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ABSTRACT
Since cardiovascular disease (CVD) is one of the most common and debilitat
ing disorders globally, risk factor modification is an urgent health priority. 
Interestingly, an increasing body of literature has suggested honey, and its 
by-products, can elicit a positive effect on CVD risk factors. Therefore, this 
systematic review aimed to summarize and discuss the outcomes of inter
ventional studies in humans regarding the effects of bee products’ consump
tion on CVD risk factors. The Cochrane Collaboration tool was used for quality 
assessment of the included studies. A total of 23 studies met our inclusion 
criteria. Six studies used natural honey, seven used propolis, and ten admi
nistered royal jelly as the intervention. Natural honey consumption could 
improve lipid profile and anthropometric parameters, and propolis supple
mentation could enhance lipid profile and glycemic markers. Current evi
dence precludes conclusions being made regarding royal jelly and CVD risk 
factors. It seems that honey and propolis consumption could reduce CVD risk 
factors. Overall, in order to confirm the association between bee products 
and CVD risk factors, more clinical trials with adequate sample sizes and 
better methodology should be conducted in the future.
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Introduction

Cardiovascular disease (CVD) may be described as a multifactorial disorder with large mortality rate. 
It is estimated that by 2030, CVD will remain a prominent cause of early mortality, affecting nearly 
23.3 million individuals around the world.[1] Therefore, a concerted effort is needed to decrease its 
prevalence; indeed, a plethora of disorders, including diabetes, hypertension, dyslipidemia, and obesity 
could contribute to CVD risk factors and its increased incidence .[2] Moreover, nutritional and dietary 
factors appear to be independently associated with CVD, and it has been asserted that diet possesses 
a crucial role in CVD, whilst dietary changes represent a fundamental tenet in both the prevention and 
treatment of CVD and related risk factors .[3]

Honey may be regarded as a complementary medicine, and the use of natural honey dates back to 
2000 BC .[4,5] High fructose and glucose content, as well as small amounts of sucrose, are the main 
characteristics of honey and the reason for its sweet taste .[6] Based on previous studies, the antiox
idant, anti-bacterial, and healing effects of honey have been well established 4,5,6. Furthermore, honey 
by-products, including royal jelly and propolis, have garnered empirical attention during recent years. 
Propolis is a sticky, resinous material collected by honeybees from various plants, mixed with wax and 
other secretions .[7] Biological properties of propolis include anticancer, antibacterial, antifungal, 
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antioxidant, anti-inflammatory, and immune system modulatory effects .[8] Royal jelly is produced by 
worker honeybees and containes various essential compounds with biological activities such as free 
amino acids, proteins, sugars, fatty acids, vitamins (thiamine, niacin, riboflavin), and minerals (mainly 
iron and calcium) .[9] It has been reported to possess antioxidant, immunomodulatory, and vasoactive 
properties .[10]

With regards to the above-mentioned conflicting evidence, and the increasing interest in the role of 
honey and its by-products in CVD prevention, this study synthesizes the available evidence to clarify 
the inconsistencies between studies regarding the relationship between bee products’ consumption 
and CVD risk factors. Therefore, to address these issues, we carried out this systematic review of 
interventional studies to evaluate the efficacy of honey and its by-products consumption on CVDs risk 
factors, including anthropometric indices, lipid profile, glycemic markers, and blood pressure in 
general population.

Methods

This systematic review methodology was performed based on the Preferred Reporting Items for 
Systematic Review and Meta-analysis (PRISMA) recommendations .[11]

Search strategy

We selected papers published up to December 2020 by searching PubMed (http://www.ncbi.nlm.nih. 
gov/pubmed), Scopus (http://www.scopus.com), ISI Web of Science (http://www.webofscience.com), 
Cochrane library (http://www.cochranelibrary.com), and Google Scholar (https://scholar.google. 
com). The search was performed using the following combination of terms: (“honey” or “propolis” 
or “bee glue” or “bee bread” or “royal jelly” OR “RJ”) AND (“diabetes mellitus” OR diabetes OR pre- 
diabetes OR diabetic OR “abnormal glucose homeostasis” OR “abnormal glucose tolerance” OR 
“glucose tolerance” OR “glucose homeostasis” OR “glucose intolerance” OR hyperglycemia OR 
“glycemic control” OR “insulin resistance” OR “blood glucose” OR “blood sugar” OR “fasting blood 
glucose” OR “fasting plasma glucose” OR “body weight” OR overweight OR obesity OR “body mass 
index” OR BMI OR “abdominal obesity” OR “morbid obesity” OR “Waist Circumference” OR “LDL 
cholesterol” OR LDL OR “HDL cholesterol” OR HDL OR “VLDL cholesterol” OR VLDL OR 
triglyceride OR TG OR “total cholesterol” OR cholesterol OR hyperlipidemia OR “abnormal lipid 
profile” OR “lipid profile” OR “blood pressure” OR hypertension OR “abnormal blood pressure” OR 
“high blood pressure”) (Table 1). No limitation was placed on the publication date or the language of 
the articles. In addition, the reference lists of the original reports and review articles were scrutinized 
for other relevant studies.

Study selection

After searching the above-mentioned databases, the results were exported to the reference manager 
software Endnote, Version X7 (Thomson Reuters, New York) to remove duplications. Then, publica
tions were screened for eligibility in a step-wise manner. First, titles and abstracts were scanned to 
identify human RCTs that evaluated the effects of honey or its products. Second, the identified studies 
were checked to determine if at least one of the target outcomes including anthropometric indices 
(weight, body mass index [BMI] and waist circumference [WC]), lipid profile (total cholesterol [TC], 
triglyceride [TG], low-density lipoprotein cholesterol [LDL-C)], and high-density lipoprotein choles
terol [HDL-C]), glycemic indices (fasting blood glucose [FBG], 2-hour postprandial glucose [2-h PG] 
and hemoglobin A1C [HbA1C]), or blood pressure was reported. In the final step, the full text of the 
selected studies was carefully reviewed to determine the final eligible publications. Studies with 
intervention duration less than 2 weeks, or those that administrated honey products in combination 
with other compounds were excluded. Conference proceedings, study protocols, and duplicated 
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reports were also rejected. All of these steps were performed by two independent investigators (A.H 
and A.A), and any disagreements were resolved by discussion with a third reviewer (N.R). Eligibility 
criteria for study selection was guided by the following components identified using the PICO 
(Population, Intervention, Comparison, Outcome) framework: P (Adult patients), I (honey, propolis, 
or royal jelly), C (placebo or control group), O (cardiometabolic risk factors including anthropometric 
indices, lipid profile, glycemic indices, and blood pressure).

Data extraction

Characteristics of the studies and participants included first author’s last name, publication date, 
research location, study design, sample size in each group, participants’ demographics (mean age, 
gender, BMI, and health status), follow-up period, type and dosage of intervention, and mean and SD 
of outcome measures at baseline, post-intervention and/or changes in outcome measures from base
line to the end-of-trial. Data extraction procedures were performed by two independent reviewers (A. 
H and A.A) and differences were resolved through consensus. We contacted the corresponding 
authors via e-mail in case further information was required. In addition, if a study provided multiple 
data at different time points, only the latest were considered.

Table 1. Search terms.

Medline (PubMed)

(“honey” or “propolis” or “bee glue” or “bee bread” or “royal jelly” OR “RJ”) 
AND 
(“diabetes mellitus” OR diabetes OR pre-diabetes OR diabetic OR “abnormal glucose homeostasis” OR “abnormal glucose 
tolerance” OR “glucose tolerance” OR “glucose homeostasis” OR “glucose intolerance” OR hyperglycemia OR “glycemic control” 
OR “insulin resistance” OR “blood glucose” OR “blood sugar” OR “fasting blood glucose” OR “fasting plasma glucose” OR “body 
weight” OR overweight OR obesity OR “body mass index” OR BMI OR “abdominal obesity” OR “morbid obesity” OR “Waist 
Circumference” OR “LDL cholesterol” OR LDL OR “HDL cholesterol” OR HDL OR “VLDL cholesterol” OR VLDL OR triglyceride OR TG 
OR “total cholesterol” OR cholesterol OR hyperlipidemia OR “abnormal lipid profile” OR “lipid profile” OR “blood pressure” OR 
hypertension OR “abnormal blood pressure” OR “high blood pressure”)

Scopus
(“honey” or “propolis” or “bee glue” or “bee bread” or “royal jelly” OR “RJ”) 

AND (“diabetes mellitus” OR diabetes OR pre-diabetes OR diabetic OR “abnormal glucose homeostasis” OR “abnormal glucose 
tolerance” OR “glucose tolerance” OR “glucose homeostasis” OR “glucose intolerance” OR hyperglycemia OR “glycemic control” 
OR “insulin resistance” OR “blood glucose” OR “blood sugar” OR “fasting blood glucose” OR “fasting plasma glucose” OR “body 
weight” OR overweight OR obesity OR “body mass index” OR BMI OR “abdominal obesity” OR “morbid obesity” OR “Waist 
Circumference” OR “LDL cholesterol” OR LDL OR “HDL cholesterol” OR HDL OR “VLDL cholesterol” OR VLDL OR triglyceride OR TG 
OR “total cholesterol” OR cholesterol OR hyperlipidemia OR “abnormal lipid profile” OR “lipid profile” OR “blood pressure” OR 
hypertension OR “abnormal blood pressure” OR “high blood pressure”): ti,ab,kw

Web of Science
#1. TS = (“honey” or “propolis” or “bee glue” or “bee bread” or “royal jelly” OR “RJ”) 

#2. TS = (“diabetes mellitus” OR diabetes OR pre-diabetes OR diabetic OR “abnormal glucose homeostasis” OR “abnormal 
glucose tolerance” OR “glucose tolerance” OR “glucose homeostasis” OR “glucose intolerance” OR hyperglycemia OR “glycemic 
control” OR “insulin resistance” OR “blood glucose” OR “blood sugar” OR “fasting blood glucose” OR “fasting plasma glucose” OR 
“body weight” OR overweight OR obesity OR “body mass index” OR BMI OR “abdominal obesity” OR “morbid obesity” OR “Waist 
Circumference” OR “LDL cholesterol” OR LDL OR “HDL cholesterol” OR HDL OR “VLDL cholesterol” OR VLDL OR triglyceride OR TG 
OR “total cholesterol” OR cholesterol OR hyperlipidemia OR “abnormal lipid profile” OR “lipid profile” OR “blood pressure” OR 
hypertension OR “abnormal blood pressure” OR “high blood pressure”) 
#3. #1 AND #2

Cochrane Library
#1 (“honey” or “propolis” or “bee glue” or “bee bread” or “royal jelly” OR “RJ”): ti, ab, kw 

#2 (“diabetes mellitus” OR diabetes OR pre-diabetes OR diabetic OR “abnormal glucose homeostasis” OR “abnormal glucose 
tolerance” OR “glucose tolerance” OR “glucose homeostasis” OR “glucose intolerance” OR hyperglycemia OR “glycemic control” 
OR “insulin resistance” OR “blood glucose” OR “blood sugar” OR “fasting blood glucose” OR “fasting plasma glucose” OR “body 
weight” OR overweight OR obesity OR “body mass index” OR BMI OR “abdominal obesity” OR “morbid obesity” OR “Waist 
Circumference” OR “LDL cholesterol” OR LDL OR “HDL cholesterol” OR HDL OR “VLDL cholesterol” OR VLDL OR triglyceride OR TG 
OR “total cholesterol” OR cholesterol OR hyperlipidemia OR “abnormal lipid profile” OR “lipid profile” OR “blood pressure” OR 
hypertension OR “abnormal blood pressure” OR “high blood pressure”):ti, ab, kw
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Quality assessment

The Cochrane Collaboration tool was used to assess the quality of the studies by a single investigator 
(A.H) .[12] The quality assessment results were also confirmed by a second investigator (A.A). The 
following methodological domains were considered: random sequence generation, allocation conceal
ment, blinding of participants and personnel, blinding of outcome assessments, incomplete outcome 
data, selective reporting, and other biases. Each item was scored as a low, unclear, or high risk of bias.

Result

Search results

Our initial search identified 7974 articles, and after removing duplicates, the remaining 5256 papers 
were screened based upon title and abstracts by two independent reviewers. A total of 37 articles full- 
texts were retrieved and reviewed, and finally 23 publications met our inclusion criteria and were 
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Figure 1. The flow diagram of study selection.
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included in our systematic review. The PRISMA flow diagram summarizes the results of the study 
selection process for this systematic review (Figure 1).

Overview of the included studies

Eligible studies were conducted between 2007 and 2020, and the mean age of the participants was 
between 22 and 63. Of 23 included articles, 6 recruited healthy subjects ,[13–18] while 11 were 
conducted among diabetic or pre-diabetic patients ,[8,19–28] and others included patients with chronic 
kidney disease (CKD) ,[29] dry eye disease ,[30] hypercholesterolemic patients ,[31] nonalcoholic fatty 
liver disease (NAFLD) ,[32] and overweight subjects .[33,34] Studies were mostly conducted in Iran 
(n = 14)[8,16,17,19,20,22–28,,3233] or Japan (n = 4) ,[13,14,21,30] and the others were carried out in Brazil ,[29] 

Chile ,[15] Turkey ,[18] Slovenia ,[34] and Taiwan .[31] Two studies used only female subjects ,[23,25] three 
recruited males ,[16–18] and the remaining studies used both genders as participants. Regarding risk of 
bias of the included studies, most studies were ranked as good/fair and only two[13,20] were of poor 
quality. Characteristics of the included studies are detailed in Table 2.

Effects of natural honey consumption

The effects of natural honey consumption on glycemic markers, anthropometric measures, lipid 
profile, or blood pressure were examined in 6 clinical trial studies .[16,17,20,26,28,33]

In 2009, Bahrami et al. conducted a randomized controlled clinical trial to evaluate the effects of 
natural honey consumption in diabetic patients. In this study, forty-eight diabetic patients were 
randomly assigned to the honey group and received natural honey orally (first 2 weeks, 1 g/kg/ 
day; second 2 weeks, 1.5 g/kg/day; third 2 weeks, 2 g/kg/day; and last 2 weeks, 2.5 g/kg/day) for 
8 weeks, and the control group did not consume honey. Results revealed significant improvements in 
weight, TC, LDL, and TG in the honey-administered group compared with the controls (P < .05) .[20] 

Similarly, a randomized controlled crossover clinical trial was conducted on 53 patients with T2DM, 
who were randomly divided into groups of control (weight maintenance diet) or treatment (weight 
maintenance diet +50 g/day honey) for 8 weeks. Increased HbA1c and decreased WC of patients with 
T2DM were indicated following honey consumption .[26] In a further study, the effects of natural 
honey on lipid profile, FBG, and weight in overweight individuals were investigated .[33] In this RCT, 
55 overweight/obese patients were randomly allocated to receive either 70 gr/day honey or sucrose for 
a maximum of 30 days, and the authors reported a mild reduction in weight and body fat in the 
intervention group .[33] Further, honey consumption yielded improvements in FBG and lipid profile, 
particularly in subjects with elevated risk factors .[33] In another study, sixty healthy subjects, aged 18 
to 30 years, were randomly assigned to receive 70 gr/day honey or sucrose for a month, and FBG was 
shown to be decreased as a result of honey consumption (P < .05). However, this study failed to show 
any beneficial effects of honey intake on BP .[16] Furthermore, there is evidence indicating that 
consumption of honey can lower TC, TG, and LDL, and lead to higher HDL in a normal population 
(P < .05) .[17] The last study was done by Sadeghi et al. among 43 patients with T2DM using cross-over 
design .[28] Consumption of 50 g/day of honey for 8 weeks did not change any of the lipid profile 
parameters including TC, TG, LDL, and HDL (P > .05).

Effects of propolis supplementation

The effects of propolis supplementation on glycemic indices or lipid profile were examined in 7 clinical 
trials .[8,15,19,21,27,29,32]

In 2019, Afsharpour et al. conducted a randomized, double-blind, placebo-controlled study and 
reported a significant reduction in the FBG and 2-h PG in T2DM patients treated with propolis 
(500 mg, 3 x daily for 8 weeks) compared with the placebo group (P < .05) .[19] Furthermore, Mujica 
et al. in 2017, evaluated the efficacy of propolis supplementation on the modulation of lipids in 
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a human population in Talca, Chile, and showed a significant improvement (P < .05) in HDL in those 
receiving propolis for 90 days .[15] In another study, 66 patients with T2DM were recruited and 
randomly allocated to the intervention group to receive 300 mg propolis three times a day, or the 
control group who received similar capsules without propolis, on the same schedule for 12 weeks. The 
results yielded a significant reduction in FBG, HbA1c, TC, and LDL (P < .05) in patients compared to 
controls .[8] Zakerkish et al. designed a study to evaluate the effects of Iranian propolis extract on 
glucose metabolism and lipid profile in patients with T2DM who were randomly divided into an 
Iranian propolis group (1000 mg/day) (n = 50) and a placebo group (n = 44) for 90 days. A significant 
decrease in the serum levels of HbA1c and 2-h PG, along with a notable elevation in serum HDL in the 
propolis group compared with the placebo group was documented .[27] Thirty-two patients with CKD, 
18–90 years of age, were randomly assigned to receive 12 months of Brazilian green propolis extract at 
a dose of 500 mg/day (n = 18) or placebo (n = 14) in a randomized, double-blind, placebo-controlled 
study done by Silveira et al. .[29] However, the authors reported that no statistical differences between 
groups were observed during follow up in terms of HbA1c or mean systolic and diastolic blood 
pressure. Similarly, results of another study following a randomized, double-blind design failed to 
show any significant differences (P < .05) in parameters of glucose and lipid metabolism among 80 
patients with T2DM who received 226.8 mg/day of Brazilian green propolis (n = 41) or placebo 
(n = 39) for 8 weeks .[21] The last evidence among the Iranian population indicated that consumption 
of 500 mg/day propolis in 54 NAFLD patients did not improve any of the cardio-metabolic risk factors 
after 4 months .[32]

Effects of royal jelly supplementation

The effects of royal jelly supplementation on glycemic indices or lipid profile were examined in 10 
clinical trials .[13,18,22–25,30,31,34]

Mobasseri et al. conducted a pilot study to determine the efficacy of royal jelly supplementation to 
improve lipid profile in T2DM women. Fifty participants (30–65 years old) were randomly assigned to 
receive 1000 mg/day royal jelly soft gel or placebo for 2 months. In the treatment group, a significant 
reduction in the mean serum TG (P = .01) and TC levels (P = .004) was reported, while in the placebo 
group, the results were not statistically significant (P < .05) .[23] In Chiu et al. study, the authors 
examined the hypo-cholesterolemic properties of royal jelly in healthy mild hyper-cholesterolemic 
adults [30]. 40 subjects in the experimental or placebo groups were prescribed to take nine capsules 
(350 mg/capsule) of royal jelly or placebo every day, respectively. Serum TC and LDL levels were 
significantly reduced (P < .05) after administration of royal jelly with no significant changes in 
anthropometric parameters, TG, or HDL levels. Guo et al. evaluated the benefits of royal jelly in 
healthy adults where fifteen volunteers were enrolled and randomly allocated to the intervention 
group (6 gr/d of royal jelly) or control for 4 weeks. They reported significant reductions (P < .05) in TC 
and LDL compared to the controls .[13] In another attempt to determine the effects of royal jelly intake 
on serum glucose in patients with T2DM, fifty patients (20–65 years of age) were allocated in the 
intervention and control groups and given 1000 mg royal jelly or placebo 3 times a day for 8 weeks, 
respectively. Significant improvements (P = .011) in glucose concentrations due to royal jelly con
sumption were indicated as compared to the controls .[22] Likewise, in 2012, Pourmoradian et al. 
assessed the efficacy of royal jelly supplementation in weight management among fifty female diabetic 
patients (aged 30–65 years) who were assigned into supplementation (n = 25) and placebo (n = 25) 
groups, given a daily dose of 1000 mg royal jelly soft gel or placebo, for 8 weeks, respectively. Results of 
the aforementioned study revealed significantly (P < .01) lower mean weight in the intervention group, 
in addition to an insignificant increase in the placebo group .[25] Based on another investigation, royal 
jelly supplementation (1000 mg for 8 weeks) appeared to be efficacious in the reduction of FBG 
(P = .006) and systolic blood pressure (P = .02) in patients with type 2 diabetes .[24] However, in 
another study, different levels of royal jelly were found to be ineffective (P < .05) on glucose, TC, HDL, 
LDL, and TC in 40 randomly selected male swimmers, aged 18 to 25 years, after receiving 500 mg, 1, 
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and 2 g/day of royal jelly throughout the 30 day-exercise program .[18] Similarly, there were no 
apparent effects of royal jelly on anthropometric measurements or serum lipids in 56 healthy 
volunteers (aged 42–83 years).[14] Finally, a report by Petelin et al. among asymptomatic overweight 
adults revealed that consumption of royal jelly (2 g/day) for 8 weeks decreased TC significantly among 
the intervention group compared to the control (P < .05) .[34]

Discussion

Diverse dietary patterns, dietary restrictions, and nutritional supplements are widely reported to be 
used by patients in order to reduce CVD risk factors, and many subjects claim beneficial effects from 
these dietary interventions .[35] This systematic review has summarized the available literature on the 
efficacy of bee products, including honey, propolis, and royal jelly, on CVD risk factors, such as 
anthropometric indices, lipid profile, glycemic markers, and blood pressure in general population.

For studies investigating the effect of natural honey on CVD risk factors; the quality of included 
studies ranked from low[20] to high .[16,17,26,33] It seems that natural honey consumption is more 
beneficial in the improvement of lipid profile and anthropometric measures, as compared to glycemic 
markers. Also, there is a lack of evidence to suggest a dose-dependent effects of honey consumption on 
these markers. There are some points which should be taken into account when interpreting the 
results. First, all of the studies were conducted in Iran, which precludes the generalization of the 
results. Second, honey has been administered mainly as a food item, and only two studies blinded 
participants. So, the beneficial properties of honey might be influenced somehow by systematic error 
(Bias). Third, included studies have involved different participants with different health conditions, 
which likely cause high heterogeneity. Fourth, the included studies have used honey with different 
flower origins, which makes their effectiveness variable based upon their species .[36]

Natural honey contains several minerals and antioxidants that could elevate serum levels of 
antioxidants including ascorbic acid, beta-carotene, uric acid, glutathione reductase, and total phe
nolic content of plasma .[37] These antioxidants, via exacerbation of diet-induced thermogenesis, could 
promote weight loss. This mechanism could represent a probable explanation for weight loss observed 
following honey consumption .[20] Furthermore, honey contains oligosaccharides which can delay 
gastric emptying, slow digestion rate, and prolong satiety .[38] Additionally, modulation of appetite- 
regulating hormones, such as ghrelin and peptide YY, may explain the anti-obesity effects of natural 
honey .[39] It has been reported that honey consumption could reduce plasma and urinary prosta
glandin E2, prostaglandin F2-alpha, and thromboxane B2 which could explain the anti-inflammatory 
effects of honey .[40] Moreover, honey contains fructose, zinc, and copper, which are crucial for insulin 
and glucose metabolism .[20] Indeed, in 1976, fructose was introduced as a remedy for diabetic patients 
,[41] although, further studies revealed negative effects in long term usage of fructose such as the 
development of insulin resistance, diabetes, obesity, and CVD; it may be concluded that components 
other than fructose, such as antioxidants, can contribute to beneficial effects of honey on glycemic 
markers since long term honey consumption does not exert negative effects comparable to fructose 
.[42] Recently, the high content of fructose in western diets has been suggested to be involved in 
lipogenesis .[43] Exposure of the liver to large amounts of fructose acts as stimuli for lipogenesis and 
triglyceride accumulation, which in turn leads to reduced insulin sensitivity and hepatic insulin 
resistance/glucose intolerance .[20] So, it is conceivable that the hypolipidemic effects of honey could 
be attributed to some unknown substances. It has been proposed that natural honey might improve 
the lipid profile by its antioxidant properties .[20,44,45] Other hypolipidemic effects of honey could be 
exerted through the following pathways: increased cholesterol secretion through bile, improvement in 
lipid metabolism, and its catabolism which have been attributed to its antioxidant content, and 
reduction in free radicals that decrease the accumulation of fat .[20,46] Furthermore, natural honey 
consumption could stimulate insulin secretion, which can increase lipid biosynthesis and reduce 
lipolysis, and as a result, lower serum levels of lipids are observed .[17,47] It should be mentioned 
that the ratio of fructose to glucose in natural honey varies depending on floral source and climate 

INTERNATIONAL JOURNAL OF FOOD PROPERTIES 123



circumstances from 0.46 to 1.62. This ratio is an important factor in determining the usefulness of the 
honey and also explaining the probable inconsistencies between studies .[26,48]

For studies investigating the effects of propolis supplementation on CVD risk factors; all of the 
included studies were categorized as high quality, except one .[49] It appears that propolis supplemen
tation might improve glycemic and lipid profile parameters in a dose-dependent manner; where 
propolis supplementation of ≥1000 mg/day revealed greater improvements in glycemic and lipid 
profile parameters. However, the following points should be considered before making a final con
clusion. All of the included articles were conducted in Asia and South America, which makes the 
generalizability of the findings difficult. Also, there appears to be heterogeneity among studies in terms 
of participants’ health status, study duration, administered dose of propolis, and its origins.

Propolis has been traditionally used to treat infections, but recent evidence has revealed its value as 
an antioxidant and/or in the management of non-communicable diseases such as diabetes, athero
sclerosis, and cancer .[15] Propolis is known as a good source of polyphenols and flavonoids, which are 
related to flora surrounding the hives. In other words, propolis composition and antioxidant activity 
vary based on geographical area, which should be taken into account when interpreting the results of 
the included studies .[50,51] Propolis has the ability to reduce reactive oxygen species (ROS) via two 
pathways, which explain its antioxidant activity. First, activation of transcription factor NrF2 by caffeic 
acid phenethyl ester (CAPE) .[52] NrF2 is a modulatory protein linked with anti-oxidant protection 
and enhancement of antioxidant enzymes .[15] The second mechanism could be mediated by the direct 
antioxidant activity of phenolic and flavonoid compounds like cinnamic acid, apigenin, quercetin, 
CAPE, p-vanillin, and p-coumaric acid .[53] Experimental studies have suggested that propolis could 
reduce blood pressure through a nitric oxide pathway, acetylcholine-induced vasodilation, and anti
oxidant activity .[29] In addition, the hypoglycemic properties of propolis could be attributed to 
flavonoids’ antioxidant activity and suppression of free radicals .[54,55] Glycemic control achieved 
through propolis supplementation might be elicited via decreased insulin resistance, modulation of 
oxidative stress, reducing the production of inflammatory elements, increasing the adiponectin levels, 
increasing glucose uptake by tissues, inhibition of carbohydrate digestive enzymes especially alpha- 
amylase and alpha-glycosidase .[56] Indeed, further studies have supported some of these proposed 
mechanisms[57]; for example, Elissa et al reported that a decrease in tumor necrosis factor-α level could 
result in decreased insulin resistance, ultimately lowering fasting blood glucose level .[57] Furthermore, 
Elissa et al also reported that propolis could increase the activity of glucose transporter-4 by reducing 
insulin resistance .[57] Finally, propolis could improve lipid profile parameters, including reduction of 
serum LDL and TC, and elevation of HDL. Propolis can enhance liver ATP-binding cassette trans
porters A1 and G1 (ABCA1 and ABCG1) protein expression, which is accompanied by cholesterol 
efflux from peripheral tissue; in addition to upregulating ApoA-1-mediated cholesterol efflux by 
macrophages .[15]

For studies assessing the effect of royal jelly supplementation on CVD risk factors; the inconsistency 
in the reported results precludes any general conclusion. The methodological quality of the included 
studies was high except for one study .[13] The included studies were variable in terms of health status, 
age, and BMI, which could influence the final results. Furthermore, studies also used diverse doses of 
royal jelly with different follow-up periods that render proper comparison impractical. Finally, most of 
the studies were conducted in Asian countries, which subsequently diminishes the external validity of 
the results.

Hypolipidemic properties of royal jelly might be attributable to its protein content ,[13] inhibition of 
pancreatic lipase, diminution of dietary fat absorption ,[58] and reduction in the cholesterol hepatic 
biosynthesis and other sterols by reducing the expression of Squalene Epioxidase (SQLE), which is the 
key enzyme in cholesterol biosynthesis .[59] Furthermore, reductions in sterol regulatory element- 
binding protein (SREB1) and increases in LDL-c and VLDL receptor gene expression in the liver 
upsurges cholesterol uptake by hepatocytes .[13,23] In addition to hypolipidemic effects, royal jelly could 
exert anti-oxidant, anti-inflammatory, and hypoglycemic effects; indeed, it has been reported that an 
anti-inflammatory component of royal jelly (Honey Bee Royal Jelly Anti-inflammatory Factor-HBRJ- 
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AIF) might be beneficial in reducing pro-inflammatory cytokine secretions, such as interleukin-6 (IL-6), 
IL-2 and IL-4. It has also been suggested that major Royal Jelly Protein3 (MRJP3) is responsible for its 
anti-inflammatory effects .[60,61] Finally, it is demonstrable that insulin resistance is related to changes in 
oxidative stress status; royal jelly has protective effects against oxidative stress through its antioxidant 
peptides, and thus, can enhance insulin resistance via its antioxidant properties .[22,62]

It should be taken into account that HbA1c represents the mean value of blood glucose during the 
past three months. So it seems inappropriate to attribute the observed changes in this variable to bee 
products that were administered for lower than 12 weeks and this important point should be 
mentioned as a limitation of included studies.

The present study has some limitations that warrant consideration. First, significant heterogeneity 
was present between included studies that might be explained by different population characteristics, 
including age, BMI, health status, ethnicity, different dosages of administered bee products, different 
follow-up durations, and variation in bee products’ origin among studies. Second, most of the 
included studies were conducted in Asia, which, generally, precludes the generalization of the results. 
Third, despite several adjustments for different confounders in the included studies, residual con
founding cannot be excluded. Despite our study limitations, this is the first systematic review to have 
assessed the effects of bee products on CVD risk factors.

Conclusion

It is apparent that natural honey consumption could improve lipid profile and anthropometric 
parameters, and propolis supplementation could enhance lipid profile and glycemic markers. 
Currently, available evidence precludes the establishment of a firm link between royal jelly and 
CVD risk factors. Finally, to ascertain an overall effect of the association between bee products and 
CVD risk factors, more clinical trials with adequate sample size and well-controlled methodologies 
should be conducted in the future.
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