention
	20
	P
	20
	SC
	Systematic search

	Abbreviations: ALP, Alkaline Phosphatase; ALT, Alanine Transaminase; AST, Aspartate Transaminase; BMI, Body Mass Index; BW, Body Weight; CO, Cross-Over; DB, Double-Blind; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; GGT, Gamma-Glutamyl Transferase; H, High; HbA1C, Hemoglobin A1C; HC, Hip Circumference; HDL-C, High-Density Lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; hs-CRP, High-Sensitive C-Reactive Protein; INS, Serum Insulin;L, Low; LDL-C, Low-Density Lipoprotein Cholesterol; OL, Open Labeled; P, Parallel; SBP, Systolic Blood Pressure; SC, Some Concern; SS, ample Size; T2DM, Type 2 Diabetes Mellitus; TBFP, Total Body Fat Percentage; TC, Total Cholesterol; TG, Triglyceride; WC, Waist Circumference; WHR, Waist to Hip Ratio; WHtR, Waist to Height Ratio.




	Supplementary Table 9. Basic characteristics of the included randomized controlled trials investigating the effects of royal jelly supplementation on cardiometabolic biomarkers.

	Trials
	Participant’s health status
	% of Female
	Country
	Outcome
	Follow-up duration (week)
	Type of intervention in target/control group
	TDD (mg)
	RCT design
	Total SS
	Risk of bias
	Related Meta-analyze

	Chiu, 2016 (21)
	Hypercholesterolemic individuals
	47.5
	Taiwan
	BW, TBFP, WC, TC, TG, HDL-C, AST, ALT, LDL-C
	12
	RJ/Placebo
	3150
	SB
	37
	SC
	Vajdi, 2023

	Fujisue, 2022 (22)
	Healthy
	47.72
	Japan
	SBP, DBP, BMI, FBG, HbA1C, TG, HDL-C, AST, ALT, ALP, GGT, CRP, LDL-C
	4
	RJ/Placebo
	2040
	DB
	88
	L
	Vajdi, 2024

	Guo, 2007 (23)
	Healthy
	26.66
	Japan
	BW, BMI, TBFP, FBG, TC, TG, HDL-C, AST, ALT, GGT, LDL-C
	4
	RJ/No intervention
	6000
	P
	15
	H
	Vajdi, 2025

	Inoue, 2016 (24)
	Dry eye individuals
	41.9
	Japan
	FBG, HbA1C, TC, TG, HDL-C, AST, ALT, ALP, GGT, LDL-C
	8
	RJ/Placebo
	7200
	DB
	41
	L
	Bahari, 2023

	Khoshpey, 2016 (25)
	T2DM
	52.17
	Iran
	BW, BMI, FBG
	8
	RJ/Placebo
	3000
	DB
	46
	L
	Vajdi, 2025

	Morita, 2012 (26)
	Healthy
	44.64
	Japan
	SBP, DBP, BMI, WC, HDL-C, LDL-C
	24
	RJ/Placebo
	3000
	DB
	56
	SC
	Vajdi, 2025

	Mousavi, 2017 (27)
	T2DM
	54.34
	Iran
	SBP, DBP, FBG, HbA1C
	8
	RJ/Placebo
	3000
	DB
	46
	L
	Vajdi, 2025

	Okamoto, 2023 (28)
	Healthy
	79.06
	Japan
	SBP, DBP
	4
	RJ/Placebo
	1200
	DB
	86
	L
	Systematic search

	Petelin, 2019  (29)
	Overweight subjects
	61.66
	Slovenia
	BMI, TBFP, FBG, TC, TG, HDL-C, VRP, TAC, LDL-C
	8
	RJ/Placebo
	666
	DB
	60
	SC
	Vajdi, 2025

	Pourmoradian, 2012 (30)
	Overweight subjects
	100
	Iran
	BW, BMI
	8
	RJ/Placebo
	1000
	DB
	45
	SC
	Vajdi, 2025

	Pourmoradian, 2014 (31)
	T2DM
	100
	Iran
	FBG, INS, HbA1C, TAC, MDA
	8
	RJ/Placebo
	3000
	DB
	41
	SC
	Bahari, 2023

	Saritas (a), 2011 (32)
	Athelets
	0
	Turkey
	BW, BMI, TBFP, FBG, TC, TG, HDL-C, AST, ALT, LDL-C
	4
	RJ/Placebo
	500
	P
	20
	SC
	Bahari, 2023

	Saritas (b), 2011 (32)
	Athelets
	0
	Turkey
	BW, BMI, TBFP, FBG, TC, TG, HDL-C, AST, ALT, LDL-C
	4
	RJ/Placebo
	1000
	P
	20
	SC
	Bahari, 2023

	Saritas (c), 2011 (32)
	Athelets
	0
	Turkey
	BW, BMI, TBFP, FBG, TC, TG, HDL-C, AST, ALT, LDL-C
	4
	RJ/Placebo
	2000
	P
	20
	SC
	Bahari, 2023

	Shidfar, 2015 (33)
	T2DM
	52.17
	Iran
	BMI, FBG, INS, TAC, MDA
	8
	RJ/Placebo
	3000
	DB
	46
	L
	Vajdi, 2025

	Abbreviations: ALP, Alkaline Phosphatase; ALT, Alanine Transaminase; AST, Aspartate Transaminase; BMI, Body Mass Index; BW, Body Weight; CO, Cross-Over; CRP, C-Reactive Protein; DB, Double-Blind; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; GGT, Gamma-Glutamyl Transferase; H, High; HbA1C, Hemoglobin A1C; HC, Hip Circumference; HDL-C, High-Density Lipoprotein Cholesterol; INS, Serum Insulin; L, Low;  LDL-C, Low-Density Lipoprotein Cholesterol; ; MDA, Malondialdehide; OL, Open Labeled; P, Parallel; SB, Single-Blind; SBP, Systolic Blood Pressure; SC, Some Concern; SS, ample Size; T2DM, Type 2 Diabetes Mellitus; TBFP, Total Body Fat Percentage; TAC, Total Antioxidant Capacity; TC, Total Cholesterol; TG, Triglyceride.



	Supplementary Table 10. Basic characteristics of the included randomized controlled trials investigating the effects of propolis supplementation on cardiometabolic biomarkers.

	Trials
	Participant’s health status
	% of Female
	Country
	Outcome
	Follow-up duration (week)
	Type of intervention in target/control group
	TDD (mg)
	RCT design
	Total SS
	Risk of bias
	Related Meta-analyze

	Abbasi, 2023 (34)
	PCOS
	100
	Iran
	SBP, DBP, BW, BMI, WC, HC, WHR, FBG, INS, HOMA-IR, TC, TG, LDL-C, HDL-C, TC/HDL, LDL/HDL, CRP
	12
	Propolis Tablets/Placebo
	500
	TB
	57
	L
	Ahmed, 2024

	Afsharpour, 2017 (35)
	T2DM
	-
	Iran
	BW, BMI, FBG, 2hPG, INS, HbA1C, HOMA-IR,, AST, ALT, TNF-a, CRP, TAC
	8
	Propolis Capsules/Placebo
	1500
	DB
	60
	SC
	Hallajzadeh, 2021

	Afsharpour, 2019 (36)
	T2DM
	-
	Iran
	BW, BMI, FBG, 2hPG, INS, HbA1C, HOMA-IR,, AST, ALT, TNF-a, CRP, TAC
	8
	Propolis Capsules/Placebo
	1500
	DB
	60
	SC
	Hallajzadeh, 2021

	Anvarifard, 2023 (37)
	CKD
	31.4
	Iran
	SBP, DBP, FBG, INS, HbA1C, QUICKI, HOMA-IR, PAB
	12
	Propolis Capsules/Placebo
	250
	DB
	35
	L
	Systematic search

	Asama, 2021 (38)
	Healthy elderly
	50
	Japan
	TC, LDL-C, HDL-C, TNF-a
	24
	Propolis Capsules/Placebo
	
	DB
	68
	SC
	Systematic search

	Baptista, 2023 (39)
	CKD + dialysis
	57.8
	Brazil
	IL-6, IL-10, TNF-a
	8
	Propolis Capsules/Placebo
	400
	DB
	19
	SC
	Systematic search

	Conte, 2021 (40)
	HIV-infected
	34.5
	Brazil
	IL-1B, IL-6, IL-10, TNF-a
	12
	Propolis Capsules/Placebo
	500
	DB
	40
	SC
	Systematic search

	Darvishi, 2020 (41)
	BC patients
	100
	Iran
	IL-1B, IL-10, TNF-a, PAB
	12
	Propolis Capsules/Placebo
	500
	DB
	50
	L
	Nazari bonab, 2023

	Ebeid, 2016 (42)
	BC patients
	100
	Egypt
	TAC, MDA
	4
	Propolis Capsules/No intervention
	1200
	P
	90
	H
	Nazari bonab, 2023

	El-Sharkawy, 2016 (43)
	T2DM + Chronic periodontitis
	34
	Egypt
	FBG, HbA1C
	24
	Propolis Tablets/Placebo
	400
	DB
	50
	SC
	Hallajzadeh, 2021

	Fernandes, 2022 (44)
	Head and neck cancer patients
	25
	Brazil
	TNF-a
	6
	Propolis Suspension/Placebo
	
	DB
	60
	SC
	Systematic search

	Fukuda, 2015 (45)
	T2DM
	42.5
	Japan
	FBG, INS, HbA1C, HOMA-IR, TC, LDL-C, HDL-C, IL-6, TNF-a
	8
	Propolis Tablets/Placebo
	226.8
	DB
	80
	SC
	Hallajzadeh, 2021

	Gao, 2017 (46)
	T2DM
	65.4
	China
	FBG, INS, HbA1C, MDA, GSH, GSHPx, SOD
	18
	Propolis Capsules/No intervention
	900
	DB
	55
	H
	Hallajzadeh, 2021

	Gholaminejad, 2019 (47)
	Asthenospermia
	0
	Iran
	BW, BMI, TNF-a, TAC, MDA
	10
	Propolis Capsules/Placebo
	1500
	DB
	57
	L
	Hallajzadeh, 2021

	Hesami, 2019 (48)
	T2DM
	-
	Iran
	BW, BMI
	12
	Propolis Capsules/Placebo
	1500
	DB
	60
	L
	Systematic search

	Irandoust, 2024 (49)
	NAFLD
	54
	Iran
	BW, BMI
	8
	Propolis Tablets/No intervention
	150
	P
	16
	H
	Systematic search

	Javadi, 2018 (50)
	Asthenospermia
	0
	Iran
	TAC, MDA
	12
	Propolis Capsules/Placebo
	1500
	DB
	57
	SC
	Systematic search

	Kanazashi, 2023 (51)
	Healthy elderly
	100
	Japan
	BW, BMI, TBFP, FM, FFM, SOD
	12
	Propolis Capsules/Placebo
	454
	DB
	53
	L
	Systematic search

	Khayyal, 2003 (52)
	Asthma
	22.2
	Egypt
	IL-6, IL-10, TNF-a
	8
	Propolis Sachet/Placebo
	
	P
	45
	H
	Hallajzadeh, 2021

	Koo, 2019 (53)
	Smokers
	0
	South Korea
	FBG
	4
	Propolis Powder/Placebo
	600
	P
	20
	H
	Hallajzadeh, 2021

	Kulaksiz, 2023 (54)
	COVID-19 patients
	
	Turkey
	CRP
	1
	Propolis water extract/No intervention
	150
	P
	30
	H
	Systematic search

	Maddahi, 2023 (55)
	RA
	100
	Iran
	SBP, DBP, TC, TG, LDL-C, HDL-C, TC/HDL-C, LDL/HDL-C, MCP-1, CRP
	12
	Propolis Capsules/Placebo
	340
	DB
	45
	L
	Systematic search

	Miryan, 2022 (56)
	IBS
	52.9
	Iran
	BW, BMI, WC
	6
	Propolis Tablets/Placebo
	900
	DB
	51
	L
	Systematic search

	Moayedi, 2023 (57)
	T2DM +  dyslipidemia
	100
	Iran
	BW, WHR, INS, HbA1C, TC, LDL-C, HDL-C, IL-6
	8
	Propolis Capsules/No intervention
	1500
	SB
	30
	L
	Ahmed, 2024

	Mujica, 2017 (58)
	Healthy individuals
	76
	Chile
	SBP, DBP, BW, BMI, WC, FBG, HbA1C, HOMA-IR, TC, TG, LDL-C, HDL-C, AST, ALT, GGT, CRP
	12
	Propolis Drops/Placebo
	
	DB
	67
	L
	Hallajzadeh, 2021

	Nikbaf-Shandiz, 2022 (59)
	Obese with NAFLD
	28
	Iran
	BW, BMI, WC, HC, WHtR, WHR, FBG, INS, QUICKI, HOMA-IR, TC, TG, HDL-C, AST, ALT, AST/ALT, GGT, MCP-1, TNF-a
	8
	Propolis Capsules/Placebo
	510
	DB
	44
	L
	Ahmed, 2024

	Ochoa-Morales, 2023 (60)
	T2DM
	45.5
	Mexico
	SBP, DBP, BW, BMI, WC, FBG, 2hPG, HbA1C, TC, TG, LDL-C, HDL-C, VLDL-C
	12
	Propolis Capsules/Placebo
	600
	DB
	24
	L
	Systematic search

	Pahlavani, 2022 (61)
	Patients with Primary Pneumosepsis
	51.8
	Iran
	IL-6, CRP, MDA, PAB
	1.5
	Propolis Syrup/Placebo
	1000
	DB
	24
	L
	Nazari bonab, 2023

	Sajjadi, 2023 (62)
	Metabolic syndrome
	91.9
	Iran
	SBP, DBP, BW, BMI, WC, FBG, INS, HOMA-IR, TC, TG, LDL-C, HDL-C, TC/HDL-C, LDL-C/HDL-C, CRP
	12
	Propolis Tablets/Placebo
	500
	DB
	62
	L
	Ahmed, 2025

	Samadi, 2017 (63)
	T2DM
	49.1
	Iran
	BW, BMI, WC, FBG, INS, HbA1C, QUICKI, TC, TG, LDL-C, HDL-C, VLDL-C
	12
	Propolis Tablets/Placebo
	900
	DB
	57
	L
	Hallajzadeh, 2022

	Sani, 2023 (64)
	Obese with insulin resistance
	88.8
	France
	BMI, TBFP, WC, TC, TG, LDL-C, HDL-C, AST, ALT, AST/ALT, GGT
	12
	Propolis Capsules/Placebo
	1225
	CO, DB
	18
	SC
	Systematic search

	Silveria, 2019 (65)
	CKD
	56.2
	Brazil
	SBP, DBP, AST, ALT, MCP-1
	48
	Propolis Tablets/Placebo
	500
	DB
	32
	L
	Hallajzadeh, 2023

	Soleimani, 2021 (66)
	NAFLD
	29.6
	Iran
	BW, FM, FFM, FBG, INS, QUICKI, HOMA-IR, TC, TG, LDL-C, HDL-C, AST, ALT, ALP, GGT, IL-, IL-, CRP, TAC, MDA, GSH
	16
	Propolis Tablets/Placebo
	500
	DB
	54
	L
	Ahmed, 2026

	Soleimani, 2020 (67)
	Healthy
	0
	Iran
	BW, FM, FFM
	4
	Propolis Tablets/Placebo
	900
	TB
	49
	L
	Systematic search

	Tascaa, 2024 (68)
	HIV patients
	35
	Brazil
	BW, BMI, TBFP, WC, HC, FBG, TC, TG, LDL-C, HDL-C, AST, ALT, GGT, CRP
	12
	Brazilian green propolis pills/Placebo
	500
	DB
	40
	L
	Systematic search

	Tutunchi, 2023 (69)
	Obese with NAFLD
	50
	Iran
	BW, BMI, WC, HC, WHtR, WHR, FBG, INS, HOMA-IR, TC, TG, LDL-C, HDL-C, AST, ALT, AST/ALT
	8
	Propolis Capsules + Dietary recommendation/Dietary recommendation
	1500
	DB
	48
	L
	Ahmed, 2027

	Yousefi, 2023 (70)
	T2DM
	-
	Iran
	FBG, INS, QUICKI, HOMA-IR
	8
	Propolis Capsules/Placebo
	1500
	DB
	60
	L
	Systematic search

	Zakerkish, 2019 (71)
	T2DM
	64.8
	Iran
	BW, BMI, FBG, 2hPG, INS, HbA1C, HOMA-IR,, AST, ALT, TNF-a, CRP, TAChBG, INS, HbA1C, HOMA-IR, TC, TG, LDL-C, HDL-C, VLDL-C, AST, ALT, ALP, IL-, TNF-a, CRP
	12
	Propolis Capsules/Placebo
	1000
	DB
	94
	L
	Hallajzadeh, 2024

	Zhao, 2016 (72)
	T2DM
	50.7
	China
	FBG, INS, HbA1C, MDA, GSH, GSHPx, SOD
	18
	Propolis Capsules/No intervention
	900
	P
	65
	H
	Hallajzadeh, 2025

	Zhu, 2018 (73)
	Healthy elderly
	55
	China
	AST, ALT, GGT, IL-B, IL-6, IL-10, TNF-a
	96
	Propolis Capsules/Placebo
	830
	DB
	60
	SC
	Hallajzadeh, 2026

	Abbreviations: 2hPG, Two-Hour Postprandial Glucose; ALP, Alkaline Phosphatase; ALT, Alanine Transaminase; AST, Aspartate Transaminase; AST/ALT, AST to ALT ratio; BC, Breast Cancer;BMI, Body Mass Index; BW, Body Weight; CKD, Chronic Kidney Disease; CO, Cross-over; CRP, C-Reactive Protein; DB, Double-Blinde; DBP, Diastolic Blood Pressure; FBG, Fasting Blood Glucose; FFM, Fat-Free Mass; FM, Fat Mass; GGT, Gamma-Glutamyl Transferase; GSH, Glutathione; GSHPx, Glutathione Peroxidase; H, High; HbA1C, Hemoglobin A1C; HC, Hip Circumference; HDL-C, High-Density Lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; IBS, Inflammatory Bowel Syndrome; IL-10, Interleukin-10; IL-1b, Interleukin-1b; IL-6, Interleukin-6; INS, Serum Insulin; L, Low; LDL-C, Low-Density Lipoprotein Cholesterol; LDL-C/HDL-C, LDL-C to HDL-C ratio; MCP-1, Monocyte Chemotactic Protein 1; MDA, Malondialdehyde;  NAFLD, Non-alcoholic Fatty Liver Disease; PAB, Pro-oxidant–Antioxidant Balance; PCOS, Polycystic Ovarian Syndrome; QUICKI, Quantitative Insulin Sensitivity Check Index; RA, Romatuid Artritis; SB, Single-Blinde; SBP, Systolic Blood Pressure; SC, Some Concern; SOD, Super Oxid Dismutase; SS, ample Size; T2DM, Type 2 Diabetes Mellitus; TAC, Total Antioxidant Capacity; TB, Triple-Blinde; TBFP, Total Body Fat Percentage; TC, Total Cholesterol; TC/HDL-C, TC to HDL-C ratio; TG, Triglyceride; TNF-a, Tumor Necrosis Factor-alpha;VLDL-C, Very Low-density Lipoprotein-Cholesterol; WC, Waist Circumference; WHR, Waist to Hip Ratio; WHtR, Waist to Height Ratio.












	
Supplementary Table 11. Effects of honey, royal jelly, and propolis on blood pressure and anthropometric indices compared to placebo.

	
	Honey
	Royal jelly
	Propolis

	SBP (n)
	5
	4
	7

	Pooled MD (95 % CI)
	4.24 (2.03, 6.45)
	-2.09 (-5.97, 1.79)
	-0.18 (-0.60, 0.24)

	Heterogeneity1 (%)
	0.00
	69.7
	2.30

	Eager2 (P-value)
	0.358
	0.812
	0.181

	GRADE
	Moderate
	Very Low
	Moderate

	DBP (n)
	5
	4
	7

	Pooled MD (95 % CI)
	1.94 (0.40, 3.48)
	-2.48 (-3.99, -0.97)
	-0.01 (-0.23, 0.22)

	Heterogeneity1 (%)
	0.00
	0.00
	0.00

	Eager2 (P-value)
	0.301
	0.282
	0.594

	GRADE
	Low
	Moderate
	Moderate

	BW (n)
	11
	7
	19

	Pooled MD (95 % CI)
	-0.19 (-0.24, -0.15)
	0.30 (-0.52, 1.11)
	-0.59 (-1.14, -0.05)

	Heterogeneity1 (%)
	0.00
	0.00
	60.6

	Eager2 (P-value)
	0.616
	0.198
	0.062

	GRADE
	Low
	Very Low
	Moderate

	BMI (n)
	9
	10
	17

	Pooled MD (95 % CI)
	-0.41 (-0.53, -0.28)
	0.07 (-0.33, 0.46)
	-0.11 (-0.13, -0.09)

	Heterogeneity1 (%)
	0.00
	58.3
	0.00

	Eager2 (P-value)
	0.027
	0.653
	0.374

	GRADE
	Very Low
	Very Low
	Low

	TBFP (n)
	3
	6
	3

	Pooled MD (95 % CI)
	-0.22 (-2.36, 1.92)
	0.09 (-1.12, 1.30)
	-1.00 (-1.38, -0.62)

	Heterogeneity1 (%)
	0.00
	0.00
	0.00

	Eager2 (P-value)
	0.918
	0.619
	0.879

	GRADE
	Low
	Very Low
	Moderate

	FM (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	-0.42 (-0.74, -0.10)

	Heterogeneity1 (%)
	-
	-
	0.00

	Eager2 (P-value)
	-
	-
	0.050

	GRADE
	-
	-
	Low

	FFM (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	-0.42 (-1.37, 0.53)

	Heterogeneity1 (%)
	-
	-
	67.7

	Eager2 (P-value)
	-
	-
	0.412

	GRADE
	-
	-
	Low

	WC (n)
	2
	2
	10

	Pooled MD (95 % CI)
	-1.09 (-4.63, 2.45)
	0.15 (-1.54, 1.85)
	-0.10 (-1.58, 1.37)

	Heterogeneity1 (%)
	0.00
	0.00
	69.3

	Eager2 (P-value)
	-
	-
	0.065

	GRADE
	Low
	Low
	Low

	HC (n)
	2
	-
	4

	Pooled MD (95 % CI)
	-0.86 (-3.51, 1.79)
	-
	-0.41 (-2.15, 1.33)

	Heterogeneity1 (%)
	0.00
	-
	27.1

	Eager2 (P-value)
	-
	-
	0.207

	GRADE
	Low
	-
	Low

	WHR (n)
	2
	-
	4

	Pooled MD (95 % CI)
	-0.01 (-0.03, 0.01)
	-
	-0.01 (-0.03, 0.01)

	Heterogeneity1 (%)
	0.00
	-
	78.8

	Eager2 (P-value)
	-
	-
	0.159

	GRADE
	Low
	-
	Low

	WHtR (n)
	2
	-
	2

	Pooled MD (95 % CI)
	0.02 (-0.08, 0.12)
	-
	-0.00 (-0.02, 0.01)

	Heterogeneity1 (%)
	57.7
	-
	0.00

	Eager2 (P-value)
	-
	-
	-

	GRADE
	Low
	-
	Very Low

	Abbreviations:  BMI, Body Mass Index; BW, Body Weight; DBP, Diastolic Blood Pressure; FM, Fat Mass; FFM, Fat-Free Mass; HC, Hip Circumference; MD, Mean Difference; SBP, Systolic Blood Pressure; TBFP, Total Body Fat Percentage; WHR, Waist to Hip Ratio; WHtR, Waist to Height Ratio; WC, Waist Circumference.

























	Supplementary Table 12. Effects of honey, royal jelly, and propolis on liver enzymes, lipid, and glycemic indices compared to placebo.

	
	Honey
	Royal jelly
	Propolis

	AST (n)
	5
	7
	10

	Pooled MD (95 % CI)
	5.05 (-5.79, 15.9)
	-0.50 (-1.63, 0.63)
	-2.21 (-3.54, -0.88)

	Heterogeneity1 (%)
	70.3
	22.7
	41.1

	Eager2 (P-value)
	0.482
	0.260
	0.402

	GRADE
	Very Low
	Very Low
	High

	ALT (n)
	6
	7
	10

	Pooled MD (95 % CI)
	-0.19 (-6.49, 6.11)
	-1.25 (-2.92, 0.42)
	-3.31 (-5.97, -0.65)

	Heterogeneity1 (%)
	77.2
	0.00
	63.5

	Eager2 (P-value)
	0.528
	0.689
	0.290

	GRADE
	Very Low
	Very Low
	High

	AST/ALT (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	-0.04 (-0.33, 0.24)

	Heterogeneity1 (%)
	-
	-
	83.5

	Eager2 (P-value)
	-
	-
	0.483

	GRADE
	-
	-
	Very Low

	ALP (n)
	6
	2
	2

	Pooled MD (95 % CI)
	3.85 (-1.75, 9.46)
	3.24 (-7.58, 14.0)
	-15.5 (-31.4, 0.38)

	Heterogeneity1 (%)
	48.8
	0.00
	0.00

	Eager2 (P-value)
	0.024
	-
	-

	GRADE
	Very Low
	Very Low
	Very Low

	GGT (n)
	4
	3
	6

	Pooled MD (95 % CI)
	5.20 (-8.61, 19.0)
	-1.12 (-3.54, 1.29)
	-1.32 (-3.85, 1.21)

	Heterogeneity1 (%)
	57.0
	0.00
	37.6

	Eager2 (P-value)
	0.045
	0.134
	0.213

	GRADE
	Very Low
	Very Low
	Low

	TC (n)
	18
	7
	15

	Pooled MD (95 % CI)
	-0.12 (-6.49, 6.26)
	-11.0 (-18.0, -3.96)
	-0.67 (-6.71, 5.38)

	Heterogeneity1 (%)
	66.7
	13.4
	82.0

	Eager2 (P-value)
	0.651
	0.036
	0.328

	GRADE
	Very Low
	Moderate
	Very Low

	TG (n)
	17
	8
	12

	Pooled MD (95 % CI)
	8.09 (1.23, 14.9)
	-5.26 (-10.3, -0.16)
	-6.32 (-12.7, 0.12)

	Heterogeneity1 (%)
	7.78
	4.40
	0.00

	Eager2 (P-value)
	0.032
	0.570
	0.598

	GRADE
	Low
	Low
	Low

	LDL-C (n)
	18
	9
	14

	Pooled MD (95 % CI)
	-1.39 (-5.42, 2.64)
	-2.50 (-6.54, 1.55)
	-4.78 (-8.86, -0.70)

	Heterogeneity1 (%)
	66.7
	22.8
	61.3

	Eager2 (P-value)
	0.459
	0.970
	0.046

	GRADE
	Vey Low
	Low
	Low

	HDL-C (n)
	18
	9
	15

	Pooled MD (95 % CI)
	0.89 (-0.11, 1.89)
	1.08 (-0.62, 2.79)
	2.00 (-0.08, 4.08)

	Heterogeneity1 (%)
	42.9
	0.00
	84.1

	Eager2 (P-value)
	0.429
	0.940
	0.011

	GRADE
	Low
	Vey Low
	Vey Low

	VLDL-C (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	-0.61 (-7.68, 6.45)

	Heterogeneity1 (%)
	-
	-
	74.8

	Eager2 (P-value)
	-
	-
	0.745

	GRADE
	-
	-
	Vey Low

	LDL-C/HDL-C (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	-0.20 (-0.36, -0.05)

	Heterogeneity1 (%)
	-
	-
	25.2

	Eager2 (P-value)
	-
	-
	0.419

	GRADE
	-
	-
	Vey Low

	TC/HDL-C (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	-0.24 (-0.46, -0.02)

	Heterogeneity1 (%)
	-
	-
	35.9

	Eager2 (P-value)
	-
	-
	0.011

	GRADE
	-
	-
	Vey Low

	FBG (n)
	10
	11
	19

	Pooled MD (95 % CI)
	-0.35 (-3.72, 3.01)
	-2.32 (-5.45, 0.81)
	-10.9 (-17.3, -4.51)

	Heterogeneity1 (%)
	60.3
	46.1
	94.4

	Eager2 (P-value)
	0.589
	0.177
	0.720

	GRADE
	Vey Low
	Low
	Moderate

	2hPG (n)
	-
	-
	4

	Pooled MD (95 % CI)
	-
	-
	-38.7 (-54.4, -29.9)

	Heterogeneity1 (%)
	-
	-
	52.5

	Eager2 (P-value)
	-
	-
	0.095

	GRADE
	-
	-
	Vey Low

	INS (n)
	3
	2
	15

	Pooled MD (95 % CI)
	-0.05 (-1.47, 1.37)
	-3.63 (-6.77, -0.49)
	-1.55 (-2.47, -0.63)

	Heterogeneity1 (%)
	0.00
	27.8
	88.4

	Eager2 (P-value)
	0.821
	-
	0.012

	GRADE
	Low
	Vey Low
	Vey Low

	HbA1C (n)
	8
	4
	12

	Pooled MD (95 % CI)
	-0.25 (-0.45, -0.05)
	-0.05 (-0.20, 0.10)
	-0.49 (-0.76, -0.21)

	Heterogeneity1 (%)
	58.6
	70.0
	85.2

	Eager2 (P-value)
	0.818
	0.018
	0.023

	GRADE
	Vey Low
	Vey Low
	Low

	QUICKI (n)
	-
	-
	5

	Pooled MD (95 % CI)
	-
	-
	0.01 (-0.01, 0.02)

	Heterogeneity1 (%)
	-
	-
	94.2

	Eager2 (P-value)
	-
	-
	0.704

	GRADE
	-
	-
	Vey Low

	HOMA-IR (n)
	3
	-
	12

	Pooled MD (95 % CI)
	-0.04 (-0.56, 0.48)
	-
	-0.66 (-0.96, -0.36)

	Heterogeneity1 (%)
	0.00
	-
	83.0

	Eager2 (P-value)
	0.767
	-
	0.045 

	GRADE
	Low
	-
	Low

	Abbreviations: 2hPG, Two-Hour Postprandial Glucose; ALT, Alanine Transaminase; ALP, Alkaline Phosphatase; AST, Aspartate Transaminase;  FBG, Fasting Blood Glucose; GGT,  Gamma-Glutamyl Transferase;  HbA1C, Hemoglobin A1C; HDL-C, High-Density Lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; INS, Serum Insulin; LDL-C, Low-Density Lipoprotein Cholesterol; MD, Mean Difference; QUICKI, Quantitative Insulin Sensitivity Check Index; TC, Total Cholesterol; TG, Triglyceride; VLDL-C, Very Low-density Lipoprotein-Cholesterol.




	
	Supplementary Table 13. Effects of honey, royal jelly, and propolis on inflammatory and oxidative stress factors compared to placebo.

	
	Honey
	Royal jelly
	Propolis

	IL-1B (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	-0.69 (-1.66, 0.28)

	Heterogeneity1 (%)
	-
	-
	97.9

	Eager2 (P-value)
	-
	-
	0.227

	GRADE
	-
	-
	Very Low

	IL-6 (n)
	-
	-
	9

	Pooled MD (95 % CI)
	-
	-
	-5.48 (-7.10, -3.86)

	Heterogeneity1 (%)
	-
	-
	98.1

	Eager2 (P-value)
	-
	-
	0.121

	GRADE
	-
	-
	Moderate

	IL-10 (n)
	-
	-
	6

	Pooled MD (95 % CI)
	-
	-
	10.0 (5.56, 14.5)

	Heterogeneity1 (%)
	-
	-
	99.1

	Eager2 (P-value)
	-
	-
	0.509

	GRADE
	-
	-
	Low

	MCP-1 (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	-44.3 (-61.4, -27.2)

	Heterogeneity1 (%)
	-
	-
	0.00

	Eager2 (P-value)
	-
	-
	0.227

	GRADE
	-
	-
	Low

	TNF-a (n)
	-
	-
	12

	Pooled MD (95 % CI)
	-
	-
	-5.29 (-7.08, -3.49)

	Heterogeneity1 (%)
	-
	-
	98.9

	Eager2 (P-value)
	-
	-
	0.035

	GRADE
	-
	-
	Very Low

	CRP (n)
	6†
	2
	12

	Pooled MD (95 % CI)
	0.26 (0.06, 0.47)
	-0.13 (-0.60, 0.34)
	-0.31 (-0.64, 0.02)

	Heterogeneity1 (%)
	92.4
	92.7
	81.5

	Eager2 (P-value)
	0.342
	-
	0.026

	GRADE
	Very Low
	Very Low
	Very Low

	TAC (n)
	-
	3
	5

	Pooled MD (95 % CI)
	-
	0.97 (0.31, 1.64)
	0.60 (0.53, 0.67)

	Heterogeneity1 (%)
	-
	94.1
	93.8

	Eager2 (P-value)
	-
	0.414
	0.057

	GRADE
	-
	Very Low
	Low

	MDA (n)
	-
	2
	7

	Pooled MD (95 % CI)
	-
	-0.79 (-1.90, 0.32)
	-0.16 (-0.29, -0.02)

	Heterogeneity1 (%)
	-
	84.5
	99.9

	Eager2 (P-value)
	-
	-
	0.717

	GRADE
	-
	Very Low
	Moderate

	PAB (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	-5.50 (-51.6, 40.6)

	Heterogeneity1 (%)
	-
	-
	46.9

	Eager2 (P-value)
	-
	-
	0.128

	GRADE
	-
	-
	Very Low

	GSH (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	1.05 (-1.08, 3.17)

	Heterogeneity1 (%)
	-
	-
	66.3

	Eager2 (P-value)
	-
	-
	0.427

	GRADE
	-
	-
	Very Low

	[bookmark: _Hlk181544051]GSHPx (n)
	-
	-
	2

	Pooled MD (95 % CI)
	-
	-
	25.6 (6.64, 44.5)

	Heterogeneity1 (%)
	-
	-
	0.00

	Eager2 (P-value)
	-
	-
	-

	GRADE
	-
	-
	Very Low

	SOD (n)
	-
	-
	3

	Pooled MD (95 % CI)
	-
	-
	5.07 (-7.43, 17.5)

	Heterogeneity1 (%)
	-
	-
	78.6

	Eager2 (P-value)
	-
	-
	0.095

	GRADE
	-
	-
	Very Low

	Abbreviations:  CRP, C-Reactive Protein; GSH, Glutathione; GSHPx, Glutathione Peroxidase; IL-10, Interleukin-10; IL-1b, Interleukin-1b; IL-6, Interleukin-6; MCP-1, Monocyte Chemotactic Protein 1;  MD, Mean Difference; MDA, Malondialdehyde;  PAB, Pro-oxidant–Antioxidant Balance; SOD, Superoxide Dismutase; TAC, Total Antioxidant Capacity; TBFP, Total Body Fat Percentage; TNF-a, Tumor Necrosis Factor-alpha.
† The presented data are related to mean±changes in serum hs-CRP levels.






















	Supplementary Table 14. Influence analysis for the effect of honey on diastolic blood pressure compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Tang (a)
	1.49
	(-0.19, 3.18)

	Tang (b)
	1.92
	(0.23, 3.61)

	Tang (c)
	2.05
	(0.37, 3.74)

	Raatz (a)
	2.36
	(0.50, 3.64)

	Raatz (b)
	1.92
	(0.20, 3.64)

	Combined  
	1.93
	(0.39, 3.48)

	

























	Supplementary Table 15. Influence analysis for the effect of honey on body weight compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Zuhri
	-0.19
	(-0.23, -0.14)

	Salazar
	-0.19
	(-0.23, -0.14)

	Sadeghi
	-0.19
	(-0.23, -0.14)

	Yaghoobi
	-0.19
	(-0.23, -0.14)

	Rasad
	-0.17
	(-1.12, 1.46)

	Tang (a)
	-0.19
	(-0.23, -0.14)

	Tang (b)
	-0.19
	(-0.23, -0.14)

	Tang (c)
	-0.19
	(-0.23, -0.14)

	Raatz (a)
	-0.19
	(-0.23, -0.14)

	Raatz (b)
	-0.19
	(-0.23, -0.14)

	Bahrami
	-0.19
	(-0.23, -0.14)

	Combined  
	-0.19
	(-0.23, -0.14)

	





















	Supplementary Table 16. Influence analysis for the effect of honey on body mass index compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Salazar
	-0.41
	(-0.53, -0.28)

	Sadeghi
	-0.40
	(-0.53, -0.28)

	Yaghoobi
	-0.40
	(-0.53, -0.27)

	Rasad
	0.03
	(-0.44, 0.52)

	Tang (a)
	-0.40
	(-0.53, -0.28)

	Tang (b)
	-0.41
	(-0.54, -0.29)

	Tang (c)
	-0.41
	(-0.54, -0.28)

	Raatz (a)
	-0.40
	(-0.53, -0.28)

	Raatz (b)
	-0.41
	(-0.53, -0.28)

	Combined  
	-0.40
	(-0.53, -0.27)

	























	Supplementary Table 17. Influence analysis for the effect of honey on high-density lipoprotein cholesterol compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Al-Tamimi
	1.03
	(0.01, 2.05)

	Bahrami
	0.75
	(-0.20, 1.71)

	Majid
	0.77
	(-0.44, 1.99)

	Mu¨nstedt
	0.91
	(-0.10, 1.94)

	Raatz (a)
	0.93
	(-0.08, 1.95)

	Raatz (b)
	0.86
	(-0.16, 1.90)

	Rasad
	0.72
	(0.14, 1.31)

	Sadeghi
	0.90
	(-0.12, 1.93)

	Tang (a)
	0.89
	(-0.21, 2.00)

	Tang (b)
	0.84
	(-0.29, 1.97)

	Tang (c)
	0.84
	(-0.27, 1.96)

	Yaghoobi
	0.90
	(-0.12, 1.93)

	Enginyurt (a)
	0.91
	(-0.10, 1.93)

	Enginyurt (b)
	0.88
	(-0.06, 1.94)

	Enginyurt (c)
	0.94
	(-0.03, 1.99)

	Enginyurt (d)
	0.98
	(-0.07, 1.95)

	Enginyurt (e)
	0.93
	(-0.05, 1.97)

	Enginyurt (f)
	0.96
	(-0.20, 1.71)

	Combined  
	-0.40
	(-0.10, 1.87)

	

















	Supplementary Table 18. Influence analysis for the effect of honey on hemoglobin A1C compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Sadeghi
	-0.28
	(-0.48, -0.08)

	Bahrami
	-0.30
	(-0.47, -0.12)

	Enginyurt (a)
	-0.22
	(-0.42, -0.01)

	Enginyurt (b)
	-0.21
	(-0.40, -0.01)

	Enginyurt (c)
	-0.21
	(-0.41, -0.01)

	Enginyurt (d)
	-0.23
	(-0.51, 0.03)

	Enginyurt (e)
	-0.27
	(-0.54, -0.01)

	Enginyurt (f)
	-0.24
	(-0.50, -0.01)

	Combined  
	-0.24
	(-0.45, -0.04)

	

























	Supplementary Table 19. Influence analysis for the effect of royal jelly on systolic blood pressure compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Fujisue
	-4.32
	(-6.96, -1.69)

	Mousavi
	-0.80
	(-5.00, 3.39)

	Morita
	-2.61
	(-7.11, 1.88)

	Okamoto
	-1.23
	(-6.15, 3.69)

	Combined  
	-2.08
	(-5.96, 1.79)

	























	Supplementary Table 20. Influence analysis for the effect of royal jelly on triglycerides compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Chiu
	-5.27
	(-10.9, 0.44)

	Fujisue
	-7.53
	(-13.2, -1.78)

	Guo
	-5.00
	(-10.6, 0.65)

	Petelin
	-4.59
	(-10.9, 1.71)

	Inoue
	-6.16
	(-11.1, -1.21)

	Saritas
	-5.03
	(-10.8, 0.76)

	Saritas
	-3.92
	(-10.1, 2.26)

	Saritas
	-3.92
	(-10.1, 2.26)

	Combined  
	-2.08
	(-10.3, -0.15)

	























	Supplementary Table 21. Influence analysis for the effect of royal jelly on low-density lipoprotein cholesterol compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Chiu
	-2.74
	(-7.35, 1.85)

	Fujisue
	-2.85
	(-7.96, 2.25)

	Guo
	-0.24
	(-3.95, 3.45)

	Morita
	-3.94
	(-7.57, -0.32)

	Petelin
	-2.37
	(-6.87, 2.11)

	Inoue
	-2.41
	(-6.96, 2.13)

	Saritas
	-2.17
	(-6.50, 2.14)

	Saritas
	-2.81
	(-7.20, 1.57)

	Saritas
	-2.56
	(-7.00, 1.57)

	Combined  
	-2.49
	(-6.54, 1.54)

	

























	Supplementary Table 22. Influence analysis for the effect of propolis on body weight compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Abbasi
	-0.61
	(-1.21, -0.01)

	Afsharpour
	-0.58
	(-1.14, -0.03)

	Afsharpour
	-0.58
	(-1.14, -0.03)

	Gholaminejad
	-0.58
	(-1.13, -0.03)

	Hesami
	-0.58
	(-1.14, -0.03)

	Irandoust
	-0.61
	(-1.16, -0.05)

	Kanazashi
	-0.71
	(-1.40, -0.02)

	Miryan
	-0.73
	(-1.42, -0.04)

	Moayedi
	0.04
	(-0.00, 0.09)

	Mujica
	-0.58
	(-1.13, -0.03)

	Nikbaf-Shandiz
	-0.59
	(-1.14, -0.04)

	Sajjadi
	-0.58
	(-1.17, -0.00)

	Samadi
	-0.59
	(-1.14, -0.03)

	Soleimani
	-0.68
	(-1.28, -0.09)

	Soleimani
	-0.63
	(-1.22, -0.04)

	Tutunchi
	-0.61
	(-1.16, -0.06)

	Zakerkish
	-0.60
	(-1.16, -0.05)

	Tascaa
	-0.58
	(-1.13, -0.03)

	Ochoa-Morales
	-0.59
	(-1.14, -0.04)

	Combined  
	-0.59
	(-1.21, -0.05)

	














 

	Supplementary Table 23. Influence analysis for the effect of propolis on body mass index compared to placebo.

	Study omitted
	Estimate
	(95% Conf.  Interval)

	Abbasi
	-0.10
	(-0.12, -0.09)

	Afsharpour
	-0.11
	(-0.12, -0.09)

	Afsharpour
	-0.11
	(-0.12, -0.09)

	Gholaminejad
	-0.11
	(-0.12, -0.09)

	Hesami
	-0.11
	(-0.12, -0.09)

	Irandoust
	-0.11
	(-0.12, -0.09)

	Kanazashi
	-0.11
	(-0.12, -0.09)

	Miryan
	-0.02
	(-0.18, 0.12)

	Mujica
	-0.11
	(-0.12, -0.09)

	Nikbaf-Shandiz
	-0.11
	(-0.12, -0.09)

	Sajjadi
	-0.10
	(-0.12, -0.09)

	Samadi
	-0.11
	(-0.12, -0.09)

	Sani
	-0.11
	(-0.12, -0.09)

	Tutunchi
	-0.11
	(-0.12, -0.09)

	Zakerkish
	-0.11
	(-0.12, -0.09)

	Tascaa
	-0.11
	(-0.12, -0.09)

	Ochoa-Morales
	-0.11
	(-0.12, -0.09)

	Combined  
	-0.11
	(-0.12, -0.09)

	


















	[bookmark: _Hlk179701463]Supplementary Table 24. Assessment of credibility of subgroup difference based on ICEMAN domains.

	Variable
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Overall interpretation

	BMI
	

	Royal Jelly
	Risk of bias
	N
	N
	PN
	PY
	PY
	PY
	Y
	N
	Moderate

	Propolis
	
	N
	N
	PY
	PY
	PY
	PY
	Y
	N
	Moderate

	TG
	

	Honey
	Health status
	N
	N
	PY
	PY
	Y
	PY
	Y
	N
	Moderate

	
	Risk of bias
	N
	N
	N
	PY
	N
	PY
	Y
	N
	Low

	TC
	

	Honey
	Health status
	N
	N
	PY
	PY
	PY
	PY
	Y
	N
	Moderate

	Royal Jelly
	Duration of Int.
	N
	N
	N
	PY
	PY
	PY
	Y
	Y
	Low

	LDL-C
	

	Honey 
	Health status
	N
	N
	PY
	PY
	PY
	PY
	Y
	N
	Moderate

	Honey
	Risk of bias
	N
	N
	N
	PY
	N
	PY
	Y
	N
	Low

	Royal Jelly
	
	N
	N
	N
	PY
	PY
	PY
	Y
	N
	Low

	Royal Jelly
	Duration of Int.
	N
	N
	N
	PY
	PY
	PY
	Y
	Y
	Low

	FBG
	

	Royal Jelly
	Health status
	N
	N
	PY
	PY
	PN
	PY
	Y
	N
	Moderate

	
	Obesity status
	N
	N
	PN
	PY
	PY
	PY
	Y
	N
	Low

	Propolis
	Risk of bias
	N
	N
	PY
	PY
	PN
	PY
	Y
	N
	Moderate

	Honey
	Duration of Int.
	N
	N
	PY
	PY
	PN
	PY
	Y
	Y
	Low

	HbA1c
	

	Royal Jelly
	Health status
	N
	N
	N
	PY
	Y
	PY
	Y
	N
	Low

	Propolis
	
	N
	N
	N
	PY
	PN
	PY
	Y
	N
	Low

	Propolis
	Obesity status
	N
	N
	N
	PY
	Y
	PY
	Y
	N
	Low

	Royal Jelly
	Risk of bias
	N
	N
	N
	PY
	PN
	PY
	Y
	N
	Low

	Propolis
	
	N
	N
	PN
	PY
	PY
	PY
	Y
	N
	Moderate

	Honey
	Duration of Int.
	N
	N
	PN
	PY
	N
	PY
	Y
	Y
	Low

	HOMA-IR
	

	Propolis
	Health status
	N
	N
	PY
	PY
	PN
	PY
	Y
	N
	Moderate

	
	Risk of bias
	N
	N
	PY
	PY
	N
	PY
	Y
	N
	Moderate

	ALT
	

	Honey
	Risk of bias
	N
	N
	N
	PY
	N
	PY
	Y
	N
	Low

	
	Duration of Int.
	N
	N
	PN
	PY
	N
	PY
	Y
	Y
	Low

	AST
	
	
	
	
	
	
	
	
	

	Propolis
	Obesity status
	N
	N
	N
	PY
	PY
	PY
	Y
	N
	Low

	Honey
	Risk of bias
	N
	N
	N
	PY
	PY
	PY
	Y
	N
	Moderate

	Propolis
	
	N
	N
	N
	PY
	PY
	PY
	Y
	N
	Low

	Honey
	Duration of Int.
	N
	N
	N
	PY
	PY
	PY
	Y
	Y
	Low

	Royal Jelly
	
	N
	N
	N
	PY
	Y
	PY
	Y
	Y
	Low

	TNF-α
	

	Propolis
	Duration of Int.
	N
	N
	PY
	PY
	PN
	PY
	Y
	Y
	Low

	Q1, Is the analysis of effect modification based on comparison within rather than between trials? Q2, For within-trial comparisons, is the effect modification similar from trial to trial? Q3, For between-trial comparisons, is the number of trials large? Q4, Was the direction of the effect modification correctly hypothesized priori? Q5, Does a test for interaction suggest that chance is an unlikely explanation of the apparent effect modification? Q6, Did the authors test only a small number of effect modifiers? Q7, Did the authors use a random effects model? Q8, If the effect modifier is a continuous variable, were arbitrary cut points avoided?
Abbreviation: ALP; Alkaline Phosphatase; ALT, Alanine Amino Transferase; AST, Aspartate Amino Transferase; BMI, Body Mass Index; FBG, Fasting Blood Glucose; HbA1c, Hemoglobin A1c; HDL-C; High Lipoprotein Density Cholesterol; HOMA-IR; Homeostatic Model Assessment for Insulin Resistance; INS; Inulin; Int, Intervention; LDL-C; Low Lipoprotein Density Cholesterol; TC, Total Cholesterol; TG, Triglyceride; TNF- α; Tumor Necrosis Factor-alpha.
















	Supplementary Table 25. Subgroup analysis of included randomized controlled trials investigating the effects of Honey, Royal Jelly and Propolis on BMI, lipid and glycemic profile, liver function, and TNF-alpha level based on ICEMAN credibility criteria.

	Variable
	
	N
	WMD (95%CI)
	Pbetween
	ICEMAN

	BMI
	

	Royal Jelly
	Risk of bias
	Low
	4
	0.52 (-0.29, 1.32)
	0.02
	Moderate

	
	
	SC
	5
	-0.49 (-0.88, -0.10)
	
	

	
	
	High
	1
	0.10 (-0.20, 0.40)
	
	

	
	
	
	
	
	
	

	Propolis
	
	Low
	8
	-0.11 (-0.13, -0.10)
	0.04
	Moderate

	
	
	SC
	8
	0.06 (-0.14, 0.27)
	
	

	
	
	High
	1
	1.04 (-0.20, 3.00)
	
	

	TG
	

	Honey
	Health status
	DM
	5
	42.6 (-1.06, 86.4)
	0.09
	Moderate

	
	
	No DM
	12
	4.69 (-1.41, 10.7)
	
	

	
	
	
	
	
	
	

	
	Risk of bias
	Low
	1
	38.5 (23.4, 53.6)
	<0.001
	Low

	
	
	SC
	16
	3.58 (-2.42, 9.58)
	
	

	
	
	High
	-
	-
	
	

	TC
	
	
	
	
	

	Honey
	Health status
	DM
	6
	13.9 (-2.66, 30.6)
	0.03
	Moderate

	
	
	No DM
	12
	-4.65 (-9.69, 0.38)
	
	

	
	
	
	
	
	
	

	Royal Jelly
	Duration of Int.
	>=12
	1
	-20.0 (-31.6, -8.35)
	0.09
	Low

	
	
	<12
	6
	-8.01 (-15.6, -0.40)
	
	

	LDL-C
	
	
	
	
	

	Honey
	Health status
	DM
	6
	6.07 (-2.25, 14.40)
	0.03
	Moderate

	
	
	No DM
	12
	-4.02 (-8.61, 0.58)
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Honey
	Risk of bias
	Low
	1
	-22.2 (-30.5, -14.0)
	<0.001
	Low

	
	
	SC
	17
	0.67 (-2.08, 3.41)
	
	

	
	
	High
	-
	-
	
	

	
	
	
	
	
	
	

	Royal Jelly
	
	Low
	3
	0.44 (-4.05, 4.93)
	0.02
	Low

	
	
	SC
	5
	-1.72 (-8.26, 4.82)
	
	

	
	
	High
	1
	-11.9 (-19.4, -4.38)
	
	

	Royal Jelly
	Duration of Int.
	
	
	
	
	

	
	
	>=12
	2
	3.12 (-3.55, 9.79)
	0.05
	Low

	
	
	<12
	7
	-4.41 (-8.35, -0.47)
	
	

	FBG
	
	
	
	
	

	Royal Jelly 
	Health status
	DM
	4
	-11.9 (-20.1, -3.79)
	0.01
	Moderate

	
	
	No DM
	7
	-0.95 (-3.95, 2.05)
	
	

	
	
	
	
	
	
	

	
	Obesity status
	NM
	5
	0.46 (-3.41, 4.33)
	0.02
	Low

	
	
	OW
	4
	-5.37 (-8.71, -2.04)
	
	

	
	
	OB
	-
	-
	
	

	Propolis
	Risk of bias
	
	
	
	
	

	
	
	Low
	7
	-2.38 (-4.84, 0.08)
	0.01
	Moderate

	
	
	SC
	9
	-14.3 (-22.4, -6.22)
	
	

	
	
	High
	3
	-12.1 (-42.0, 17.8)
	
	

	
	
	
	
	
	
	

	Honey
	Duration of Int.
	>=12
	4
	4.13 (0.49, 7.77)
	0.01
	Low

	
	
	<12
	6
	-3.13 (-7.13, 1.06)
	
	

	HbA1c
	
	
	
	
	

	Royal Jelly
	Health status
	DM
	2
	-1.23 (-2.66, 0.19)
	0.09
	Low

	
	
	No DM
	2
	-0.00 (-0.06, 0.05)
	
	

	Propolis
	
	
	
	
	
	

	
	
	DM
	10
	-0.79 (-1.19, -0.39)
	0.01
	Low

	
	
	No DM
	2
	-0.08 (-0.49, 0.33)
	
	

	Propolis
	Obesity status
	
	
	
	
	

	
	
	NM
	-
	-
	0.08
	Low

	
	
	OW
	9
	-0.46 (-0.78, -0.13)
	
	

	
	
	OB
	3
	-1.64 (-2.97, -0.32)
	
	

	

	Royal Jelly
	Risk of bias
	Low
	3
	-0.01 (-0.10, 0.08)
	0.01
	Low

	
	
	SC
	1
	-0.85 (-1.51, -0.19)
	
	

	
	
	High
	-
	-
	
	

	Propolis
	
	
	
	
	
	

	
	
	Low
	4
	-1.33 (-2.62, -0.05)
	0.03
	Moderate

	
	
	SC
	6
	-0.63 (-1.01, -0.26)
	
	

	
	
	High
	2
	-0.10 (-0.43, 0.23)
	
	

	
	
	
	
	
	
	

	Honey
	Duration of Int.
	>=12
	6
	-0.32 (-0.48, -0.16)
	0.002
	Low

	
	
	<12
	2
	0.36 (-0.05, 0.77)
	
	

	HOMA-IR
	
	
	
	
	

	Propolis 
	Health status
	DM
	5
	-0.98(-1.34, -0.62)
	0.01
	Moderate

	
	
	No DM
	7
	-0.35 (-0.72, 0.02)
	
	

	
	
	
	
	
	
	

	
	Risk of bias
	Low
	6
	-0.23 (-0.54, 0.08)
	0.001
	Moderate

	
	
	SC
	6
	-0.96 (-1.28, -0.65)
	
	

	
	
	High
	-
	-
	
	

	ALT
	
	
	
	
	

	Honey 
	Risk of bias
	Low
	1
	-10.2 (-16.2, -4.17)
	0.006
	Low

	
	
	SC
	5
	2.28 (-4.26, 8.82)
	
	

	
	
	High
	-
	-
	
	

	
	
	
	
	
	
	

	
	Duration of Int.
	>=12
	4
	7.16 (-6.92, 21.2)
	0.006
	Low

	
	
	<12
	2
	-4.69 (-14.8, 5.41)
	
	

	AST
	
	
	
	
	

	Propolis
	Obesity status
	NM
	1
	2.60 (-2.80, 8.00)
	0.04
	Low

	
	
	OW
	5
	-1.17 (-2.07, -0.26)
	
	

	
	
	OB
	3
	-3.17 (-4.92, -1.41)
	
	

	
	
	
	
	
	
	

	Honey

	Risk of bias
	Low
	1
	-20.8 (-42.1, 0.40)
	0.01
	Moderate

	
	
	SC
	4
	9.01 (-1.74, 19.7)
	
	

	
	
	High
	-
	-
	
	

	
	
	
	
	
	
	

	Propolis
	
	Low
	5
	-1.13 (-2.78, 0.53)
	0.03
	Low

	
	
	SC
	5
	-3.45 (-4.85, -2.05)
	
	

	
	
	High
	-
	-
	
	

	
	
	
	
	
	
	

	Honey
	Duration of Int.
	>=12
	3
	14.2 (5.16, 23.3)
	0.04
	Low

	
	
	<12
	2
	-7.76 (-27.2, 11.77)
	
	

	Royal Jelly
	
	
	
	
	
	

	
	
	>=12
	1
	1.70 (-1.04, 4.44)
	0.07
	Low

	
	
	<12
	6
	-0.97 (-1.94, 0.01)
	
	

	TNF-α

	Propolis
	Duration of Int.
	>=12
	5
	-0.30 (-1.26, 0.65)
	0.01
	Low

	
	
	<12
	7
	-7.19 (-12.6, -1.79)
	
	

	Abbreviations: ALP; Alkaline Phosphatase; ALT, Alanine Amino Transferase; AST, Aspartate Amino Transferase; BMI, Body Mass Index; CI, Confidence Interval; DM, Diabetes Mellitus; FBG, Fasting Blood Glucose; HbA1c, Hemoglobin A1c; HDL-C; High Lipoprotein Density Cholesterol; HOMA-IR; Homeostatic Model Assessment for Insulin Resistance; INS; Inulin; Int, Intervention; LDL-C; Low Lipoprotein Density Cholesterol; SC, Some Concern; TC, Total Cholesterol; TG, Triglyceride; TNF-α; Tumor Necrosis Factor alpha; WMD, Weighted Mean Difference.






















	Supplementary Table 26. Non-linear dose-response analysis for the effects of honey supplementation on AST, FBG, and HbA1C.

	Honey (gr/d)
	0
(Ref)
	15
	20
	25
	30
	40
	50

	AST, IU/L 
(95% CI)
	0
(0.00,0.00)
	13.4 (2.78, 24.0)
	15.9 (3.58, 28.2)
	16.7 (4.22, 29.3)
	16.3 (4.59, 28.1)
	13.4 (3.79, 23.0)
	9.88 (-0.27, 20.4)

	Honey (gr/d)
	0
(Ref)
	15
	20
	25
	50
	75
	175

	FBG, mg/dl 
(95% CI)
	0
(0.00,0.00)
	3.46 (0.07, 6.86)
	3.81 (0.01, 7.62)
	3.79 (-0.10, 7.68)
	0.33 (-1.76, 2.42)
	-4.41 (-8.59, -0.23)
	-23.7 (-43.6, -3.11)

	Honey (gr/d)
	0
(Ref)
	5
	10
	25
	50
	75
	175

	HbA1C, 
(95% CI)
	0
(0.00,0.00)
	-0.28 (-0.43, -0.14)
	-0.37 (-0.56, -0.18)
	-0.28 (-0.47, -0.09)
	-0.10 (-0.44, 0.24)
	0.08 (-0.47, 0.63)
	0.81 (-0.64, 2.25)

	Abbreviations: CI, Confidence Interval; Ref, Reference; AST, Aspartate Transferase; FBG, Fasting Blood Glucose; HbA1C, Hemoglobin A1C.
* Data is presented as mean difference (95% confidence interval)














	Supplementary Table 27. Non-linear dose-response analysis for the effects of royal jelly supplementation on TG.

	Royal jelly (gr/d)
	0
(Ref)
	0.5
	1
	2
	4
	6
	8

	TG, mg/dl
(95% CI)
	0
(0.00,0.00)
	-10.5 (-18.7, -2.37)
	-9.32 (-16.4, -2.19)
	-6.46 (-13.8, 0.92)
	-0.73 (-15.7, 14.2)
	-5.00 (19.7, 29.7)
	10.7 (-24.2, 45.6)

	Abbreviations: CI, Confidence Interval; Ref, Reference; TG, Triglycerides.
* Data is presented as mean difference (95% confidence interval)


















	Supplementary Table 28. Non-linear dose-response analysis for the effects of propolis supplementation on MDA.

	Propolis (mg/d)
	0
(Ref)
	150
	250
	300
	350
	500
	1000

	MDA, ummol/l
(95% CI)
	0
(0.00,0.00)
	-0.20 (-0.37, -0.03)
	-0.24 (-0.45, -0.03)
	-0.28 (-0.51, -0.04)
	-0.27 (-0.50, -0.04)
	-0.21 (-0.38, -0.03)
	0.05 (0.01, 0.10)

	Abbreviations: CI, Confidence Interval; Ref, Reference; MDA, Malondialdehid.
* Data is presented as mean difference (95% confidence interval)

















	Supplementary Table 29. The methodological quality of included meta-analyses using AMSTAR-II.

	Author, year (ref)
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Q11
	Q12
	Q13
	Q14
	Q15
	Q16
	Overall

	Ahmed, 2023 (74)
	Y
	Y
	Y
	PY
	Y
	Y
	Y
	PY
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Low

	Ahmed, 2024 (75)
	Y
	Y
	Y
	PY
	Y
	Y
	Y
	PY
	Y
	N
	Y
	N
	N
	Y
	Y
	Y
	Low

	Vajdi, 2023 (76)
	Y
	Y
	Y
	PY
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	High

	Bahari, 2023 (a) (77)
	Y
	Y
	Y
	PY
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N
	N
	Y
	Y
	Low

	Bahari, 2023 (b) (78)
	Y
	Y
	Y
	PY
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N
	N
	Y
	Y
	Low

	Nazari bonab, 2023 (79)
	Y
	N
	Y
	PY
	Y
	Y
	Y
	Y
	Y
	N
	Y
	N
	N
	Y
	Y
	Y
	Very Low

	Hallajzadeh, 2021 (80)
	Y
	N
	Y
	PY
	Y
	Y
	Y
	Y
	N
	N
	Y
	N
	N
	Y
	Y
	Y
	Very Low

	ref, references (main text); PY, partially yes. Q1: Did the research questions and inclusion criteria for the review include the components of PICO?, Q2: 2. Did the report of the review contain an explicit statement that the review methods were established prior to the conduct of the review and did the report justify any significant deviations from the protocol?; Q3, Did the review authors explain their selection of the study designs for inclusion in the review?; Q4, Did the review authors use a comprehensive literature search strategy?; Q5, Did the review authors perform study selection in duplicate?; Q6, Did the review authors perform data extraction in duplicate?; Q7, Did the review authors provide a list of excluded studies and justify the exclusions?; Q8, Did the review authors describe the included studies in adequate detail?; Q9, Did the review authors use a satisfactory technique for assessing the risk of bias?; Q10, Did the review authors report on the sources of funding?; Q11, Did the review authors use appropriate methods for the statistical combination of results?; Q12, Did the review authors assess the potential impact of RoB in individual studies on the results?; Q13, Did the review authors account for RoB in individual studies when interpreting/ discussing the results of the review?; Q14, Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity?; Q15, Did the review authors carry out an adequate investigation of publication bias?; Q16, Did the review authors report any potential sources of conflict of interest?













	Supplementary Table 30. Quality assessment of included Honey supplementation trials.

	Study, year
	Bias arising from the randomization process
	Bias due to deviations from intended intervention
	Bias due to missing outcome data
	Bias in measurement of the outcome
	Bias in selection of the reported result
	Overall quality

	
Rasad, 2018
	
Low risk
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Low risk

	Sidabutar, 2021
	
Low risk
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Low risk

	Enginyurt, 2017
	
Some concerns
	
Some concerns
	Low risk
	Low risk
	Low risk
	Some concerns

	
Tang, 2020
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Some concerns

	
Raatz, 2015
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Some concerns

	
Bahrami, 2002
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Some concerns
	Some concerns

	
Mu¨nstedt, 2009
	
Low risk
	
Some concerns
	
Low risk
	
Low risk
	
Some concerns
	Some concerns

	
Majid, 2013
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Some concerns
	Some concerns

	
Al-Tamimi, 2019
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Some concerns

	
Zuhri, 2002
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Some concerns
	Some concerns

	
Zakaria, 2021
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Some concerns

	
Ghazali, 2017
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Some concerns

	Yaghoobi, 2008
	Some concerns
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	
Salazar, 2022
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Some concerns

	
Sadeghi, 2019
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Some concerns

	
Sadeghi, 2019-2
	
Some concerns
	
Some concerns
	
Low risk
	
Low risk
	
Low risk
	Some concerns





	Supplementary Table 31.  Quality assessment of included Royal Jelly Supplementation trials.

	Study, year
	Bias arising from the randomization process
	Bias due to deviations from intended intervention
	Bias due to missing outcome data
	Bias in measurement of the outcome
	Bias in selection of the reported result
	Overall quality

	Guo, 2007
	Some concerns
	Some concerns
	Low risk
	Some concerns
	Some concerns
	High risk

	Fujisue, 2022
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Khoshpey, 2016
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Mousavi, 2017
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Shidfar, 2015
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Inoue, 2017
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Low risk

	Okamoto, 2023
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Chiu, 2016
	Low risk
	Some concerns
	Low risk
	Some concerns
	Low risk
	Some concerns

	Morita, 2012
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	Petelin, 2019
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	
Pourmoradian, 2012
	Low risk
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns

	Saritas, 2011
	Some concerns
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	
Pourmoradian, 2014
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns





	Supplementary Table 32.  Quality assessment of included Propolis Supplementation trials.

	Study, year
	Bias arising from the randomization process
	Bias due to deviations from intended intervention
	Bias due to missing outcome data
	Bias in measurement of the outcome
	Bias in selection of the reported result
	Overall quality

	
Gao, 2017
	Some concerns
	Some concerns
	Low risk
	Some concerns
	Some concerns
	High risk

	
Khayyal, 2003
	Some concerns
	Some concerns
	Low risk
	Some concerns
	Some concerns
	High risk

	
Koo, 2019
	Some concerns
	Some concerns
	Low risk
	Some concerns
	Some concerns
	High risk

	
Zhao, 2016
	Some concerns
	Some concerns
	Low risk
	Some concerns
	Some concerns
	High risk

	
Ebeid, 2016
	High risk
	Some concerns
	Low risk
	Some concerns
	Some concerns
	High risk

	
Kulaksiz, 2023
	Some concerns
	Some concerns
	Low risk
	Some concerns
	Some concerns
	High risk

	
Irandoust, 2024
	Some concerns
	Some concerns
	Low risk
	Some concerns
	Some concerns
	High risk

	Abbasi, 2023
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Moayedi, 2023
	Low risk
	Low risk
	Low risk
	Some concerns
	Low risk
	Low risk

	Nikbaf-shandiz,2022
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Sajjadi, 2023
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	
Soleimani, 2020
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	
Tutunchi, 2023
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	
Gholaminejad, 2019
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Low risk

	
Mujica, 2017
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	
Samadi, 2017
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	
Silveria, 2019
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	
Zakerkish, 2019
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	
Darvishi, 2020
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	
Pahlevani, 2022
	Low risk
	Low risk
	Low risk
	Low risk
	Some concerns
	Low risk

	
Avanifard, 2023
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	
Hesami, 2019
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	
Kanazashi, 2023
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	
Maddahi, 2023
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	
Miryan, 2022
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	
Soleimani, 2021
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Tasca, 2024
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Yousefi, 2023
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Ochoa-Morales, 2023
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	Fernandes, 2022
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Low risk

	
Fukuda, 2015
	
Low risk

	
Some concerns

	
Low risk
	
Low risk
	
Some concerns
	Some concerns

	
Javadi, 2018
	Low risk
	
Some concerns
	
Low risk
	
Some concerns
	
Some concerns
	Some concerns

	
Afsharpour, 2017
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	
Afsharpour, 2019
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	
El-sharkawy, 2016
	Low risk
	Some concerns
	Low risk
	Low risk
	
Some concerns

	Some concerns

	
Zhu, 2018
	
Low risk

	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	
Asama, 2021
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	
Baptista
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	
Conte, 2021
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns

	
Sani, 2023
	Low risk
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns





















	Supplementary Table 33. GRADE tool to assess the certainty of evidence regarding the effects of honey, royal jelly, and propolis on blood pressure and anthropometric indices compared to placebo.

	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	[intervention]
	[comparison]
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	SBP

	Honey

	5
	RT
	seriousa
	not serious
	seriousb
	not serious
	dose response gradient
	127
	124
	-
	MD 4.24 mmHg higher
(2.03 higher to 6.45 higher)
	⨁⨁⨁◯
Moderatea,b
	IMPORTANT

	Royal Jelly

	4
	RT
	not serious
	seriousc
	seriousb
	seriousd
	none
	143
	133
	-
	MD 2.09 mmHg lower
(5.97 lower to 1.79 higher)
	⨁◯◯◯
Very lowb,c,d
	IMPORTANT

	Propolis

	7
	RT
	not serious
	not serious
	not serious
	seriousd
	none
	166
	156
	-
	MD 0.18 mmHg lower
(0.6 lower to 0.24 higher)
	⨁⨁⨁◯
Moderated
	IMPORTANT

	DBP

	Honey 

	5
	RT
	seriousa
	not serious
	seriousb
	not serious
	none
	127
	127
	-
	MD 1.94 mmHg higher
(0.4 higher to 3.48 higher)
	⨁⨁◯◯
Lowa,b
	IMPORTANT

	Royal Jelly

	4
	RT
	not serious
	not serious
	seriousb
	not serious
	none
	143
	133
	-
	MD 2.48 mmHg lower
(3.99 lower to 0.97 lower)
	⨁⨁⨁◯
Moderateb
	IMPORTANT

	Propolis

	7
	RT
	not serious
	not serious
	not serious
	seriousd
	none
	166
	156
	-
	MD 0.01 mmHg lower
(0.23 lower to 0.22 higher)
	⨁⨁⨁◯
Moderated
	IMPORTANT

	BW

	Honey

	11
	RT
	seriousa
	not serious
	not serious
	seriouse
	none
	254
	235
	-
	MD 0.19 kg lower
(0.24 lower to 0.15 lower)
	⨁⨁◯◯
Lowa,e
	IMPORTANT

	Royal Jelly

	7
	RT
	seriousa
	not serious
	seriousb
	seriousd
	none
	101
	102
	-
	MD 0.3 kg higher
(0.52 lower to 1.11 higher)
	⨁◯◯◯
Very lowa,b,d
	IMPORTANT

	Propolis

	19
	RT
	not serious
	not seriousf
	not serious
	seriouse
	none
	498
	485
	-
	MD 0.59 kg lower
(1.14 lower to 0.05 lower)
	⨁⨁⨁◯
Moderatee,f
	IMPORTANT

	BMI

	Honey 

	9
	RT
	seriousa
	not serious
	seriousb
	seriouse
	none
	219
	202
	-
	MD 0.41 kg/m2 lower
(0.53 lower to 0.28 lower)
	⨁◯◯◯
Very lowa,b,e
	IMPORTANT

	Royal Jelly

	10
	RT
	seriousa
	not seriousf
	seriousb
	seriousd
	none
	212
	204
	-
	MD 0.07 kg/m2 higher
(0.33 lower to 0.46 higher)
	⨁◯◯◯
Very lowa,b,d,f
	IMPORTANT

	Propolis

	17
	RT
	not serious
	not serious
	seriousb
	seriouse
	none
	441
	427
	-
	MD 0.11 kg/m2 lower
(0.13 lower to 0.09 lower)
	⨁⨁◯◯
Lowb,e
	IMPORTANT

	TBFP

	Honey 

	3
	RT
	seriousa
	not serious
	not serious
	seriousd
	none
	54
	34
	-
	MD 0.22 % lower
(2.36 lower to 1.92 higher)
	⨁⨁◯◯
Lowa,d
	IMPORTANT

	Royal Jelly

	6
	RT
	seriousa
	not serious
	seriousb
	seriousd
	none
	85
	87
	-
	MD 0.09 % higher
(1.12 lower to 1.3 higher)
	⨁◯◯◯
Very lowa,b,d
	IMPORTANT

	Propolis

	3
	RT
	not serious
	not serious
	not serious
	seriouse
	none
	54
	57
	-
	MD 1 % lower
(1.38 lower to 0.62 lower)
	⨁⨁⨁◯
Moderatee
	IMPORTANT

	FM

	Propolis

	3
	RT
	not serious
	not serious
	seriousb
	seriouse
	none
	76
	80
	-
	MD 0.42 kg lower
(0.74 lower to 0.1 lower)
	⨁⨁◯◯
Lowb,e
	IMPORTANT

	FFM

	Propolis 

	3
	RT
	not serious
	not serious
	seriousb
	seriousd
	none
	76
	80
	-
	MD 0.42 kg lower
(1.37 lower to 0.53 higher)
	⨁⨁◯◯
Lowb,d
	IMPORTANT

	WC

	Honey 

	2
	RT
	seriousa
	not serious
	not serious
	seriousd
	none
	24
	31
	-
	MD 1.09 cm lower
(4.63 lower to 2.45 higher)
	⨁⨁◯◯
Lowa,d
	IMPORTANT

	Royal Jelly

	2
	RT
	not serious
	not serious
	seriousb
	seriousd
	none
	48
	45
	-
	MD 0.15 cm higher
(1.54 lower to 1.85 higher)
	⨁⨁◯◯
Lowb,d
	IMPORTANT

	Propolis

	10
	RT
	not serious
	not seriousf
	seriousb
	seriousd
	none
	239
	229
	-
	MD 0.1 cm lower
(1.58 lower to 1.37 higher)
	⨁⨁◯◯
Lowb,d,f
	IMPORTANT

	HC

	Honey 

	2
	RT
	seriousa
	not serious
	not serious
	seriousd
	none
	24
	31
	-
	MD 0.86 cm lower
(3.51 lower to 1.79 higher)
	⨁⨁◯◯
Lowa,d
	IMPORTANT

	Propolis

	4
	RT
	not serious
	not serious
	seriousb
	seriousd
	none
	95
	94
	-
	MD 0.41 cm lower
(2.15 lower to 1.33 higher)
	⨁⨁◯◯
Lowb,d
	IMPORTANT

	WHR

	Honey 

	2
	RT
	seriousa
	not serious
	not serious
	seriousd
	none
	24
	31
	-
	MD 0.01 lower
(0.03 lower to 0.01 higher)
	⨁⨁◯◯
Lowa,d
	IMPORTANT

	Propolis

	4
	RT
	not serious
	seriousc
	very seriousg
	seriousd
	none
	90
	89
	-
	MD 0.01 lower
(0.03 lower to 0.01 higher)
	⨁◯◯◯
Very lowc,d,g
	IMPORTANT

	WHtR

	Honey 

	2
	RT
	seriousa
	seriousc
	not serious
	seriousd
	none
	24
	31
	-
	MD 0.02 higher
(0.08 lower to 0.12 higher)
	⨁◯◯◯
Very lowa,c,d
	IMPORTANT

	Propolis 

	2
	RT
	seriousa
	not serious
	very seriousg
	seriousd
	none
	57
	92
	-
	MD 0 
(0.02 lower to 0.01 higher)
	⨁◯◯◯
Very lowa,d,g
	IMPORTANT

	Explanations: a. Due to considerable overall risk of bias in included studies. b. Due to homogeneity in studies region. c. Due to considerable heterogeneity. d. Due to non-significant pooled result. e. Due to not achieving to minimally clinical important difference (MCID). f. Due to homogeneity in single study and pooled result according to related forest plot although I2 > 50. g. Because the studies were conducted in single region. i. Due to detected publication bias. j. Due to low number of participants.






	Supplementary Table 34. GRADE tool to assess the certainty of evidence regarding the effects of honey, royal jelly, and propolis on liver enzymes, lipid, and glycemic indices compared to placeboplac

	[bookmark: _Hlk180847583]Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	[intervention]
	[comparison]
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	AST

	Honey 

	5
	randomised trials
	seriousa
	seriousc
	seriousb
	seriousd
	dose response gradient
	115
	110
	-
	MD 5.05 U/L higher
(5.79 lower to 15.9 higher)
	⨁◯◯◯
Very lowa,b,c,d
	IMPORTANT

	Royal Jelly

	7
	randomised trials
	seriousa
	not serious
	seriousb
	seriousd
	none
	120
	121
	-
	MD 0.5 U/L lower
(1.63 lower to 0.63 higher)
	⨁◯◯◯
Very lowa,b,d
	IMPORTANT

	Propolis

	10
	randomised trials
	not serious
	not serious
	not serious
	seriouse
	dose response gradient
	266
	251
	-
	MD 2.21 U/L lower
(3.54 lower to 0.88 lower)
	⨁⨁⨁⨁
Highe
	IMPORTANT

	ALT

	Honey 

	6
	randomised trials
	seriousa
	seriousa
	seriousb
	seriousd
	none
	151
	146
	-
	MD 0.19 U/L lower
(6.49 lower to 6.11 higher)
	⨁◯◯◯
Very lowa,b,d
	IMPORTANT

	Royal Jelly

	7
	randomised trials
	seriousa
	not serious
	seriousb
	seriousd
	none
	120
	121
	-
	MD 1.25 U/L lower
(2.92 lower to 0.42 higher)
	⨁◯◯◯
Very lowa,b,d
	IMPORTANT

	Propolis

	10
	randomised trials
	not serious
	not seriousf
	not serious
	seriouse
	dose response gradient
	266
	251
	-
	MD 3.31 U/L lower
(5.97 lower to 0.65 lower)
	⨁⨁⨁⨁
Highe,f
	IMPORTANT

	AST/ALT

	Propolis 

	3
	randomised trials
	seriousa
	very serioush
	seriousb
	seriousd
	none
	56
	54
	-
	MD 0.04 U/L lower
(0.33 lower to 0.24 higher)
	⨁◯◯◯
Very lowa,b,d,h
	IMPORTANT

	ALP

	Honey 

	6
	randomised trials
	seriousa
	not serious
	seriousb
	seriousd
	publication bias strongly suspectedi
	136
	133
	-
	MD 3.85 U/L higher
(1.75 lower to 9.46 higher)
	⨁◯◯◯
Very lowa,b,d,i
	IMPORTANT

	Royal Jelly

	2
	randomised trials
	not serious
	not serious
	very seriousg
	seriouse
	none
	65
	64
	-
	MD 3.24 U/L higher
(7.58 lower to 14 higher)
	⨁◯◯◯
Very lowe,g
	IMPORTANT

	Propolis

	2
	randomised trials
	seriousa
	not serious
	very seriousg
	seriousd
	none
	77
	71
	-
	MD 15.5 U/L lower
(31.4 lower to 0.38 higher)
	⨁◯◯◯
Very lowa,d,g
	IMPORTANT

	GGT

	Honey 

	4
	randomised trials
	seriousa
	seriousc
	seriousb
	seriousd
	publication bias strongly suspectedi
	90
	87
	-
	MD 5.2 U/L higher
(8.61 lower to 19 higher)
	⨁◯◯◯
Very lowa,b,c,d,i
	IMPORTANT

	Royal Jelly

	3
	randomised trials
	not serious
	not serious
	very seriousg
	seriousd
	none
	72
	72
	-
	MD 1.12 U/L lower
(1.12 lower to 3.54 lower)
	⨁◯◯◯
Very lowd,g
	IMPORTANT

	Propolis

	6
	randomised trials
	seriousa
	not serious
	not serious
	seriousd
	none
	144
	139
	-
	MD 1.32 U/L lower
(3.85 lower to 1.21 higher)
	⨁⨁◯◯
Lowa,d
	IMPORTANT

	TC

	Honey 

	18
	randomised trials
	seriousa
	seriousc
	not serious
	seriousd
	none
	389
	361
	-
	MD 0.12 mg/dl lower
(6.49 lower to 6.26 higher)
	⨁◯◯◯
Very lowa,c,d
	IMPORTANT

	Royal Jelly

	7
	randomised trials
	seriousa
	not serious
	not serious
	not serious
	publication bias strongly suspected
dose response gradienti
	104
	109
	-
	MD 11 mg/dl lower
(18 lower to 3.96 lower)
	⨁⨁⨁◯
Moderatea,i
	IMPORTANT

	Propolis

	15
	randomised trials
	not serious
	very serioush
	seriousb
	seriousd
	none
	405
	383
	-
	MD 0.67 mg/dl lower
(6.71 lower to 5.38 higher)
	⨁◯◯◯
Very lowb,d,h
	IMPORTANT

	TG

	Honey 

	17
	randomised trials
	seriousa
	not serious
	not serious
	not serious
	publication bias strongly suspectedi
	352
	324
	-
	MD 8.09 mg/dl higher
(1.23 higher to 14.9 higher)
	⨁⨁◯◯
Lowa,i
	IMPORTANT

	Royal Jelly

	8
	randomised trials
	seriousa
	not serious
	seriousb
	seriouse
	dose response gradient
	150
	151
	-
	MD 5.26 mg/dl lower
(10.3 lower to 0.16 lower)
	⨁⨁◯◯
Lowa,b,e
	IMPORTANT

	Propolis

	12
	randomised trials
	not serious
	not serious
	seriousb
	seriousd
	none
	314
	296
	-
	MD 6.32 mg/dl lower
(12.7 lower to 0.12 higher)
	⨁⨁◯◯
Lowb,d
	IMPORTANT

	LDL-C

	Honey 

	18
	randomised trials
	seriousa
	seriousc
	not serious
	seriousd
	none
	389
	361
	-
	MD 1.39 mg/dl lower
(5.42 lower to 2.64 higher)
	⨁◯◯◯
Very lowa,c,d
	IMPORTANT

	Royal Jelly

	9
	randomised trials
	seriousa
	not serious
	seriousb
	seriousd
	dose response gradient
	180
	177
	-
	MD 2.5 mg/dl lower
(6.54 lower to 1.55 higher)
	⨁⨁◯◯
Lowa,b,d
	IMPORTANT

	Propolis

	14
	randomised trials
	not serious
	seriousc
	not serious
	not serious
	publication bias strongly suspectedi
	382
	362
	-
	MD 4.78 mg/dl lower
(8.86 lower to 0.7 lower)
	⨁⨁◯◯
Lowc,i
	IMPORTANT

	HDL-C

	Honey 

	18
	randomised trials
	seriousa
	not serious
	not serious
	seriousd
	none
	389
	361
	-
	MD 0.89 mg/dl higher
(0.11 lower to 1.89 higher)
	⨁⨁◯◯
Lowa,d
	IMPORTANT

	Royal Jelly

	9
	randomised trials
	seriousa
	not serious
	seriousb
	seriousd
	none
	180
	177
	-
	MD 1.08 mg/dl higher
(0.62 lower to 2.79 higher)
	⨁◯◯◯
Very lowa,b,d
	IMPORTANT

	Propolis

	15
	randomised trials
	not serious
	seriousf
	not serious
	seriousd
	publication bias strongly suspectedi
	405
	383
	-
	MD 2 mg/dl higher
(0.08 lower to 4.08 higher)
	⨁◯◯◯
Very lowd,f,i
	IMPORTANT

	VLDL-C

	Propolis 

	3
	randomised trials
	not serious
	seriousc
	seriousb
	seriousd
	none
	92
	83
	-
	MD 0.61 mg/dl lower
(7.68 lower to 6.45 higher)
	⨁◯◯◯
Very lowb,c,d
	IMPORTANT

	LDL-C/HDL-C

	Propolis 

	3
	randomised trials
	not serious
	not serious
	very seriousg
	seriouse
	none
	84
	80
	-
	MD 0.2 lower
(0.36 lower to 0.05 lower)
	⨁◯◯◯
Very lowe,g
	IMPORTANT

	TC/HDL-C

	Propolis 

	3
	randomised trials
	not serious
	not serious
	very seriousg
	seriouse
	publication bias strongly suspectedi
	84
	80
	-
	MD 0.24 lower
(0.46 lower to 0.02 lower)
	⨁◯◯◯
Very lowe,g,i
	IMPORTANT

	Honey (FBG)

	10
	randomised trials
	seriousa
	not seriousf
	seriousb
	seriousd
	none
	276
	255
	-
	MD 0.35 mg/dl lower
(3.72 lower to 3.01 higher)
	⨁◯◯◯
Very lowa,b,d,f
	IMPORTANT

	Royal Jelly

	11
	randomised trials
	seriousa
	not serious
	seriousb
	seriousd
	dose response gradient
	222
	221
	-
	MD 2.32 mg/dl lower
(5.45 lower to 0.81 higher)
	⨁⨁◯◯
Lowa,b,d
	IMPORTANT

	Propolis

	19
	randomised trials
	not serious
	seriousf
	not serious
	seriousd
	dose response gradient
	522
	510
	-
	MD 10.9 mg/dl lower
(17.3 lower to 4.51 lower)
	⨁⨁⨁◯
Moderated,f
	IMPORTANT

	2hPG

	Propolis 

	4
	randomised trials
	seriousa
	seriousc
	seriousb
	not serious
	none
	122
	116
	-
	MD 38.7 mg/dl lower
(54.4 lower to 29.9 lower)
	⨁◯◯◯
Very lowa,b,c
	IMPORTANT

	INS

	Honey 

	3
	randomised trials
	seriousa
	not serious
	not serious
	seriousd
	none
	73
	79
	-
	MD 0.05 microU/ml lower
(1.47 lower to 1.37 higher)
	⨁⨁◯◯
Lowa,d
	IMPORTANT

	Royal Jelly

	2
	randomised trials
	seriousa
	not serious
	very seriousg
	seriousj
	none
	44
	43
	-
	MD 3.63 microU/ml lower
(6.77 lower to 0.49 lower)
	⨁◯◯◯
Very lowa,g,j
	IMPORTANT

	Propolis

	15
	randomised trials
	seriousa
	seriousf
	seriousb
	not serious
	publication bias strongly suspected
dose response gradienti
	436
	425
	-
	MD 1.55 microU/ml lower
(2.47 lower to 0.63 lower)
	⨁◯◯◯
Very lowa,b,f,i
	IMPORTANT

	HbA1c

	Honey 

	8
	randomised trials
	seriousa
	seriousc
	seriousb
	seriouse
	none
	91
	95
	-
	MD 0.25 % lower
(0.45 lower to 0.05 lower)
	⨁◯◯◯
Very lowa,b,c,e
	IMPORTANT

	Royal Jelly

	4
	randomised trials
	not serious
	not seriousf
	seriousb
	seriouse
	publication bias strongly suspectedi
	109
	107
	-
	MD 0.05 % lower
(0.2 lower to 0.1 higher)
	⨁◯◯◯
Very lowb,e,f,i
	IMPORTANT

	Propolis

	12
	randomised trials
	seriousa
	seriousf
	not serious
	not serious
	publication bias strongly suspected
dose response gradienti
	342
	335
	-
	MD 0.67 % lower
(1 lower to 0.33 lower)
	⨁⨁◯◯
Lowa,f,i
	IMPORTANT

	QUICKI

	Propolis 

	5
	randomised trials
	not serious
	very serioush
	very seriousg
	seriousd
	none
	127
	123
	-
	MD 0.01 % higher
(0.01 lower to 0.02 higher)
	⨁◯◯◯
Very lowd,g,h
	IMPORTANT

	HOMA-IR

	Honey 

	3
	randomised trials
	seriousa
	not serious
	not serious
	seriousd
	none
	73
	79
	-
	MD 0.04 lower
(0.56 lower to 0.48 higher)
	⨁⨁◯◯
Lowa,d
	IMPORTANT

	Propolis

	12
	randomised trials
	not serious
	seriousf
	seriousb
	not serious
	publication bias strongly suspected
dose response gradienti
	368
	353
	-
	MD 0.66 lower
(0.96 lower to 0.36 lower)
	⨁⨁◯◯
Lowb,f,i
	IMPORTANT

	Explanations: a. Due to considerable overall risk of bias in included studies. b. Due to homogeneity in studies region. c. Due to considerable heterogeneity. d. Due to non-significant pooled result. e. Due to not achieving to minimally clinical important difference (MCID). f. Due to homogeneity in single study and pooled result according to related forest plot although I2 > 50. g. Because the studies were conducted in single region. i. Due to detected publication bias. j. Due to low number of participants.





	Supplementary Table 35. GRADE tool to assess the certainty of evidence regarding the effects of honey, royal jelly, and propolis on inflammatory and oxidative stress factors compared to placebo

	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	[intervention]
	[comparison]
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	IL-1B

	Propolis 

	3
	RT
	seriousa
	seriousc
	not serious
	seriousd
	none
	76
	74
	-
	MD 0.69 pg/ml lower
(1.66 lower to 0.28 higher)
	⨁◯◯◯
Very lowa,c,d
	IMPORTANT

	IL-6

	Propolis 

	9
	RT
	seriousa
	seriousc
	not serious
	not serious
	dose response gradient
	224
	217
	-
	MD 5.48 pg/ml lower
(7.1 lower to 3.86 lower)
	⨁⨁⨁◯
Moderatea,c
	IMPORTANT

	IL-10

	Propolis 

	6
	RT
	seriousa
	seriousc
	not serious
	not serious
	none
	132
	131
	-
	MD 10 pg/ml higher
(5.56 higher to 14.5 higher)
	⨁⨁◯◯
Lowa,c
	IMPORTANT

	MCP-1

	Propolis 

	3
	RT
	not serious
	not serious
	seriousb
	seriousj
	none
	64
	57
	-
	MD 44.3 pg/ml lower
(61.4 lower to 27.2 lower)
	⨁⨁◯◯
Lowb,j
	IMPORTANT

	TNF-a

	Propolis 

	12
	RT
	seriousa
	seriousc
	not serious
	seriouse
	publication bias strongly suspected
dose response gradienti
	348
	329
	-
	MD 5.29 pg/ml lower
(7.08 lower to 3.49 lower)
	⨁◯◯◯
Very lowa,c,e,i
	IMPORTANT

	hs-CRP

	Honey 

	6
	RT
	seriousa
	seriousf
	not serious
	seriouse
	none
	183
	161
	-
	MD 0.26 mg/dl higher
(0.06 higher to 0.47 higher)
	⨁◯◯◯
Very lowa,e,f
	IMPORTANT

	CRP

	Royal Jelly 

	2
	RT
	seriousa
	very serioush
	not serious
	seriousd
	none
	76
	72
	-
	MD 0.13 mg/l lower
(0.6 lower to 0.34 higher)
	⨁◯◯◯
Very lowa,d,h
	IMPORTANT

	Propolis

	12
	RT
	not serious
	seriousf
	seriousb
	seriousd
	publication bias strongly suspectedg
	302
	288
	-
	MD 0.31 mg/l lower
(0.64 lower to 0.02 higher)
	⨁◯◯◯
Very lowb,d,f,g
	IMPORTANT

	TAC

	Royal Jelly 

	3
	RT
	seriousa
	very serioush
	seriousb
	seriousj
	none
	74
	73
	-
	MD 0.97 mmol/l higher
(0.31 higher to 1.64 higher)
	⨁◯◯◯
Very lowa,b,h,j
	IMPORTANT

	Propolis

	5
	RT
	not serious
	very serioush
	seriousb
	not serious
	dose response gradient
	157
	156
	-
	MD 0.6 mmol/l higher
(0.53 higher to 0.67 higher)
	⨁⨁◯◯
Lowb,h
	IMPORTANT

	MDA

	Royal Jelly 

	2
	RT
	seriousa
	very serioush
	very seriousg
	seriousd
	none
	44
	43
	-
	MD 0.79 micromol/L lower
(1.9 lower to 0.32 higher)
	⨁◯◯◯
Very lowa,d,g,h
	IMPORTANT

	Propolis

	7
	RT
	not serious
	seriousf
	seriousb
	not serious
	dose response gradient
	197
	200
	-
	MD 0.16 micromol/L lower
(0.29 lower to 0.02 lower)
	⨁⨁⨁◯
Moderateb,f
	IMPORTANT

	PAB

	Propolis 

	3
	RT
	not serious
	not serious
	very seriousg
	seriousd
	none
	55
	54
	-
	MD 5.5 HK lower
(51.6 lower to 40.6 higher)
	⨁◯◯◯
Very lowd,g
	IMPORTANT

	GSH

	Propolis 

	3
	RT
	seriousa
	seriousc
	seriousb
	seriousd
	none
	82
	87
	-
	MD 1.05 g/L higher
(1.08 lower to 3.17 higher)
	⨁◯◯◯
Very lowa,b,c,d
	IMPORTANT

	GSHPx

	Propolis 

	2
	RT
	very seriousa
	not serious
	very seriousg
	seriousk
	none
	58
	62
	-
	MD 25.6 g/L higher
(6.64 higher to 44.5 higher)
	⨁◯◯◯
Very lowa,g,k
	IMPORTANT

	SOD

	Propolis 

	3
	RT
	seriousa
	very serioush
	seriousb
	seriousd
	none
	83
	90
	-
	MD 5.07 U/ml higher
(7.43 lower to 17.5 higher)
	⨁◯◯◯
Very lowa,b,d,h
	IMPORTANT

	Explanations: a. Due to considerable overall risk of bias in included studies. b. Due to homogeneity in studies region. c. Due to considerable heterogeneity. d. Due to non-significant pooled result. e. Due to not achieving to minimally clinical important difference (MCID). f. Due to homogeneity in single study and pooled result according to related forest plot although I2 > 50. g. Because the studies were conducted in single region. i. Due to detected publication bias. j. Due to low number of participants.






	Supplementary Table 36. List of studies excluded via full text assessment with corresponding reasons.

	Multicomponent intervention (n=7) (81-87)

	Quasi-experimental or non-randomized (88-96)

	Short duration (97-100)

	Active placebo (101-105)

	Not clear/complete reported effect size (84, 106-109) 

	Duplicates (5, 12, 45)

	Systematic reviews (110-116)

	Overlap (117-119)

	Duplicate (78, 79, 120)

	Irrelevant (121, 122)
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Supplementary Figure 1. Pairwise analysis for the effect of honey on a) systolic blood pressure, and b) diastolic blood pressure.
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Supplementary Figure 2. Pairwise analysis for the effect of royal jelly on a) systolic blood pressure, and b) diastolic blood pressure.















[image: ]














Supplementary Figure 3. Pairwise analysis for the effect of propolis on a) systolic blood pressure, and b) diastolic blood pressure.
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Supplementary Figure 4. Pairwise analysis for the effect of honey on a) body weight, b) body mass index, c) total body fat percent, d) waist circumference, e) hip circumference, f) waist-to-hip ratio, and g) waist-to-height ratio.
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Supplementary Figure 5. Pairwise analysis for the effect of royal jelly on a) body weight, b) body mass index, c) total body fat percent, and d) waist circumference.
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Supplementary Figure 6. Pairwise analysis for the effect of propolis on a) body weight, b) body mass index, c) total body fat percent, d) fat mass, e) fat-free mass, f) waist circumference, g) hip circumference, h) waist-to-hip ratio, and i) waist-to-height ratio.
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Supplementary Figure 7. Pairwise analysis for the effect of honey on a) aspartate aminotransferase, b) alanine aminotransferase, c) alkaline phosphatase, and d) gamma-glutamyl transferase.
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Supplementary Figure 8. Pairwise analysis for the effect of royal jelly on a) aspartate aminotransferase, b) alanine aminotransferase, c) alkaline phosphatase, and d) gamma-glutamyl transferase.
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Supplementary Figure 9. Pairwise analysis for the effect of propolis on a) aspartate aminotransferase, b) alanine aminotransferase, c) AST/ALT ratio, d) alkaline phosphatase, and e) gamma-glutamyl transferase.
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Supplementary Figure 10. Pairwise analysis for the effect of honey on a) total cholesterol, b) triglycerides, c) low-density lipoprotein cholesterol, and d) high-density lipoprotein cholesterol.
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Supplementary Figure 11. Pairwise analysis for the effect of royal jelly on a) total cholesterol, b) triglycerides, c) low-density lipoprotein cholesterol, and d) high-density lipoprotein cholesterol.
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Supplementary Figure 12. Pairwise analysis for the effect of propolis on a) total cholesterol, b) triglycerides, c) low-density lipoprotein cholesterol, d) high-density lipoprotein cholesterol, e) TC/HDL-C ratio, f) LDL-C/HDL-C ratio, and g) very-low-density lipoprotein cholesterol.




[image: ]Supplementary Figure 13. Pairwise analysis for the effect of honey on a) fasting blood glucose, b) hemoglobin A1C, c) serum insulin, and d) homeostatic model assessment for insulin resistance.
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Supplementary Figure 14. Pairwise analysis for the effect of royal jelly on a) fasting blood glucose, b) hemoglobin A1C, and c) serum insulin.
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[bookmark: _Hlk185432268]Supplementary Figure 15. Pairwise analysis for the effect of propolis on a) fasting blood glucose, b) hemoglobin A1C, c) serum insulin, d) homeostatic model assessment for insulin resistance, e) quantitative insulin sensitivity check index, and f) 2-hour postprandial glucose.
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Supplementary Figure 16. Pairwise analysis for the effect of honey on high-sensitive C-reactive protein.
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Supplementary Figure 17. Pairwise analysis for the effect of royal jelly on a) C-reactive protein, b) total antioxidant capacity, and c) malondialdehyde.
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Supplementary Figure 18. Pairwise analysis for the effect of propolis on a) interleukin-1B, b) interleukin-6, c) interleukin-10, d) monocyte chemoattractant protein-1, e) tumor necrosis factor-alpha, and f) C-reactive protein.
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Supplementary Figure 19. Pairwise analysis for the effect of propolis on a) total antioxidant capacity, b) malondialdehyde, c) pro-oxidant–antioxidant balance, d) glutathione, e) glutathione peroxidase, and f) superoxide dismutase.
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Supplementary Figure 20. Funnel plots investigating the potential for publication bias related to the effects of honey on a) systolic blood pressure, and b) diastolic blood pressure.
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Supplementary Figure 21. Funnel plots investigating the potential for publication bias related to the effects of honey on a) body weight, b) body mass index, c) total body fat percent, d) waist circumference, e) hip circumference, f) waist-to-hip ratio, and g) waist-to-height ratio.
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Supplementary Figure 22. Funnel plots investigating the potential for publication bias related to the effects of honey on a) aspartate aminotransferase, b) alanine aminotransferase, c) alkaline phosphatase, and d) gamma-glutamyl transferase.
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Supplementary Figure 23. Funnel plots investigating the potential for publication bias related to the effects of honey on a) total cholesterol, b) triglycerides, c) low-density lipoprotein cholesterol, and d) high-density lipoprotein cholesterol.
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Supplementary Figure 24. Funnel plots investigating the potential for publication bias related to the effects of honey on a) fasting blood glucose, b) hemoglobin A1C, c) serum insulin, and d) homeostatic model assessment for insulin resistance.
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Supplementary Figure 25. Funnel plot investigating the potential for publication bias related to the effects of honey on high-sensitive C-reactive protein.
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Supplementary Figure 26. Funnel plots investigating the potential for publication bias related to the effects of royal jelly on a) systolic blood pressure and b) diastolic blood pressure.
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Supplementary Figure 27. Funnel plots investigating the potential for publication bias related to the effects of royal jelly on a) body weight, b) body mass index, c) total body fat percent, and d) waist circumference.
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Supplementary Figure 28. Funnel plots investigating the potential for publication bias related to the effects of royal jelly on a) aspartate aminotransferase, b) alanine aminotransferase, c) alkaline phosphatase, and d) gamma-glutamyl transferase.
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Supplementary Figure 29. Funnel plots investigating the potential for publication bias related to the effects of royal jelly on a) total cholesterol, b) triglycerides, c) low-density lipoprotein cholesterol, and d) high-density lipoprotein cholesterol.
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Supplementary Figure 30. Funnel plots investigating the potential for publication bias related to the effects of royal jelly on a) fasting blood glucose, b) hemoglobin A1C, and c) serum insulin.
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Supplementary Figure 31. Funnel plots investigating the potential for publication bias related to the effects of royal jelly on a) C-reactive protein, b) total antioxidant capacity, and c) malondialdehyde.
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Supplementary Figure 32. Funnel plots investigating the potential for publication bias related to the effects of propolis on a) systolic blood pressure, and b) diastolic blood pressure.
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Supplementary Figure 33. Funnel plots investigating the potential for publication bias related to the effects of propolis on a) body weight, b) body mass index, c) total body fat percent, d) fat mass, e) fat-free mass, f) waist circumference, g) hip circumference, h) waist-to-hip ratio, and i) waist-to-height ratio.
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Supplementary Figure 34. Funnel plots investigating the potential for publication bias related to the effects of propolis on a) aspartate aminotransferase, b) alanine aminotransferase, c) AST/ALT ratio, d) alkaline phosphatase, and e) gamma-glutamyl transferase.
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Supplementary Figure 35. Funnel plots investigating the potential for publication bias related to the effects of propolis on a) total cholesterol, b) triglycerides, c) low-density lipoprotein cholesterol, d) high-density lipoprotein cholesterol, e) TC/HDL-C ratio, f) LDL-C/HDL-C ratio, and g) very-low-density lipoprotein cholesterol.
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Supplementary Figure 36. Funnel plots investigating the potential for publication bias related to the effects of propolis on a) fasting blood glucose, b) hemoglobin A1C, c) serum insulin, d) homeostatic model assessment for insulin resistance, e) quantitative insulin sensitivity check index, and f) 2-hour postprandial glucose.
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Supplementary Figure 37. Funnel plots investigating the potential for publication bias related to the effects of propolis on a) interleukin-1B, b) interleukin-6, c) interleukin-10, d) monocyte chemoattractant protein-1, e) tumor necrosis factor-alpha, and f) C-reactive protein.
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Supplementary Figure 38. Funnel plots investigating the potential for publication bias related to the effects of propolis on a) total antioxidant capacity, b) malondialdehyde, c) pro-oxidant–antioxidant balance, d) glutathione, e) glutathione peroxidase, and f) superoxide dismutase.




[image: ]
Supplementary Figure 39. Non-linear dose-response analysis for the effect of honey on a) systolic blood pressure, and b) diastolic blood pressure.
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Supplementary Figure 40. Non-linear dose-response analysis for the effect of honey on a) body weight, and b) body mass index.
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Supplementary Figure 41. Non-linear dose-response analysis for the effect of honey on a) aspartate aminotransferase, and b) alanine aminotransferase.
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Supplementary Figure 42. Non-linear dose-response analysis for the effect of honey on a) total cholesterol, b) triglycerides, c) low-density lipoprotein cholesterol, and d) high-density lipoprotein cholesterol.
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Supplementary Figure 43. Non-linear dose-response analysis for the effect of honey on a) fasting blood glucose, and b) hemoglobin A1C.
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Supplementary Figure 44. Non-linear dose-response analysis for the effect of royal jelly on a) body weight, and b) body mass index.
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Supplementary Figure 45. Non-linear dose-response analysis for the effect of royal jelly on a) aspartate aminotransferase, and b) alanine aminotransferase.
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Supplementary Figure 46. Non-linear dose-response analysis for the effect of royal jelly on a) total cholesterol, b) triglycerides, c) low-density lipoprotein cholesterol, and d) high-density lipoprotein cholesterol.
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Supplementary Figure 47. Non-linear dose-response analysis for the effect of royal jelly on fasting blood glucose.
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Supplementary Figure 48. Non-linear dose-response analysis for the effect of propolis on a) systolic blood pressure, and b) diastolic blood pressure.
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Supplementary Figure 49. Non-linear dose-response analysis for the effect of propolis on a) body weight, and b) body mass index.
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Supplementary Figure 50. Non-linear dose-response analysis for the effect of propolis on a) aspartate aminotransferase, and b) alanine aminotransferase.
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Supplementary Figure 51. Non-linear dose-response analysis for the effect of propolis on a) total cholesterol, b) triglycerides, c) low-density lipoprotein cholesterol, and d) high-density lipoprotein cholesterol.
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Supplementary Figure 52. Non-linear dose-response analysis for the effect of propolis on a) fasting blood glucose, b) hemoglobin A1C, c) serum insulin, and d) homeostatic model assessment for insulin resistance.
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Supplementary Figure 53. Non-linear dose-response analysis for the effect of propolis on a) interleukin-6, b) interleukin-10, and c) tumor necrosis factor-a.
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Supplementary Figure 54. Non-linear dose-response analysis for the effect of propolis on a) total antioxidant capacity, b) malondialdehyde, and c) C-reactive protein.
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Supplementary Figure 55. Linear dose-response analysis for each 1gr increase in honey intake on systolic blood pressure.
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Supplementary Figure 56. Linear dose-response analysis for each 1gr increase in royal jelly intake on low-density lipoprotein cholesterol.
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[bookmark: _Hlk179827062]Supplementary Figure 57. Linear dose-response analysis for each 1gr increase in propolis intake on a) aspartate aminotransferase, and b) alanine aminotransferase.
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Supplementary Figure 58. Linear dose-response analysis for each 1gr increase in propolis intake on a) fasting blood glucose, b) hemoglobin A1C, c) serum insulin, and d) homeostatic model assessment for insulin resistance.
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Supplementary Figure 59. Linear dose-response analysis for each 1gr increase in propolis intake on a) interleukin-6, b) total antioxidant capacity, and c) tumor necrosis factor-a.
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Chiu 2016 : -0.80 (-32.87, 31.27) 0.12
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&uthor year (95% CI) Weight
Conte 2012 Ll 1.44 (0.18, 2.70) 15.99
Fukuda 2015 14 -1.65 (-2.88, -0.43) 16.01
Zhu 2018 - -30.82 (-35.31, -26.32) 12.26
Zakerkish 2019 —4—5— -12.45 (-22.02, -2.88) 6.47
Soleimani 2021 = -2.41(-3.73,-1.09) 15.95
Pahlavani 2022 — -20.24 (-46.22, 5.74) 133
Moayedi 2023 = -0.95 (-1.06, -0.84) 16.41
Baptista 2023 - -8.77 (-10.57, -6.98) 1557
Overall, DL (* = 97.4%, p < 0.000) @ 6.79 (-9.92,-3.67) 100.00

T T
-50 0 50
NOTE: Weights ars rom randoreffects mods!

b) Effect %
author year (95% Cl) Weight
Ebeid 2016 | S 054(050,059) 23.96
Javadi 2018 0 0.47 (0.47,0.48) 33.53
Gholaminejad 2019 - 0.47 (0.46, 0.49) 31.56
Afsharpour 2019 —_— 0.15 (0.01, 0.30) 635
Soleimani 2021 _— 0.23 (0.06, 0.40) 4.60
Overall, DL (I’ = 89.1%, p < 0.000) @ 046 (042,050)  100.00

T T

0 5
NOTE: Weights are from randorm-sffects model

Effect %
author year (95% Cl) Weight
Conte 2012 0.10(-0.12,0.32) 2302
Fukuda 1S  me—— -771.60 (-1304.53, -238.68) 0.00
Afsharpour 2017 -1.86 (-3.23, -0.49) 2083
Zhu 2018 Ld -77.18 (-98.44, -55.93) 085
Zakerkish 2019 | -53.46 (-95.34, -11.58) 022
Gholaminejad 2019 -1.51(-1.90, -1.12) 2289
Darvishi 2020 -0.67 (-7.62,6.28) 6.07
Nikbaf-Shandiz 2022 -0.45 (-6.96, 6.06) 6.66
Baptista 2023 -8.77 (-10.57, -6.98) 19.46
Overall, DL (P = 96.1%, p < 0.000) -3.27 (-5.26, -1.28) 100.00
T T
-1000 0 1000

NOTE: Weights are from random-efects mode!




