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Background: Type 2 Diabetes Mellitus (T2DM) poses a significant global health 
challenge. Propolis, a natural bioactive compound, is proposed to modulate 
glucose and lipid metabolism and exert anti-inflammatory effects. However, 
previous reviews have limited scope, and the effects of propolis on T2DM remain 
debated, particularly concerning lipid profiles, glycemic control, inflammation, 
and oxidative stress.
Methods: A systematic search was conducted across Chinese National 
Knowledge Infrastructure (CNKI), VIP, SinoMed, Wanfang Data, PubMed, 
Cochrane Library, Embase, Scopus, and Web of Science, with the search time 
limit set from the establishment of the databases to 20 May 2025. Study quality 
was assessed using the Cochrane Risk of Bias Assessment Tool version 2 (ROB 
2); evidence quality was evaluated via the Grading of Recommendations, 
Assessment, Development, and Evaluation (GRADE) approach; and meta-
analysis was performed using RevMan 5.4.
Results: In total, 12 randomized controlled trials (RCTs) with 731 participants were 
included in this study. Propolis supplementation significantly increased high-
density lipoprotein cholesterol (HDL-C) levels (mean difference (MD) = 0.13, 95% 
CI 0.10–0.16, p < 0.00001), and reduced low-density lipoprotein cholesterol 
(LDL-C) (MD = −0.32, 95% CI: −0.56 to −0.08; p = 0.009) and triglyceride (TG) 
levels (MD = −0.15, 95% CI: −0.30 to −0.01; p = 0.04). It also improved glycemic 
control, lowering fasting blood sugar (FBS) (MD = −1.13, 95% CI: −2.00 to −0.27, 
p = 0.01), homeostasis model assessment of insulin resistance (HOMA-IR) 
(MD = −0.95, 95% CI: −1.36 to −0.55, p < 0.00001), and glycosylated hemoglobin 
(HbA1c) (MD = −0.44, 95% CI: −0.78 to −0.11, p = 0.01). Furthermore, propolis 
significantly reduced C-reactive protein (CRP) (MD = −2.68, 95% CI: −3.48 to 
−1.89, p < 0.00001). However, no significant effects were observed for total 
cholesterol (TC), tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), 
superoxide dismutase (SOD), or malondialdehyde (MDA).
Conclusion: Propolis may improve lipid and glucose profiles and reduce 
inflammation in T2DM. While current evidence does not confirm significant 
effects on oxidative stress markers, considering the limitations of existing clinical 

OPEN ACCESS

EDITED BY

Shaohua Qi,  
Houston Methodist Research Institute, 
United States

REVIEWED BY

Jin-Long Tian,  
Shenyang Agricultural University, China
Mohammed Faris Abdulghani,  
University of Nineveh, Iraq
Ahmed S. El Newehy,  
King Saud University, Saudi Arabia

*CORRESPONDENCE

Qian Zhang  
 zhangqian@sxbqeh.com.cn

RECEIVED 25 June 2025
ACCEPTED 16 September 2025
PUBLISHED 09 October 2025

CITATION

Zhang Y, Ding S, Li W, Wang X, Lv J, Niu Q and 
Zhang Q (2025) Propolis effects on blood 
sugar and lipid metabolism, inflammatory 
indicators, and oxidative stress in people with 
type 2 diabetes: a systematic review and 
meta-analysis.
Front. Nutr. 12:1653730.
doi: 10.3389/fnut.2025.1653730

COPYRIGHT

© 2025 Zhang, Ding, Li, Wang, Lv, Niu and 
Zhang. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE  Systematic Review
PUBLISHED  09 October 2025
DOI  10.3389/fnut.2025.1653730

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2025.1653730&domain=pdf&date_stamp=2025-10-09
https://www.frontiersin.org/articles/10.3389/fnut.2025.1653730/full
https://www.frontiersin.org/articles/10.3389/fnut.2025.1653730/full
https://www.frontiersin.org/articles/10.3389/fnut.2025.1653730/full
https://www.frontiersin.org/articles/10.3389/fnut.2025.1653730/full
https://www.frontiersin.org/articles/10.3389/fnut.2025.1653730/full
https://www.frontiersin.org/articles/10.3389/fnut.2025.1653730/full
mailto:zhangqian@sxbqeh.com.cn
https://doi.org/10.3389/fnut.2025.1653730
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2025.1653730


Zhang et al.� 10.3389/fnut.2025.1653730

Frontiers in Nutrition 02 frontiersin.org

studies and positive basic research findings, its potential antioxidant effects 
require validation through high-quality RCTs.
Systematic review resistration: This study was registered with PROSPERO 
(registration number: CRD42024577722) https://www.crd.york.ac.uk/
PROSPERO/#loginpage.

KEYWORDS

propolis, type 2 diabetes mellitus, glycolipid metabolism, inflammatory markers, 
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Introduction

Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder 
characterized by insulin resistance and dysfunction of pancreatic β-cells. 
It accounts for over 90% of global diabetes cases and exhibits a trend 
toward younger onset, and represents a major public health burden (1, 2). 
Globally, 537 million adults live with diabetes, a number projected to 
exceed 700 million by 2045. Approximately 40% of these individuals may 
develop chronic kidney disease (CKD) (3). The World Health 
Organization (WHO) reports that over half of patients do not adhere to 
regular medication, particularly in low- and middle-income countries 
with poor treatment coverage, increasing risks for complications like 
blindness, renal failure, and cardiovascular disease (4).

Current T2DM management relies heavily on pharmacological 
glucose control, but this approach carries significant safety 
concerns (5–8). For example, a regional study in Asia found that 
35.8% of T2DM patients using oral hypoglycemic agents 
experienced hypoglycemia within 6 months (6). Sulfonylurea 
medications can impair hypoglycemia awareness and potentially 
cause severe complications such as cognitive dysfunction and 
arrhythmias (7). Thiazolidinediones are also linked to an 
increased risk of fractures and bladder cancer (9). Therefore, 
exploring safe, cost-effective, and efficient complementary 
therapies for T2DM is crucial.

Various plant-derived bioactive compounds have been 
investigated for T2DM adjunctive treatment, yet many show limited 
efficacy or practical application issues. For instance, curcumin has 
notable anti-inflammatory and antioxidant properties and 
demonstrated hypoglycemic potential in clinical trials, but its low oral 
bioavailability severely restricts clinical translation (10). Similarly, 
while okra may temporarily lower fasting blood glucose, it does not 
significantly improve glycated hemoglobin (HbA1c) levels (11). In 
contrast, propolis, as a natural nutraceutical with historical medicinal 
applications (12), appears more promising for T2DM intervention. It 
shows potential for improving insulin resistance, protecting pancreatic 
β-cell function, and has comparatively better absorption/utilization 
(13), possibly addressing current treatment limitations.

Propolis (14) is a natural substance collected by bees from plant 
sources like bark crevices and leaf buds, used by humans since ancient 
times and documented in pharmacopeias 4 centuries ago (15, 16). It 
is rich in beneficial bioactive non-nutrients, including flavonoids, 
polyphenols, and terpenes, with flavonoids being the most abundant 
and primary bioactive components (17, 18). It finds numerous 
applications in the treatment of various diseases (13, 19–22). Propolis 
has numerous applications, including antibacterial, antiviral, and anti-
inflammatory effects, improving gut microbiota, promoting wound 
healing, and immune modulation (22–24).

While previous systematic reviews have investigated propolis 
effects on specific parameters such as blood glucose or lipids 
(25–28), they were often limited by a narrow focus on single 
outcomes or considerable heterogeneity among included 
populations. Consequently, a comprehensive assessment of its 
efficacy specifically in patients with T2DM is still lacking. 
Moreover, existing studies examining the effects of propolis on 
blood lipids (29–34), blood glucose (31–35), inflammatory 
markers (31, 32), and oxidative stress markers (35–38) in T2DM 
have reported inconsistent results. To address these gaps, this 
study systematically reviewed randomized controlled trials (RCTs) 
from Chinese and English databases. It aims to comprehensively 
evaluate the overall effects of propolis supplementation on 
multiple metabolic indicators in T2DM and to analyze the 
influence of factors such as dosage and intervention duration on 
therapeutic outcomes, thereby providing robust evidence to 
support its clinical application in diabetes management.

Materials and methods

This study was registered with PROSPERO (registration number: 
CRD42024577722).1 During the compilation of this manuscript, it 
strictly abided by the guidelines outlined in the Primary Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) (39).

Inclusion criteria

Participants: Adults aged ≥18 years diagnosed with T2DM based 
on clinical criteria (40).

Interventions: The intervention group was treated with propolis 
(capsules, tablets, etc.).

Control: The control group received a conventional intervention 
or placebo.

Outcome: The primary outcomes were as follows: lipid 
indicators, including low-density lipoprotein cholesterol (LDL-C), 
total cholesterol (TC), triglycerides (TG), and high-density 
lipoprotein cholesterol (HDL-C); and glycemic markers, namely 
fasting blood sugar (FBS), glycosylated hemoglobin (HbA1c), and 
homeostasis model assessment of insulin resistance (HOMA-IR). 
The secondary outcomes were as follows: inflammatory markers 
such as C-reactive protein (CRP), tumor necrosis factor alpha 

1  https://www.crd.york.ac.uk/PROSPERO/#loginpage

https://doi.org/10.3389/fnut.2025.1653730
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.crd.york.ac.uk/PROSPERO/#loginpage
https://www.crd.york.ac.uk/PROSPERO/#loginpage
https://www.crd.york.ac.uk/PROSPERO/#loginpage


Zhang et al.� 10.3389/fnut.2025.1653730

Frontiers in Nutrition 03 frontiersin.org

(TNF-α), interleukin-6 (IL-6); and oxidative stress markers, 
including superoxide dismutase (SOD) and malondialdehyde 
(MDA). The studies must provide data on at least one 
outcome parameter.

Study design: Randomized controlled trials (RCTs).

Exclusion criteria

(1) Studies on propolis combined with other drugs/active 
substances; (2) Studies that are replications of published studies; (3) 
Studies for which the full text or incomplete data were unavailable; (4) 
Reviews, conference abstracts, animal experimental studies, etc.

Search strategy

Two researchers independently searched nine databases (China 
National Knowledge Infrastructure (CNKI), Wanfang Data, VIP, 
SinoMed, PubMed, Cochrane Library, Embase, Scopus, and Web of 
Science) from inception to 20 May 2025. A hybrid search strategy 
combining subject headings with free terms was employed. The 
detailed search strategy is provided in Additional File 1.

Literature screening and data extraction

Two researchers independently conducted literature searches 
and imported the retrieved records into EndNote 21 reference 
management software to remove duplicates. Subsequently, titles 
and abstracts were screened to exclude irrelevant studies. Full-texts 
were then assessed against the inclusion and exclusion criteria to 
identify eligible studies. Data extraction was performed 
independently by the two researchers, with information including 
publication year, first author, sample size, participant 
characteristics, propolis dosage, propolis formulation, intervention 
duration, and outcome measures.

Literature quality assessment

The quality of the included studies was assessed using the 
Cochrane Risk of Bias tool for Randomized Trials, version 2 (RoB 2) 
(39). The evaluation dimensions included the randomization process, 
deviation from the intended interventions, missing outcome data, 
measurement of outcomes, and selection of reported results. The 
assessment results were presented in the form of a risk of bias graph. 
Based on the risk of bias results, each study was categorized as “high 
risk,” “some concerns,” or “low risk.” In cases of disagreement during 
this process, a third researcher acted as an arbiter to reach a 
final consensus.

Evidence quality assessment

The certainty of evidence was evaluated using the Grading of 
Recommendations, Assessment, Development, and Evaluations 
(GRADE) framework. According to GRADE, the initial quality of 

evidence from randomized controlled trials (RCTs) was classified as 
high. This rating could be downgraded to moderate, low, or very low 
if limitations were identified in any of the five domains: Risk of bias, 
Inconsistency, Indirectness, Imprecision, or Publication bias. 
Conversely, evidence quality could be upgraded in cases of substantial 
effect magnitudes or observed dose–response gradients. 
Disagreements during assessment were resolved through arbitration 
by a third researcher to achieve consensus.

Data analysis methods

Meta-analysis of included studies was performed using Review 
Manager 5.4. Results were presented in forest plots. Heterogeneity was 
assessed; a fixed-effects model was utilized if p ≥ 0.1 and I2 ≤ 50%; 
otherwise, a random-effects model was adopted. To identify potential 
sources of heterogeneity, subgroup analyses were performed based on 
intervention dosage and duration. A sensitivity analysis, in which each 
study was sequentially removed, confirmed the robustness of the pooled 
estimates. Publication bias was assessed with funnel plots and Egger’s test 
for outcomes involving 10 or more studies; for outcomes with fewer 
studies, these tests were considered underpowered. All outcome measures 
were standardized continuous variables, and the effect size was expressed 
as the weighted mean difference (MD) with 95% confidence interval 
(CI). A p-value less than 0.05 was considered statistically significant.

Results

Literature search results

A total of 1,086 relevant literature was obtained from the 
preliminary search database, and after excluding 489 duplicate 
literatures, 597 literatures remained. After the titles and abstracts 
were assessed, 564 studies that failed to meet the inclusion criteria 
were eliminated. Yielding 23 potentially eligible publications. 
Upon further evaluation of the full texts, 11 publications were 
excluded. Consequently, a total of 12 publications were 
incorporated into the final analysis. The details of the literature 
selection process and outcomes are presented in Figure 1.

Basic characteristics of the included 
studies

This study included a total of 12 trials involving 731 patients, 
comprising 371 in the propolis experimental group and 360 in the 
placebo control group. All included studies provided descriptions 
of the baseline characteristics for both groups and reported the 
outcome measures, ensuring comparability. The basic information 
of the included studies is presented in Tables 1, 2.

Methodological quality of the included 
studies

The quality of the methodologies employed in the 12 included 
studies was systematically reviewed via the Cochrane Risk of Bias 
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Assessment Tool, version 2 (RoB 2) (39). All studies were randomized 
controlled trials (RCTs), but evidence of bias was identified in their 
randomization procedures. Notably, five studies (28–30, 40, 41) 
implemented detailed randomization methods with allocation 
concealment. The methodological quality assessment results are 
presented in Figure 2 and Table 3.

Quality of evidence

The certainty of evidence for propolis supplementation’s 
effects on metabolic and inflammatory biomarkers was evaluated 
using the GRADE framework. Evidence for TG, LDL-C, HDL-C, 
FBS, HbA1c, and HOMA-IR was rated as low certainty, primarily 
due to serious risk of bias and imprecision. For TC, IL-6, CRP, and 
TNF-α, the evidence was of very low certainty, attributed to very 
serious imprecision (wide confidence intervals crossing the null 
value) alongside serious risk of bias, precluding definitive 
conclusions. Key downgrading factors included inadequate 
randomization, lack of allocation concealment, insufficient 

blinding, and small sample sizes. The full GRADE evidence profile 
is detailed in Table 4.

Effect of propolis on blood lipids in 
patients with T2DM

A total of six studies (30–34, 42) reported the effect of propolis on 
total cholesterol (TC) in patients with T2DM. Heterogeneity was 
observed among these studies (p < 0.00001, I2 = 86%). Thus, a 
random-effects model was employed for the analysis. The pooled 
results showed no significant improvement in TC levels following 
propolis intervention (MD = −0.18, 95% CI: −0.54–0.17, p = 0.32). 
Further subgroup analysis revealed that neither intervention dosage 
nor duration significantly influenced TC outcomes (Figures 3a,b and 
Table 5).

A total of six studies (30–34, 42) reported the effect of propolis on 
low-density lipoprotein cholesterol (LDL-C) in patients with 
T2DM. Heterogeneity was observed among these studies (p = 0.0002, 
I2 = 80%). Thus, a random-effects model was employed for the 

FIGURE 1

Literature screening process.
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TABLE 1  Basic characteristics of the included literature.

First author, 
publication 
year

Country Place of 
origin

Sample size 
(T/C)

Sex (male/
female) 

(T/C)

Intervention 
(daily dose)

Control 
intervention

Duration Outcomes Outcomes detail

Liting Zhao, 2016 (35) China
Brazilian 

propolis
65 (33/32)

T:18/15

C:14/18
Capsules 900 mg/day Placebo capsules 18 weeks

②:e,f

③:h,j

④:k,l

Intervention significantly decreased TNF-α but 

increased IL-6, with no significant changes in HbA1c, 

SOD, or MDA levels.

Mehrnoosh 

Zakerkish, 2019 (30)
Iran

Iranian 

propolis
94 (50/44)

T:17/33

C:16/28

Capsules 1,000 mg/

day
Placebo capsules 90 days

①:a,b,c,d

②:e,f,g

③:h,i,j

HbA1c, HOMA- IR, CRP, and TNF-α levels were 

significantly decreased in the intervention group. 

HDL-C levels were increased.

Fatemeh Moayedi, 

2023 (28)
Iran

Italian 

propolis
30 (15/15) Unreported Capsules 500 mg/day nothing 8 weeks

①:a, b, c,

②:f

④:k,l

In the intervention group, HbA1c and lipid levels were 

improved, SOD increased significantly, and MDA 

decreased.

Fatemeh Afsharpour, 

2022 (26)
Iran

Iranian 

propolis
60 (30/30) Unreported

Capsules 1,500 mg/

day
Placebo capsules 2 months

①: a, b, c, d,

③:h,i

The intervention resulted in significant improvement in 

serum lipids with concomitant reduction in mean CRP 

and TNF-α levels.

Weina Gao, 2018 (34) China
Chinese 

propolis
61 (30/31)

T:11/20

C:14/16
Capsules 900 mg/day nothing 18 weeks

②:f

③:h,j

④:k

Intervention significantly elevated serum IL-6 without 

altering intergroup HbA1c levels.

Takuya Fukuda, 2015 

(29)
Japan

Brazilian 

propolis
80 (41/39)

T:27/14

C:19/20
Tablets 226.8 mg/day Placebo tablets 8 weeks

①: a, b, c, d,

②:e,f,g

③:h,i,j

There were no significant differences in blood lipid, 

blood glucose, and inflammation indicators between the 

two groups

Hesham El-Sharkawy, 

2016 (40)
Egypt

Egyptian 

propolis
50 (24/26)

T:16/8

C:17/9
Capsules 400 mg/day Placebo capsules 6 months ②:e,f

HbA1c and FBS levels were significantly decreased in 

the propolis group

Paola D. Ochoa-

Morales, 2022 (85)
Mexico

American 

propolis
24 (12/12)

T:8/4

C:5/7
Capsules600 mg/day Placebo capsules 12 weeks

①: a, b, c, d,

②:e,f

Propolis significantly lowered HbA1c and FBS levels, 

while lipid levels remained unchanged.

Mojgan Yousefi, 2023 

(41)
Iran

Iranian 

propolis
60 (30/30) Unreported

Capsules 1,500 mg/

day
Placebo capsules 8 weeks

②:e,g

③:j

Propolis improved blood glucose status, reduced insulin 

resistance, and inflammation.

Wang kun fang, 2024 

(42)
China

Chinese 

propolis
90 (45/45)

T:20/25

C:18/27
Tablets 600 mg/day nothing 14 days

②:e

③:i,j

FBS, CRP, and IL-6 levels were significantly decreased in 

the propolis group

Nazli Samadi, 2017 

(27)
Iran

Iranian 

propolis
57 (30/27)

T:13/17

C:16/11
Tablets 900 mg/day Placebo tablets 12 weeks

①: a, b, c, d,

②:e,f,g

In the intervention group, FBS and HbA1c decreased 

significantly, while HDL and TG levels improved but not 

significantly.

Fatemeh Afsharpour, 

2019 (33)
Iran

Iranian 

propolis
60 (30/30) Unreported

Capsules 1,500 mg/

day
Placebo capsules 2 months

②:e,f,g

④:l

FBS, HOMA-IR, and HbA1c decreased significantly, 

and SOD activity increased in the intervention group

① Blood lipid: a. LDL-C (Low-density lipoprotein cholesterol); b. TC (Total cholesterol); c. HDL-C (High-density lipoprotein cholesterol); d. TG (Triglyceride); ② blood glucose index: e. FBS (Fasting blood sugar); f. HbA1c (Hemoglobin A1c); g. HOMA-IR (Insulin 
resistance); ③ inflammatory indicators: h. TNF-α (Tumor necrosis-factorα); i. CRP (C-reactive protein); j. IL-6(interleukin-6); ④ oxidative stress index: k. malondialdehyde (MDA); l. superoxide dismutase (SOD).
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FIGURE 2

Results of the methodological quality assessment.

TABLE 2  The outcomes included in the literature review.

First author, year Lipid parameters 
(TC/TG/LDL-C/

HDL-C)

Glycemic 
parameters (FBS/
HbA1c/HOMA-IR)

Inflammatory markers 
(TNF-α/CRP/IL-6)

Oxidative stress 
markers (MDA/

SOD)

Liting Zhao, 2016 (35) TNF-α↓, IL-6↑
SOD and MDA remained 

unchanged

Mehrnoosh Zakerkish, 2019 (30) HDL-C↑ HbA1c, HOMA- IR↓ , CRP, TNF-α↓

Fatemeh Moayedi, 2023 (28) TC, LDL-C↓, HDL-C↑ HbA1c↓ SOD↑, MDA↓

Fatemeh Afsharpour, 2022 (26) TC, TG, LDL-C↓, HDL-C↑ CRP, TNF-α↓

Weina Gao, 2018 (34) HbA1c remained unchanged IL-6↓

Takuya Fukuda, 2015 (29) No changed No changed No changed

Hesham El-Sharkawy, 2016 (40) FBS, HbA1c↓

Paola D. Ochoa-Morales, 2022 (85) No changed FBS, HbA1c↓

Mojgan Yousefi, 2023 (41) FBS, HOMA-IR↓ IL-6↓

Wang kun fang, 2024 (42) FBS↓ CRP, IL-6↓

Nazli Samadi, 2017 (27)
HDL and TG levels improved, 

but not significantly
FBG, HbA1c↓.

Fatemeh Afsharpour, 2019 (33) FBS, HOMA-IR HbA1c↓ SOD↑

① Lipid Parameters: LDL-C (low-density lipoprotein cholesterol); TC (total cholesterol); HDL-C (high-density lipoprotein cholesterol); TG (triglyceride); ② Glycemic Parameters: FBS (Fasting 
blood sugar); HbA1c (Hemoglobin A1c); HOMA-IR (Insulin resistance); ③ Inflammatory Markers: TNF-α (tumor necrosis-factorα); CRP (C-reactive protein); IL-6 (interleukin-6); ④ 
Oxidative Stress Markers: malondialdehyde (MDA); superoxide dismutase (SOD).
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analysis. The pooled results showed propolis significantly reduced 
LDL-C levels, with statistical significance (MD = −0.32, 95% CI: 
−0.56 to −0.08, p = 0.009). Subgroup analysis revealed that when the 
intervention duration was less than 12 weeks, propolis significantly 
lowered LDL-C levels in T2DM patients (MD = −0.47, 95% CI: −0.82 
to −0.12, p = 0.0008) (see Figure 4 and Table 5).

A total of six studies (30–34, 42) reported the effect of propolis on 
high-density lipoprotein cholesterol (HDL-C) in T2DM patients, and 
there was no significant heterogeneity among the studies (p = 0.76, 
I2 = 0%). A fixed effect model was used, and the results revealed that 
propolis could improve HDL-C levels in T2DM patients, with the 
observed difference reaching statistical significance (MD = 0.13, 95% 
CI: 0.10–0.16, p < 0.00001) (see Figure 5 and Table 5).

A total of five studies (30, 31, 33, 34, 42) reported the effect of propolis 
on triglyceride (TG) levels in T2DM patients, and there was no significant 
heterogeneity among the studies (p = 0.50, I2 = 0%). The differences were 
statistically significant when a fixed effects model was used (MD = −0.15, 
95% CI: −0.30 to −0.01, p = 0.04) (see Figure 6 and Table 5).

Effect of propolis on blood glucose in T2DM 
patients

In total, nine studies (31, 33–35, 37, 41–44) evaluated the effects of 
propolis on fasting blood sugar (FBS) in T2DM patients. Substantial 
heterogeneity was observed (p < 0.00001, I2 = 92%). Thus, a random-
effects model was used for the meta-analysis. The results indicated that 
propolis significantly reduced FBS levels in T2DM patients (MD = −1.13, 
95% CI: −2.0 to −0.27, p = 0.01). Subgroup analysis revealed a dose-
dependent effect: a significant reduction in FBS was observed at doses ≥ 
1,000 mg/day (MD = −1.16, 95% CI: −1.67 to −0.66, p < 0.00001). To 
further explore sources of heterogeneity, a subgroup analysis was 
performed for studies using doses <1,000 mg/day, stratified by 
geographic region. Among studies conducted in the Middle East, which 
showed low heterogeneity (I2 = 22%), propolis significantly improved 
FBS (MD = −0.99, 95% CI: −1.67 to −0.32, p = 0.004). In contrast, trials 
from East Asia showed no significant effect on FBS (MD = −0.93, 95% 
CI: −3.38–1.52, p = 0.46) (Figures 7a,b and Table 5).

A total of five studies (31, 33–35, 43) reported the effect of propolis 
on insulin resistance (HOMA-IR) in T2DM patients, with heterogeneity 
among the studies (p < 0.00001, I2 = 92%), and a random-effects model 
was used. The results revealed that propolis can improve the level of 
HOMA-IR in T2DM patients, and the difference was statistically 
significant (MD = −0.95, 95% CI: −1.36 to −0.55, p < 0.00001). 
Subgroup analysis further showed a significant reduction only at doses 
≥ 1,000 mg/day (MD = −1.32, 95% CI: −1.45 to −1.19, p < 0.00001) 
(Figure 8 and Table 5).

In total, nine studies (31–37, 41, 42) reported the effect of propolis on 
glycosylated hemoglobin (HbA1c) in T2DM patients. Significant 
heterogeneity was detected across the studies (p = 0.02, I2 = 58%), and a 
random-effects model was used, which showed that propolis can 
significantly reduce the HbA1c levels (MD = −0.44, 95%CI: −0.78 to 
−0.11, p = 0.01). Subgroup analyses revealed a dose- and time-dependent 
effect: significant reductions were observed with doses ≥ 1,000 mg/day 
(MD = −0.92, 95% CI: −1.46 to −0.39, p = 0.0007) and durations 
≥12 weeks (MD = −0.64, 95% CI: −1.11 to −0.17, p = 0.008) (Figure 9 
and Table 5).

Effect of propolis on inflammatory 
indicators in T2DM patients

A total of four studies (30, 33, 34, 44) reported the effect of propolis 
on C-reactive protein (CRP) in T2DM patients. One study (44) was 
excluded from the meta-analysis due to the inclusion of inflammatory/
infective patients, which could bias results. The remaining three showed 
low heterogeneity (p = 0.37, I2 = 1%), so a fixed-effect model was used. 
Meta-analysis found propolis significantly reduced CRP (MD = −2.68, 
95% CI: −3.48 to −1.89, p < 0.00001) (Figure 10 and Table 5).

In total, five studies (30, 33, 34, 36, 37) reported the effect of 
propolis on TNF-α in T2DM patients. Significant heterogeneity was 
detected (p = 0.01, I2 = 70%); a random effects model was used. Meta-
analysis showed no statistically significant effect of propolis on TNF-α 
levels (MD = −2.52, 95% CI: −5.69–0.66, p = 0.12). Subgroup analyses 
for intervention duration and dosage also found no significant 
differences (Figure 11 and Table 5).

TABLE 3  Risk of bias summary of the included randomized controlled trials on propolis supplementation for type 2 diabetes mellitus.

Study Randomization 
process

Deviations 
from intended 
interventions

Missing 
outcome 

data

Measurement 
of the outcome

Selection of 
the 

reported 
result

Overall

Fatemeh Afsharpour, 2019 S L L L L S

Liting Zhao, 2016 S S L L S S

Mehrnoosh Zakerkish, 2019 S S L L S S

Fatemeh Moayedi, 2023 L L L L L L

Fatemeh Afsharpour, 2022 L L L L L L

Weina Gao, 2018 S S S L S S

Takuya Fukuda, 2015 L L L L L L

Hesham El-Sharkawy, 2016 L L L L L L

Paola D. Ochoa-Morales, 2022 S L L L L S

Mojgan Yousefi, 2023 L L L L S S

Wang kun fang, 2024 S S L S S S

Nazli Samadi, 2017 S L L L L S

Low risk of bias; H, high risk of bias; S, Some concerns.
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TABLE 4  Quality assessment.

Quality assessment Effect Quality Importance

No of studies Design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations

Rate (95%CI)

TC (better indicated by lower values)

6 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Very serious3 None MD 0.18 lower (0.54 

lower to 0.17 higher)

⊕ΟΟΟ

VERY LOW

CRITICAL

TG (better indicated by lower values)

5 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Serious2 None MD 0.15 lower (0.3–

0.01 lower)

⊕⊕ΟΟ

LOW

CRITICAL

LDL-C (better indicated by lower values)

6 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Serious2 None MD 0.34 lower (0.42–

0.26 lower)

⊕⊕ΟΟ

LOW

CRITICAL

HDL-C (better indicated by lower values)

6 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Serious2 None MD 0.13 higher 

(0.1–0.16 higher)

⊕⊕ΟΟ

LOW

CRITICAL

FBS (better indicated by lower values)

9 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Serious3 None MD 1.13 lower (2–

0.27 lower)

⊕⊕ΟΟ

LOW

CRITICAL

HbA1c (better indicated by lower values)

9 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Serious2 None MD 0.44 lower (0.78–

0.11 lower)

⊕⊕ΟΟ

LOW

CRITICAL

HOMA-IR (better indicated by lower values)

5 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Serious2 None MD 1.23 lower (1.32–

1.15 lower)

⊕⊕ΟΟ

LOW

IMPORTANT

CRP (better indicated by lower values)

6 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Serious2 None MD 1.56 lower (3.82 

lower to 0.71 higher)

⊕ΟΟΟ

VERY LOW

IMPORTANT

TNF-α (better indicated by lower values)

5 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Very serious3 None MD 2.52 lower (5.69 

lower to 0.66 higher)

⊕ΟΟΟ

VERY LOW

IMPORTANT

IL-6 (better indicated by lower values)

6 Randomized trials Serious1 No serious 

inconsistency

No serious 

indirectness

Very serious3 None MD 0.38 lower (2.29 

lower to 1.53 higher)

⊕ΟΟΟ

VERY LOW

IMPORTANT

1The included studies were assessed as having a high risk of bias due to deficiencies in randomization, allocation concealment, and blinding. 2The included studies were limited by small sample sizes. 3The included studies were limited by small sample sizes, resulting in 
wide confidence intervals that indicate imprecision of effect estimates.
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In total, six studies (33, 34, 36, 37, 43, 44) reported the effect of 
propolis on IL-6  in T2DM patients. Significant heterogeneity was 
detected (p < 0.00001, I2 = 95%). A random effects model was used, 
which revealed that propolis did not significantly alter IL-6 levels 
(MD = −0.38, 95% CI −2.29–1.53, p = 0.70). However, subgroup 
analysis showed a significant reduction at doses ≥1,000 mg/day 
(MD = −1.32, 95% CI −2.34 to −0.31, p = 0.01) (Figure 12 and Table 5).

Effect of propolis on the oxidative stress 
status of T2DM patients

A total of two studies (36, 37) found no effect of propolis on MDA 
levels in T2DM patients. Three studies (35–37) examined SOD levels, 
but unit differences precluded direct comparison. One study (35) 
reported a significant increase in SOD post-intervention, whereas the 
other two (36, 37) found no significant change.

Sensitivity analysis

Sensitivity analysis by sequential exclusion revealed stable 
pooled effects for TC, TG, HDL-C, LDL-C, FBS, HbA1c, 

HOMA-IR, CRP, and TNF-α, with confidence intervals remaining 
above the clinical significance threshold, confirming high 
robustness. However, the result for IL-6 demonstrated marked 
sensitivity. The initial meta-analysis, including all studies, showed 
no significant effect of propolis on IL-6 levels. However, after the 
removal of the study by Zhao et al. (37), the pooled effect became 
statistically significant (MD = −1.84, 95% CI −3.53 to −0.15, 
p = 0.03), suggesting a potential role of propolis in reducing IL-6. 
This study was identified as a key source of heterogeneity that 
might have masked the anti-inflammatory effect of propolis. 
Nevertheless, considerable heterogeneity persisted among the 
remaining studies (I2 = 94%), which precludes firm conclusions 
regarding its effect on IL-6.

Discussion

This meta-analysis of 12 randomized controlled trials (RCTs) 
comprising 731 participants demonstrates that propolis 
supplementation significantly improves lipid profiles [low-density 
lipoprotein cholesterol (LDL-C), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-C)], glycemic control [fasting 
blood sugar (FBS), insulin resistance (HOMA-IR), hemoglobin 

FIGURE 3

Subgroup analysis of propolis intervention on TC in T2DM patients stratified by dose (A) and duration (B).
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TABLE 5  Risk of bias summary of the included randomized controlled trials on propolis supplementation for type 2 diabetes mellitus.

Categories Study Pooled effect size 
(95% CI)

Heterogeneity (I2) P-heterogeneity P-value

Propolis intake on serum TC (mmol/L)

Overall effect 6 −0.18[−0.54, 0.17] 86% <0.0001 0.32

Intervention dose

(mg/day)

<1,000 4 −0.05 [−0.30, 0.21] 57 0.07 0.73

≥1,000 2 −0.43 [−1.58, 0.72] 94 <0.0001 0.46

Trial duration (week)

<12 3 −0.34 [−0.93, 0.25] 93 <0.00001 0.26

≥12 3 0.00 [−0.53, 0.53] 72 0.03 1

Propolis intake on serum LDL-C (mmol/L)

Overall effect 6 −0.32[−0.56, −0.08] 80% 0.0002 0.009

Trial duration (week)

<12 3 −0.47[−0.82, −0.12] 88 0.0003 0.008

≥12 3 −0.12 [−0.39, 0.16] 34 0.22 0.40

Propolis intake on serum HDL-C (mmol/L)

Overall effect 6 0.13 [0.10, 0.16] 0% 0.76 <0.00001

Propolis intake on serum TG (mmol/L)

Overall effect 5 −0.15[−0.30, −0.01] 0% 0.50 0.04

Propolis intake on serum FBS (mmol/L)

Overall effect 9 −1.13[−2.00, −0.27] 92% <0.00001 0.01

Intervention dose

(mg/day)

<1,000 6 −1.16 [−2.40, 0.08] 95 <0.00001 0.07

≥1,000 3 −1.16[−1.67, −0.66] 0 0.43 <0.00001

Propolis intake on serum HOMA-IR

Overall effect 5 −0.95 [−1.36, −0.55] 92% <0.00001 <0.00001

Intervention dose

(mg/day)

<1,000 2 −0.21 [−0.52, 0.10] 0 0.54 0.18

≥1,000 3 −1.32[−1.45, −1.19] 36 0.21 <0.00001

Propolis intake on serum HbA1C (%)

Overall effect 9 −0.44[−0.78, −0.11] 58% 0.02 0.01

Intervention dose

(mg/day)

<1,000 7 −0.26 [−0.59, 0.07] 39 0.13 0.12

≥1,000 2 −0.92 [−1.46, −0.39] 32 0.22 0.0007

Trial duration (week)

<12 4 −0.24 [−0.79, 0.31] 70 0.02 0.40

≥12 5 −0.64 [−1.11, −0.17] 51 0.08 0.008

Propolis intake on serum CRP (ng/mL)

Overall effect 3 −2.68 [−3.48, −1.89] 1% 0.37 <0.00001

Propolis intake on serum TNF-α (pg/mL)

Overall effect 5 −2.52 [−5.69, 0.66] 70% 0.01 0.12

(Continued)
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TABLE 5  (Continued)

Categories Study Pooled effect size 
(95% CI)

Heterogeneity (I2) P-heterogeneity P-value

Intervention dose

(mg/day)

<1,000 3 −1.92 [−6.12, 2.27] 65 0.06 0.37

≥1,000 2 −26.67[−82.43, 29.09] 82 0.02 0.35

Trial duration (week)

<12 4 8.21[−54.38, 70.80] 22 0.26 0.80

≥12 5 −2.96 [−8.86, 2.94] 81 0.005 0.33

Propolis intake on serum IL-6 (pg/mL)

Overall effect 6 −0.38 [−2.29, 1.53] 95% <0.0001 0.70

Intervention dose

(mg/day)

<1,000 4 −0.03 [−2.40, 2.34] 97 <0.00001 0.98

≥1,000 2 −1.32[−2.34, −0.31] 0 0.79 0.01

TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol. HDL-C, high-density lipoprotein cholesterol; FBS, fasting blood sugar; HbA1c, Hemoglobin A1c; HOMA-
IR, Insulin resistance. TNF-α, tumor necrosis-factorα; CRP, C-reactive protein; IL-6, interleukin-6.

FIGURE 4

Meta-analysis results of LDL-C change in included trials.

FIGURE 5

Meta-analysis results of HDL-C change in included trials.
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(HbA1c)], and inflammation [C-reactive protein (CRP)] in 
patients with T2DM. However, current evidence is insufficient to 
confirm a significant effect of propolis on oxidative stress 

markers. This finding highlights an important direction for 
future research and warrants further in-depth  
investigation.

FIGURE 6

Meta-analysis results of TG change in included trials.

FIGURE 7

Subgroup analysis of propolis intervention on FBS in T2DM patients stratified by dose (A) and geographic region (B).
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FIGURE 8

Subgroup analysis of propolis intervention on HOMA-IR in T2DM patients stratified by dose.

FIGURE 9

Subgroup analysis of propolis intervention on HbA1c in T2DM patients stratified by dose (A) and duration (B).
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The present study demonstrated a downward trend in FBS, 
HOMA-IR, and HbA1c levels following propolis intervention, 
which is partially consistent with the conclusions of Karimian 
et al. (28). A key distinction, however, is that their research failed 
to detect a significant change in HOMA-IR and did not investigate 
the influence of dosage and intervention duration. This study not 
only revealed a significant reduction in HOMA-IR but also 
identified a dose-dependent effect, with the most pronounced 
improvements observed at dosages of 1,000 mg/day or higher. 
Similarly, while Hallajzadeh et  al. (25) reported benefits for 
glycemic and inflammatory markers, they found no improvement 

in lipids and did not analyze dosage. In contrast, this study 
demonstrated concurrent improvements in lipid profiles, glycemic 
control, and inflammatory markers, and clarified the modulatory 
roles of both dosage and duration. Unlike previous meta-analyses 
(25–28), this study provides a more comprehensive evaluation by 
including oxidative stress and inflammatory markers. Subgroup 
analyses revealed that propolis at ≥1,000 mg/day significantly 
improved FBS, HOMA-IR, HbA1c, and IL-6 levels, with 
particularly pronounced HbA1c improvement at ≥12 weeks. 
These findings support the use of propolis as an adjunctive 
therapy in T2DM management.

FIGURE 10

Meta-analysis results of CRP change in included trials.

FIGURE 11

Subgroup analysis of propolis intervention on TNF-α in T2DM patients stratified by dose (A) and duration (B).
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Effects of propolis on blood lipids in T2DM 
patients

This meta-analysis demonstrated that propolis supplementation 
significantly reduced LDL-C and TG while increasing HDL-C, but had 
no significant effect on TC. Compared with previous meta-analyses, the 
results of the present study exhibit certain discrepancies. For instance, 
Salehi-Sahlabadi et al. (45) reported that propolis significantly reduced 
TG and increased HDL-C, but had no effect on LDL-C. In contrast, two 
other meta-analyses (25, 46) reported no significant effects of propolis 
on any lipid parameters. This discrepancy is likely attributable to the 
differing study populations; this study was limited to patients with 
T2DM, whereas prior studies included non-diabetic individuals.

Currently, the mechanisms of how propolis regulates lipids are not 
fully clear. Lipid peroxidation, a key outcome of oxidative stress, may 
be mitigated by propolis flavonoids, which protect lipids from oxidative 
damage through multiple pathways (47). Propolis can promote the 
expression of the ABCA1 and ABCG1 genes, promote reverse cholesterol 
transport, and stimulate HDL particle formation, thereby increasing 
HDL-C levels (48). Study (49) indicated that upregulation of ABCA1 
may be a crucial way to improve HDL-C. Propolis contains polyphenols 
that inhibit intestinal cholesterol absorption, reduce ox-LDL, and 
downregulate CD36 receptor expression, thereby decreasing macrophage 
uptake of ox-LDL and suppressing atherosclerotic plaque formation (13, 
48). Furthermore, propolis activates PPARα in the liver to balance lipid 
metabolism (50), and its active component, caffeic acid phenethyl ester 
(CAPE), can upregulate PPARα and downregulate PPARγ to relieve fat 
accumulation and metabolic disorders (51).

Effect of propolis on blood glucose in 
T2DM patients

This meta-analysis demonstrates that propolis supplementation 
significantly improves glycemic control in patients with 
T2DM. Subgroup analyses revealed that intervention dosage and 
duration are critical effect modifiers. Significant reductions in FBS, 

HOMA-IR, and HbA1c were observed only at dosages ≥1,000 mg/
day, while a clinically meaningful HbA1c reduction required an 
intervention duration of ≥12 weeks. Given that elevated HbA1c is 
a primary risk factor for diabetic microvascular complications (52, 
53), the observed HbA1c-lowering effect suggests that propolis, as 
an adjunctive therapy, holds potential for improving long-term 
patient prognosis. One study (25) observed reductions in FBS and 
HbA1c levels following propolis supplementation, but no 
improvement in HOMA-IR, which is inconsistent with our 
findings. This discrepancy may be attributed to the heterogeneity 
in metabolic characteristics of the study populations. Propolis 
enhances glucose uptake by increasing insulin sensitivity in skeletal 
muscle cells, boosting GLUT4 activity, and activating the PI3K and 
AMPK pathways (54). It may also stimulate insulin secretion or 
sensitivity and inhibit intestinal α-glucosidase to slow carbohydrate 
digestion (55, 56). Compounds like galangin and pinocembrin 
modulate glucose metabolism in IR-HepG2 cells, improving 
insulin resistance (57), while total flavonoids enhance HK and PK 
activity, promoting glucose absorption and glycogen synthesis 
(58, 59).

Effect of propolis on inflammatory 
indicators in T2DM patients

This meta-analysis found that propolis supplementation 
significantly lowers CRP levels in T2DM patients, but showed no 
significant overall effect on IL-6 or TNF-α. Notably, subgroup analysis 
revealed a clear dose−response relationship: IL-6 levels were 
significantly reduced at propolis doses ≥1,000 mg/day. Compared 
with previous meta-analyses (25, 60, 61), these findings are partially 
consistent for CRP but differ for IL-6 and TNF-α. Specifically, this 
study found that higher-dose propolis significantly reduced IL-6, 
aligning with the findings of Gholami et  al. (61). However, no 
significant change in TNF-α levels was observed in this analysis.

Several factors may account for these discrepancies. First, the 
present analysis was strictly limited to T2DM patients, whereas 
prior studies (25, 60, 61) included non-diabetic individuals and 

FIGURE 12

Subgroup analysis of propolis intervention on IL-6 in T2DM patients stratified by dose.
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healthy participants. As noted in study (61), the anti-
inflammatory effects of propolis appear to be population-specific, 
with more pronounced reductions in IL-6 and TNF-α observed 
in Asian cohorts compared to American ones—a difference 
potentially attributable to geographical variations in propolis 
composition. This notion is supported by research (62) indicating 
that although both Chinese and Brazilian propolis possess anti-
inflammatory properties, they differ significantly in the content 
of key active compounds, such as total flavonoids. Furthermore, 
the analysis of TNF-α in this study included only five trials, 
rendering it underpowered compared to the meta-analysis by 
Gholami et  al. (61), which pooled data from 13 studies. 
Therefore, these results should be  interpreted with caution 
and warrant further validation in future high-quality 
primary studies.

The anti-inflammatory effects of propolis are attributed to the 
synergistic regulation of multiple signaling pathways. A key 
mechanism involves the inhibition of inducible nitric oxide 
synthase (iNOS) by propolis, which reduces excess nitric oxide 
(NO) production and mitigates oxidative/nitrosative stress and 
subsequent tissue damage (13). The principal component, caffeic 
acid phenethyl ester (CAPE), is central to this action, directly 
suppressing iNOS transcription via NF-κB binding sites (63). 
CAPE, along with other flavonoids and phenolic acids, also 
downregulates LOX/COX-1/COX-2  in the arachidonic acid 
pathway, thereby blocking the synthesis of pro-inflammatory 
mediators like prostaglandins and leukotrienes (64, 65). 
Additionally, CAPE reduces pro-inflammatory cytokine mRNA 
levels in activated macrophages, alleviating chronic 
inflammation (66).

Effect of propolis on oxidative stress in 
T2DM patients

The limited number of studies on oxidative stress markers 
prevents definitive conclusions regarding propolis’s antioxidant 
effects. Existing evidence remains inconsistent, with one 
systematic review (25) reporting no benefit, while others (27, 67) 
suggest positive effects. This heterogeneity may be  largely 
attributed to variations in dosage and methodology. Subgroup 
analyses from previous trials (27, 67) indicated that propolis 
supplementation ≥1,000 mg/day significantly reduces MDA and 
increases SOD activity, whereas lower doses exhibit no effect, 
thereby highlighting dosage as a critical moderating factor. 
Methodological variations further complicate the comparability 
of results. Although all included studies (35–37) employed the 
thiobarbituric acid (TBA) colorimetric assay to quantify MDA, 
this method is known to lack specificity. The TBA reagent reacts 
non-specifically with other serum aldehydes, potentially leading 
to a systematic overestimation of MDA concentrations (68). 
Therefore, future studies should prioritize the standardization of 
more specific detection methods to enhance the reliability and 
comparability of research findings.

Phenolic compounds, established as the primary active and 
non-nutritive constituents of propolis, exhibit inherent 
antioxidant properties (13). These compounds mitigate oxidative 
stress through multiple mechanisms: they inhibit ROS-generating 

enzymes (e.g., phospholipase A2), scavenge free radicals, and 
enhance the overall antioxidant capacity (25, 47). Consequently, 
propolis supplementation leads to reduced MDA levels and 
elevated activity of antioxidant enzymes, including SOD, catalase 
(CAT), and glutathione peroxidase (GSH-Px), thereby alleviating 
oxidative stress (55, 69). Furthermore, flavonoids in propolis 
activate the antioxidant regulator Nrf2, bolstering cellular 
defenses (70, 71). Polyphenolic components such as CAPE 
contribute to ROS reduction by inhibiting the NF-κB pathway, 
which aids in protecting endothelial function (72), and by 
suppressing the PI3K/Akt/mTOR pathway to downregulate 
LOX-1 and p38 MAPK, thereby attenuating oxidative 
damage (73).

In recent years, non-nutrient bioactive compounds have 
garnered significant attention for their potential in preventing and 
managing diabetes (74). These compounds, which are prevalent 
in plant-based foods and herbs, are structurally distinct from 
traditional nutrients and are typically soluble in water or ethanol 
(75). A research team (75) proposed the “theoretical model of 
family nurse diet therapy,” emphasizing that polyphenols and 
flavonoids act synergistically to prevent and treat chronic diseases 
via anti-inflammatory, antioxidant, and metabolic regulatory 
pathways. Supporting this, additional research (70) confirmed 
that diets rich in polyphenolic non-nutrients can modulate 
metabolism and ameliorate oxidative stress, thereby helping 
prevent hyperlipidemia.

This theoretical framework underpins the clinical application 
of propolis. As a natural product abundant in polyphenols and 
flavonoids, propolis has generated considerable interest owing to 
its notable antioxidant (76), anti-inflammatory (77), anticancer 
(78), and antibacterial properties (79). Its efficacy stems from the 
synergistic interactions among its non-nutritive components, such 
as flavonoids and phenolic acids (73), which align closely with the 
core principles of the “theoretical model of family nurse diet 
therapy.” This alignment not only strengthens the rationale for 
using propolis clinically but also underscores the potential of 
non-nutrient components in developing natural therapeutics 
for diabetes.

Regarding safety, propolis, as a resinous substance, exhibits a 
relatively low incidence of allergic reactions. A large-scale study 
involving 2,007 cases reported that only 3.8% of participants 
experienced allergic symptoms (80). In the present analysis, two 
studies (36, 37) documented allergic events, leading to the 
withdrawal of six participants due to propolis-related allergies. 
The primary allergens identified are caffeic acid and its esters 
(81). Fortunately, bacterial biotransformation techniques have 
been developed to effectively remove these allergenic 
compounds (82), indicating that advances in processing 
technology may further enhance the safety profile of edible 
propolis products.

Practical implications

Propolis, a natural product abundant in non-nutritive 
bioactive components, demonstrates potential for improving 
glycemic control, lipid profiles, and inflammatory markers in 
T2DM patients. Notably, elevated CRP levels constitute an 
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independent risk factor for cardiovascular mortality, irrespective 
of diabetic status (83). The significant reduction in CRP levels 
associated with propolis supplementation suggests its promise as 
a novel adjunctive strategy for the prevention and management 
of both diabetes and cardiovascular disease.

This study indicates that the effects of propolis are dose- and 
time-dependent, with superior outcomes observed at higher 
doses (≥1,000 mg/day) and longer intervention durations 
(≥12 weeks). Consequently, for patients with inadequate glycemic 
control, optimizing propolis dosage and treatment duration 
under medical supervision may enhance therapeutic efficacy. 
Such individualized regimens should account for patient-specific 
factors, including diet, physical activity, concomitant 
medications, and the pharmacokinetic properties of its 
bioactive compounds.

Although generally safe, propolis can trigger allergic reactions in 
susceptible individuals (80). Pre-use allergy screening and consultation 
with a healthcare provider are recommended. Future research should 
prioritize elucidating the mechanisms of action of key bioactive 
constituents, establishing precise dose–response relationships, and 
evaluating long-term safety. To improve the synthesis of future evidence, 
we recommend that RCTs on propolis undergo prospective registration 
and adopt standardized outcome sets with uniform measurement units 
to reduce methodological heterogeneity.

Strengths and limitations

To clarify the comprehensive efficacy of propolis in the 
management of T2DM and to address the limitations of previous 
research, this study conducted a systematic update and in-depth 
analysis. We searched both Chinese and English databases and 
included 12 of the latest RCTs. The quality of the included studies 
was assessed using the Cochrane Risk of Bias tool two. This study 
provides a systematic and multi-faceted review of propolis 
intervention in T2DM, assessing its impact not only on glycemic 
control but also on dyslipidemia, inflammation, and oxidative 
stress. By situating the findings within a theoretical framework 
focusing on non-nutritive compounds in chronic disease 
management, the study offers novel mechanistic insights into the 
metabolic benefits of propolis. These results not only strengthen 
the scientific basis for incorporating propolis into diabetes care 
but also have practical implications for this theoretical model in 
the context of chronic disease management.

The study also has several limitations. Significant 
heterogeneity among the included studies—stemming from 
variations in propolis source, dosage, intervention duration, and 
sample size—persisted despite statistical adjustments. The 
feasibility of meta-analysis for oxidative stress markers and the 
assessment of publication bias were precluded by an insufficient 
number of studies. Moreover, the generalizability of this study 
may be limited by the geographical homogeneity of the included 
research, most of which originated from Iran (30–32, 34, 35). 
Given that the chemical composition and biological activity of 
propolis vary with geographical and botanical origin (84), 
caution should be exercised when extrapolating these findings to 
propolis from other regions. The applicability of these results to 
other populations and healthcare settings warrants 
further validation.

Conclusion

This study demonstrates that propolis significantly improves 
lipid, glycemic, and inflammatory parameters in patients with 
T2DM. These metabolic benefits are enhanced at doses ≥1,000 mg/
day or intervention durations ≥12 weeks. Although no significant 
effect on oxidative stress markers was observed (likely due to 
methodological limitations such as study heterogeneity and limited 
sample sizes), the antioxidant potential of propolis should not 
be disregarded. Given the limited number of studies and the inability 
to assess publication bias, these findings should be  interpreted 
cautiously. Further large-scale, multicenter randomized controlled 
trials are needed to confirm its clinical efficacy.
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