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Abstract 
Objective: Pomegranate juice (PJ) is rich in polyphenols with 

potential lipid-lowering effects. This study aimed to evaluate the 

impact of PJ consumption on blood lipid parameters through a 

systematic review and meta-analysis of randomized controlled trials 

(RCTs). 

Materials and Methods: A comprehensive literature search was 

conducted across multiple databases to identify RCTs assessing the 

effects of PJ on lipid profiles in adults. A total of 17 RCTs involving 

663 participants were included. Outcomes analyzed were changes 

in total cholesterol (TC), triglycerides (TG), low-density lipoprotein 

cholesterol (LDL-C), and high-density lipoprotein cholesterol 

(HDL-C). Subgroup and meta-regression analyses were performed 

based on dose, duration, and participant health status. 

Results: PJ consumption was associated with significant reductions 

in TG (MD: −8.2 mg/dL) and LDL-C (MD: −4.8 mg/dL), and a 

significant increase in HDL-C (MD: +2.8 mg/dL). No overall effect 

was observed for TC. High heterogeneity was detected, partially 

explained by differences in PJ dose and population characteristics. 

Conclusion: PJ may improve lipid profiles, particularly by 

reducing TG and LDL-C and increasing HDL-C levels. These 

effects appear more pronounced in populations with metabolic 

disorders. Future trials with standardized PJ formulations and 

longer durations are warranted. 
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Introduction 
Cardiovascular disease (CVD) is a 

global health concern with an increasing 

prevalence. Each year, nearly 18 million 

deaths are attributed to this non-

communicable disease worldwide. In 2019, 

approximately 523 million people 

worldwide were affected by some form of 

CVD (Gaziano et al., 2006, Organization 

2019). One of the major risk factors for 

CVD is an elevated concentration of blood 

lipids such as cholesterol and triglycerides 

(TGs) which are present in over 50% of 

adults (Boren et al., 2020, Hedayatnia et al., 

2020). The accumulation of fatty deposits 

in the arteries, known as atherosclerosis, is 

associated with an increased risk of blood 

clots and is commonly found in individuals 

with CVD (Rafieian-Kopaei et al., 2014). 

Atherosclerosis can also cause damage to 

arteries in vital organs including the brain, 

heart, kidneys, and eyes (Mallika et al., 

2007). CVD encompasses various 

conditions such as heart disease, stroke, 

peripheral arterial disease, and aortic 

disease (Lopez et al., 2022). Several risk 

factors contribute to the development of 

atherosclerotic cardiovascular disease, 

including hypertension, smoking, 

dyslipidemia, diabetes, obesity, and 

physical inactivity. Dyslipidemia is a 

crucial but modifiable risk factor for 

atherosclerotic cardiovascular disease for 

which, numerous drugs have been 

developed (Michaeli et al., 2023, Derosa et 

al., 2018, Sahebkar et al., 2014, Sahebkar et 

al., 2013, Sahebkar et al., 2013). Statins are 

the most widely utilized class of lipid-

lowering agents which have documented 

efficacy in lowering low-density 

lipoprotein-cholesterol (LDL-C) plus a 

myriad of lipid-independent benefits (Bedi 

et al., 2016, Bahrami et al., 2018, Chruściel 

et al., 2016, Parizadeh et al., 2011, 

Sahebkar et al., 2023, Sahebkar et al., 

2016). However, even with the availability 

of current pharmacotherapeutic agents, still 

a considerable number of patients do not 

reach therapeutic lipid goals (Ray et al., 

2021, März et al., 2018). Besides, there are 

patients who are resistant to statin therapy 

or cannot tolerate these drugs (Bytyçi et al., 

2022). This begs additional approaches to 

complement pharmacotherapy.  

Over the recent decades, there has been 

a surge of interest to exploit the lipid-

lowering effects of natural products and 

nutraceuticals (Asgary et al., 2013, Fogacci 

et al., 2019, Momtazi et al., 2017, Sahebkar 

et al., 2014, Sahebkar et al., 2016, Serban et 

al., 2016). Among various dietary 

interventions, Pomegranate juice (PJ) has 

received growing scientific attention due to 

its high polyphenol content, antioxidant 

capacity, and potential lipid-lowering 

effects, making it a promising candidate for 

cardiovascular disease prevention. 

Pomegranate, a deciduous shrub that 

produces fruit, grows between five and ten 

meters in height (Lansky, Newman 2007, 

Jurenka 2008). It is native to Iran and 

northern India but is cultivated worldwide 

(Naqvi et al., 1991). Pomegranate is known 

for its content of flavonoids, anthocyanins, 

punicic acid, ellagitannins, alkaloids, 

fructose, and sucrose, which contribute to 

its excellent antioxidant properties 

(Zarfeshany et al., 2014). Punicalagins, as 

hydrolyzable tannin, make up 

approximately 50% of the antioxidant 

potential of pomegranate juice (Naqvi et al., 

1991). These compounds help prevent 

thickening of artery walls and reduce 

cholesterol and plaque buildup. 

Pomegranate polyphenols have been 

studied as potential agents for preventing 

and managing CVD (Vučić et al., 2019). 

Additionally, pomegranate polyphenols 

directly inhibit the oxidation of LDL 

cholesterol, further contributing to their 

beneficial effects (Aviram, Rosenblat 2012, 

Zarfeshany et al., 2014). Due to its high 

content of polyphenols and tannins, 

pomegranate has recently been 

recommended for the prevention of 

coronary artery disease, as it lowers blood 

pressure, improves blood circulation to the 

heart, and reduces the risk of heart attacks 

(Bouroshaki et al., 2010). 
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In this systematic review and meta-

analysis of randomized controlled trials 

(RCTs), our objective was to investigate the 

effect of pomegranate juice (PJ) 

consumption on lipid profile. 

Although previous meta-analyses, such 

as Sahebkar et al (2016), have evaluated the 

effects of pomegranate supplementation on 

lipid parameters, they included a limited 

number of studies, often combining 

heterogeneous forms of pomegranate (e.g. 

extract, capsule, and juice), and lacked 

detailed subgroup or meta-regression 

analysis. Since then, several RCTs with 

improved methodological quality and 

longer intervention durations have been 

published. Therefore, an updated and 

focused meta-analysis specifically on PJ is 

warranted to provide more conclusive 

evidence. 

 

 

Materials and Methods 
Search strategy 

This systematic review followed the 

PRISMA guidelines. We conducted a 

thorough search of databases including 

PubMed, ISI Web of Science, Scopus, and 

the Cochrane Library, covering all studies 

published up to December 11, 2022.  As 

follows, MeSH and non-MeSH terms have 

been merged: )Intervention OR 

"Intervention Study" OR "Intervention 

Studies" OR "controlled trial" OR 

randomized OR random OR randomly OR 

placebo OR "clinical trial" OR Trial OR 

"randomized controlled trial" OR 

"randomized clinical trial" OR RCT OR 

blinded OR "double blind" OR "double 

blinded" OR trial OR "clinical trial" OR 

trials OR "Pragmatic Clinical Trial" OR 

"Cross-Over Studies" OR "Cross-Over" OR 

"Cross-Over Study" OR parallel OR 

"parallel study" OR "parallel trial"( and 

("hyperlipidemia OR hyperlipidemic OR 

hyperlipidaemic OR hyperlipidaemia OR 

hypolipidemic  OR  hypolipidaemic OR 

dyslipidemia OR dyslipidemic OR 

hypercholesterolemia OR 

hypercholesterolemic OR 

"hypocholesterolemic" OR 

"hypertriglyceridemia" OR 

"hypotriglyceridemic" OR Triglyceride OR 

Triacylglycerol OR cholesterol OR 

Lipoprotein OR "very low density 

lipoprotein" OR VLDL OR "low density 

lipoprotein" OR LDL OR "LDL-C" OR 

"high density lipoprotein" OR HDL OR 

"HDL-C" OR "lipid profile" OR 

"dyslipidaemia" OR "dyslipidaemic" OR 

"hypercholesterolaemic" OR 

"hypocholesterolaemic" OR "triglycerides" 

OR "hypertriglyceridemia" OR 

"hypertriglyceridaemia" OR 

"hypotriglyceridemic" OR 

"hypotriglyceridaemic") and (pomegranate 

OR Punica OR “Punica granatum” OR 

"Punicaceae"[- Mesh]) OR 

"Punicaceae"[tiab])"). The search was 

limited to human studies published in 

English. Additional studies were identified 

by manual review of reference lists. We 

excluded grey literature to reduce bias and 

ensure data quality. 

 

Inclusion and exclusion criteria 

Eligible studies met the following 

criteria: (1) randomized controlled trials 

(RCTs) or crossover trials involving adults; 

(2) assessment of pomegranate juice effects 

on lipid parameters; and (3) reported at least 

one lipid-related outcome, such as total 

cholesterol, triglycerides, LDL-C, HDL-C, 

Apo A, or Apo B. 

Studies were excluded if they: (1) were not 

RCTs; (2) used pomegranate juice with 

other active interventions; (3) had 

intervention durations under one week; (4) 

lacked adequate outcome data; or (5) used 

other forms of pomegranate (e.g., extract or 

seed oil). To isolate the specific impact of 

juice, we excluded studies using alternate 

formulations. Variations in juice type were 

accounted for in subgroup analyses. 

To ensure homogeneity and isolate the 

specific effects of PJ, we excluded studies 

that used other forms such as seed oil or 

extract. These forms contain different 

concentrations and types of bioactive 

compounds, which could confound the 

tel:2022
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results. Variations in PJ composition across 

studies (e.g. natural vs. concentrated juice) 

were addressed through subgroup and 

sensitivity analyses, which allowed us to 

explore the potential influence of dosage 

and intervention duration. 

 

Data extraction 

Data collected from each study included: 

author, publication year, country, 

participant demographics (age, gender, 

BMI), health status, intervention details 

(dose and duration), study design, and 

changes in lipid markers (cholesterol, 

triglyceride (TG), low-density lipoprotein 

(LDL), high-density lipoprotein (HDL)) 

pre- and post-intervention. 

 

Quality assessment  
We evaluated study quality using the 

Cochrane Risk of Bias tool, covering 

sequence generation, allocation 

concealment, blinding, reporting bias, and 

completeness of outcome data. Each 

domain was rated as low, unclear, or high 

risk. (Higgins, Green 2011, Higgins 2011). 

Studies rated as high risk in any domain 

were considered high risk overall. 

Sensitivity analyses were conducted to test 

the impact of such studies on the overall 

findings. This approach ensured that the 

main findings remained robust even when 

potentially biased studies were omitted. 

 

Quantitative data synthesis 
Meta-analysis was performed using 

Comprehensive Meta-Analysis (CMA) 

version 2. (Biostat, NJ). P-values <0.05 

were considered statistically significant. 

Mean difference (MD) and 95% confidence 

intervals (CI) for the effect of PJ on Fasting 

Blood Glucose (FBG), fasting insulin and 

HOMA-IR were used to estimate the 

overall effect size in the intervention and 

control groups.  

The following formula was used to 

calculate the SDs of the mean difference: 

SD = square root [(SD pretreatment)2 + (SD 

post-treatment)2- (2R × SD pre-treatment × 

SD post-treatment)], taking R = 0.8 as the 

correlation coefficient (Higgins 2011). 
When standard error (SEM) was reported, 

standard deviation (SD) was derived using 

SD = SEM × √n. For parallel and crossover 

studies, net changes were calculated based on 

differences between post- and pre-

intervention values in both groups. 

 
Heterogeneity was evaluated using 

Cochrane’s Q and I² statistics.  Subgroup 

analyses examined the effects of juice dose 

(≤300 ml/day vs. >300 ml/day), intervention 

duration (<2 months vs. ≥2 months), and 

participant health status.  Meta-regression 

was used to explore linear trends between 

intervention variables and lipid changes. 

Funnel plots and Egger’s test assessed 

publication bias. In this study, we 

considered obese people and people with 

metabolic syndrome as unhealthy subjects. 
The choice of correlation coefficient 

(R=0.8) for estimating standard deviations 

was based on guidelines from the Cochrane 

Handbook (Higgins, 2011) and supported 

by the approach described by Wan et al. 

(2014), both commonly used in nutrition-

related meta-analyses. 

 

Results 

Included studies 

A total of 2,456 records were initially 

retrieved. After removing 612 duplicates 

and screening out 1,825 irrelevant titles and 

abstracts, 19 full-text articles remained for 

further review. Of these, two studies were 

excluded based on eligibility criteria, 

leaving 17 randomized controlled trials 

(RCTs) that qualified for inclusion in the 

final meta-analysis.(Sumner et al., 2005, 

Cerdá et al., 2006, González-Ortiz et al., 

2011, Tsang et al., 2012, Asgary et al., 

2014, Shema-Didi et al., 2014, Fuster-

Muñoz et al., 2016, Kojadinovic et al., 

2017, Manthou et al., 2017, Moazzen, 

Alizadeh 2017, Akbarpour et al., 2019, 

Sohrab et al., 2019, Barati Boldaji et al., 

2020, Esmaeilinezhad et al., 2020, Abedini 

et al., 2021, Kojadinovic et al., 2021, 

Nemati et al., 2021) (Figure 1). 
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Figure 1.  Flowchart of study selection for inclusion in the systematic review. 

 

Characteristics of included studies 

The 17 eligible trials included 663 

participants, with 355 individuals assigned 

to the pomegranate juice (PJ) intervention 

group and 308 to the control group (each 

part of crossover trial was evaluated 

separately). The publication years ranged 

from 2005 to 2022. The studies were 

conducted across Asia (9 trials) (Asgary et 

al., 2014, Shema-Didi et al., 2014, 

Moazzen, Alizadeh 2017, Akbarpour et al., 

2019, Sohrab et al., 2019, Barati Boldaji et 

al., 2020, Esmaeilinezhad et al., 2020, 

Abedini et al., 2021, Nemati et al., 2021),, 

Europe (6 trials) ) (Cerdá et al., 2006, Tsang 

et al., 2012, Fuster-Muñoz et al., 2016, 

Kojadinovic et al., 2017, Manthou et al., 

2017, Kojadinovic et al., 2021), and the 

Americas (2 trials) (Sumner et al., 2005, 

González-Ortiz et al., 2011). 

PJ dosages varied from 45 mL/day 

(Abedini et al., 2021) to 500 mL/day(Tsang 

et al., 2012, Manthou et al., 2017, Moazzen, 

Alizadeh 2017), and intervention durations 

ranged from 1 (Moazzen, Alizadeh 2017)to 

52 weeks weeks (Shema-Didi et al., 2014). 

Most trials followed a parallel-group 

design, while four were crossover 

trials(Tsang et al., 2012, Manthou et al., 

2017, Moazzen, Alizadeh 2017, Barati 

Boldaji et al., 2020). In one study, three 

groups were examined: a pomegranate juice 

(PJ, n=10), a diluted pomegranate juice 

group (PJD, n=11; 1:1 dilution with water) 

and a control group with no pomegranate 

juice intake (C, n=10). These were analysed 

as two independent comparisons. (Fuster-

Muñoz et al., 2016). 

Participants included individuals with 

conditions such as type 2 

diabetes(Akbarpour et al., 2019, Sohrab et 

al., 2019, Nemati et al., 2021),, polycystic 

tel:2005
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ovary syndrome(Esmaeilinezhad et al., 

2020, Abedini et al., 2021), metabolic 

syndrome(Kojadinovic et al., 2017, 

Moazzen, Alizadeh 2017), 

obesity(González-Ortiz et al., 2011, 

Kojadinovic et al., 2021), ischemic 

coronary heart disease (Sumner et al., 

2005),  chronic obstructive pulmonary 

disease (Cerdá et al., 2006), hypertensive 

patient (Asgary et al., 2014), hemodialysis 

patients (Shema-Didi et al., 2014, Barati 

Boldaji et al., 2020), and healthy 

volunteers(Tsang et al., 2012, Fuster-

Muñoz et al., 2016, Manthou et al., 2017). 

Studies included participants with Detailed 

information is summarized in Table 1a. 

Regarding the Gonzalez Ortiz et al 

study, since there was no data on the gender 

of the subjects, we considered the 

participants as both sexes (González-Ortiz 

et al., 2011). Also, in one of the trials 

(Asgary et al., 2014), the effect of 

pomegranate juice on Apolipoprotein A 

(Apo A) and Apolipoprotein B (Apo B) was 

investigated, however, no significant 

changes were observed in either marker. 

Hence, we excluded this study because 

there were not enough studies reporting this 

effect.  

 

Risk of Bias Assessment 

Risk of bias was assessed using the 

Cochrane Handbook criteria(Table 1b). 

Many studies did not provide clear 

descriptions of randomization methods or 

allocation concealment 

procedures(González-Ortiz et al., 2011, 

Tsang et al., 2012, Asgary et al., 2014, 

Kojadinovic et al., 2017, Manthou et al., 

2017, Moazzen, Alizadeh 2017, Akbarpour 

et al., 2019, Barati Boldaji et al., 2020, 

Nemati et al., 2021).. Blinding of 

participants and personnel was deemed 

high risk in several trials(Tsang et al., 2012, 

Asgary et al., 2014, Kojadinovic et al., 

2017, Akbarpour et al., 2019, Sohrab et al., 

2019, Barati Boldaji et al., 2020, Abedini et 

al., 2021, Kojadinovic et al., 2021, Nemati 

et al., 2021). Most of the selected studies 

provide sufficient information about 

selective reporting except for seven trials 

(Sumner et al., 2005, Cerdá et al., 2006, 

González-Ortiz et al., 2011, Asgary et al., 

2014, Fuster-Muñoz et al., 2016, Manthou 

et al., 2017, Akbarpour et al., 2019).  

Although studies with high or unclear 

risk of bias were not excluded, their 

influence was tested through leave-one-out 

sensitivity analyses to evaluate the 

robustness of the pooled estimates. 

Most studies adequately reported outcome 

data and addressed incomplete data, though 

some had concerns with selective reporting 

or lack of information on blinding of 

outcome assessors. 

 

Effect of PJ consumption on TC 

The final result of the meta-analysis 

with 15 trials (323 cases and 280 control 

subjects) showed that PJ consumption had 

no significant effect on serum TC levels. 

Subgroup analysis by dosage revealed a 

significant reduction in total cholesterol 

(TC) with intake of >300 ml/day PJ (MD= 

-4 mg/dl, 95 % CI -7.7, -0.4, P = 0.03) 

(Figure 2A) (Table 1c). 

 

Effect of PJ consumption on TG 

Determination of whether PJ 

consumption affects TG status in 17 

treatment arms (323 cases and 280 control 

subjects) indicated a significant reduction 

in TG levels (MD: -8.2 mg/dl, 95% CI: -

16.3 to -0.12, P = 0.04). Subgroup analysis 

based on duration, dose of PJ intake, and 

health status of participants revealed that PJ 

consumption had significant effects on TG 

reduction in studies conducted on unhealthy 

participants (MD = -11.9, 95% CI: -20.3 to 

-3.5, P = 0.006) and those following the 

consumption of ≤300 ml/d PJ (MD: -12.9 

mg/dl, 95 % CI -21.3, -4.5, P = 0·003).  

A stronger triglyceride-lowering effect 

of pomegranate juice was observed in 

studies with intervention durations of two 

months or less, based on subgroup analysis 

(MD: -19.25 mg/dl, 95 % CI -27.6, -10.9; P 

<0.001) (Figure 2B) (Table 1c). 
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Table 1. (a) Characteristic of the studies  included in meta-analysis; (b) Quality assessment of the included studies; (c) Result of subgroup analysis of pomegranate juice on lipid profile in 

adults. 

 (a) Characteristic of included studies in meta-analysis 

Studies                                              year       Country        Study Design      Participant             Sex                Sample size    Trial Duration (Week)         Age                                             Means BMI                                 Intervention 
                                                                                                                                                                               IG        CG                                       IG                 CG                            IG                    CG        PJ dose (ml/day)        Control group 
1 Abedini, M. 2021 Iran parallel, R PCOS F 22 22 8 24.76 ±1.13 25.57 ±1.09 29.65 ±0.70  31.86 ±1.15 45   NI 

2 
Akbarpour (A) 2019 Iran parallel, R T2DM F 10 10 8 45-55    NR 23.97±4.50 24.9±2.33 100 NI 

3 Akbarpour (B) 2019 Iran parallel, R T2DM F 10 10 8 45-55    NR 25.65±2.9 24.97±3.46 100 NI 

4 
Asgari 2013 Iran parallel, R 

hypertensive 
patients 

Both 11 10 2 58.91± 5.06 46.90 ± 12.36 26.79±3.47 27.95 ± 4.14 150 placebo 

5 
Barati-Boldagi 2019 Iran Cross over 

Hemodialysis 

patients 
Both 22 19 8 47.8 ±13.3 NR 23.93±4.77 23.88±4.77 100 NI 

6 
B Cerda 2006 Spain parallel, R COPD M 15 15 5 60.00±10.90 63.40±8.90 31.40±4.80 30.60±5.80 400 placebo 

7 E. Fuster-Muñoz(A) 2015 Spain parallel, R athletes M 10 10 3 33.3± 9.0 35.2 ±8.5  NR    NR 200 NI 

8 E. Fuster-Muñoz(B) 2015 Spain parallel, R athletes M 10 11 3 33.3± 9.0 37.5 ±11.4    NR    NR 200 NI 

9 
Esmaeilinezhad,(A) 2019 Iran parallel, R PCOS F 22 21 8 29.30 ± 7.46 30.60± 7.43 26.25 ± 2.93 26.77 ± 1.70 

2 L/ week 

(285 daily) 
NI 

10 
Esmaeilinezhad,(B) 2019 Iran parallel, R PCOS F 22 21 8 30.04 ± 6.39 29.52 ± 5.82 25.75 ± 2.45 26.29 ± 1.70 

2 L/ week 

(285 daily) 
placebo 

11 
González Ortiz 2011 Mexico parallel, R 

obese adult 
volunteers 

Both 10 10 4  36.3± 8.3 38.3 ± 10.4 35.2± 3.1 33.8± 4.1 120 placebo 

12 
Kojadinovic-1 2017 Serbia parallel, R 

metabolic 

syndrome 
F 12 11 6 40-60 40-60 32.17±3.56 26.50±6.63 300 NI 

13 
Kojadinovic-2 2021 Serbia parallel, R 

Overweight 
Patients with 

Dyslipidemia 

Both 12 12 2 54.42 ± 6.26 52.38 ± 13.31 28.96±3.62 27.78±2.38 300 NI 

14 
Manthou 2017 Greece Cross over healthy subjects Both 5 5 2 31.8±6.6  NR  NR 500 NI 

15 
Moazzen 2017 Iran Cross over 

metabolic 

syndrome 
Both 16 16 1 51.57 ± 10.04    NR  NR  NR 500 placebo 

16 Nemati(A) 2022 Iran parallel, R T2DM M 9 10 8 41.33 ± 1.50 41.81 ± 1.88 32.69 ± 1.30 33.34 ± 1.51 240 placebo 

17 Nemati(B) 2022 Iran parallel, R T2DM M 9 10 8 43.22±2.48 42.60±1.89 34.55 ± 3.14 32.28 ± 1.78 240 placebo 

18 

Shema-Didi, L. 2014 Israel parallel, R 

 
hemodialysis 

(HD) patients 

 

Both 66 35 52 

 

66.5 ± 11.8 
 

   NR  NR  NR 100 placebo 

19 Sohrab 2019 Iran parallel, R T2DM Both 30 30 6 54.6 ± 8.4 55.3 ± 8.5 27.1 ± 3.5  26.4 ± 3.6  200 NI 

20 Sumner 2005 USA parallel, R  CHD Both 26 19 12 69 ± 11 69 ± 9 28 ± 6 29 ± 5  240 placebo 

21 Tsang 2012 UK Cross over healthy subjects Both 14 14 4 40–65    NR 26.7 ± 3.3     NR 500 placebo 
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(b) Quality assessment of included studies 

studies 
Random sequence 

generation 

Allocation 

concealment 
Selective reporting Other sources of bias 

Blinding (participants 

and personnel) 

Blinding (outcome 

assessment) 

Incomplete 

outcome data 

Abedini L L L L H U L 

Akbarpour  U U H U H H L 

Asgary U U H H H H L 

Barati boldagi U U L L H H L 

B Cerda  U L H L L U L 
E. Fuster-Muñoz U L H U L L L 

Esmaeilinezhad L L L L L L L 

González Ortiz U U H U L U L 
Kojadinovic-1 U U L U H H L 

Kojadinovic-2 U L L U H H L 

Manthou U U H L U U L 

Moazzen U U L L L U L 
Nemati U U L U H U L 

Shema didi U L L U L U L 

Sohrab L L L U H U L 
Sumner L U H L L L L 

Tsang U U L U H U L 

(c) Result of subgroup analysis of pomegranate juice on lipid profile in adults 

 Number of treatment arms Difference in means (95%CI) p I2 (%) 

Subgroup analyses of pomegranate juice supplementation on TC 

Overall effect 157 -0.15 (-5.65, 5.34) 0.95 72% 

Duration (month)  

2 months  >  9 2.13 (-5.45, 9.71) 0.6 69% 

2 months  ≤  8 -2.6 (-11.9, 6.8) 0.6 78%       

Intervention dose (ml/day)   
≤300 13 0.6 (-7.6, 8.8) 0.9 77% 

>300 4 -4 (-7.7, -0.4) 0.03 5.8% 

Health status   
Healthy 3 -1.71 (-9.23, 5.79) 0.65 12% 

Unhealthy 14  0.3 (-6.28, 6.9) 0.9 76% 

Subgroup analyses of pomegranate juice supplementation on TG 
Overall effect 17 -8.2(-16.3, -0.12) 0.04 68% 

Duration (month)  

<2 months  9 6 (-0.3, 12.3) 0.06 0 
2 months  ≤  8 -19.25 (-27.6, -10.9) 0.001  >  55% 

Intervention dose (ml/day)   

≤300 13 -12.9 (-21.3, -4.5) 0.003 57% 
>300 4 5.7 (-1.44, 12.9) 0.11 0 

Health status   
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Healthy 3 6.45 (-1.6, 14.5) 0.11 0 
Unhealthy 14 -11.9 (-20.3, -3.5) < 0.006 60% 

Subgroup analyses of pomegranate juice supplementation on HDL 

Overall effect 21 2.8 (0.9, 4.72) 0.003 88% 

Duration (month)  

2 months  >  11 -0.1 (-1.7, -0.3) 0.006 0 

2 months  ≤  10 6.25 (3.9, 8.6) <0.001 82% 

Intervention dose (ml/day)   
≤300 17 3.5 (1.6, 5.5) <0.001 83% 

>300 4 -1.08 (-1.9, -0.3) 0.007 0 

Health status   
Healthy 5 0.4 (-1.7, 2.5) 0.7 0 

Unhealthy 16 3.5 (1.3, 5.7) 0.002 91% 

Subgroup analyses of pomegranate juice supplementation on LDL 
Overall effect 19 -4.8 (-9.4, -0.16) 0.04 86% 

Duration (month)  

2 months > 9 -1.8 (-6, 23) 0.4 23% 
2 months  ≤  10 -5.8 (-12.3, -0.7) 0.08 91% 

Intervention dose (ml/day)   

≤300 15 -6 (-11, -0.5) 0.03 86% 
>300 4 0.2 (-3.8, 4.2) 0.9 17% 

Health status   

Healthy 3 -4.8 (-11.6, 2.1) 0.1 0 
Unhealthy 16 -4.9 (-10, 0.2) 0.06 89% 

IG, intervention group; CG, control group; R, randomized; NR, not reported; F, Female; M, Male; NR, not reported; NI, No Intervention; PCOS, polycystic ovary 

syndrome; T2DM, type 2 diabetes mellitus; COPD, chronic obstructive pulmonary disease; CHD, ischemic coronary heart disease. In the age column, either the mean ± 

standard deviations are reported, or the age range of the individuals. L, low risk of bias; H, high risk of bias; U, unclear risk of bias.TC: total cholesterol, TG: Triglyceride, 

HDL: High density lipoprotein, LDL: Low density lipoprotein. 
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Effect of PJ consumption on HDL-C 

Overall, 17 studies with a total sample 

size of 355 in the intervention group and 

316 in the placebo group for HDL-C were 

included in the analysis (Sumner et al., 

2005, Cerdá et al., 2006, González-Ortiz et 

al., 2011, Tsang et al., 2012, Asgary et al., 

2014, Shema-Didi et al., 2014, Fuster-

Muñoz et al., 2016, Kojadinovic et al., 

2017, Manthou et al., 2017, Moazzen, 

Alizadeh 2017, Akbarpour et al., 2019, 

Sohrab et al., 2019, Barati Boldaji et al., 

2020, Esmaeilinezhad et al., 2020, Abedini 

et al., 2021, Kojadinovic et al., 2021, 

Nemati et al., 2021). PJ consumption 

significantly affects HDL-C (MD = 2.8 

mg/dl; 95% CI: 0.9 to 4.72; p = 0.003) 

(Figure 2C).  After subgroup analysis, the 

beneficial effects of PJ on improvement of 

HDL levels remained significant on 

consumption of ≤300 ml/day and whether 

the duration of intervention was more than 

2 months. Moreover, the HDL-C improving 

effects was shown on unhealthy individuals 

(Table 1c). Moreover, the subgroup 

analysis revealed that PJ consumption 

reduced HDL-C when a high dose of PJ 

(>300 ml/day) was used or in studies that 

used a short duration (< 2 months) 

compared with longer duration. In other 

subgroups, consumption of PJ increased 

HDL-C (Figure 2C). 

 

Effect of PJ consumption on LDL-C 

The final result of the meta-analysis 

with 19 treatment arms (343 cases and 300 

control subjects) indicated a significant 

reduction in LDL-C levels (MD: -4.8 

mg/dl, 95% CI: -9.4 to -0.16, p = 0.04). In 

the subgroup analysis based on the 

administered dosage, LDL-C significantly 

decreased following the consumption of 

≤300 ml/day PJ (MD= -6 mg/dl, 95 % CI -

11, -0.5, p = 0·03). Further subgroup 

analyses did not reveal any additional 

findings (Figure 2D). 

As shown in Table 1c, high I2 values are 

evident among certain outcomes. After 

conducting subgroup analysis, it was 

observed that high I2 values persist among 

the unhealthy subgroup, studies with ≤300 

ml/day, and studies with an intervention 

duration of 2 months or longer. Upon closer 

examination of Table 1a, it was discovered 

that among the 10 studies with 

interventions lasting less than 2 months, 

50% involved healthy individuals, athletes, 

or obese volunteers. Conversely, all 

participants in the seven studies with 

interventions lasting longer than 2 months 

were unhealthy and consumed doses of 

<300 ml per day. Doses exceeding 300 ml 

per day were consistently 500 ml/day (and 

400 ml/day in one study), while doses ≤300 

ml/day varied from 45 to approximately 6 

times more than that (300 ml/day). 
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Figure 2. Forest plot detailing mean difference and 95% confidence intervals (CIs) for the effect of 

pomegranate juice on A) Total Cholesterol (TC); B) Triglyceride (TG); C) High-density lipoprotein 

(HDL); and D) low-density lipoprotein (LDL). 

 

Sensitivity analysis 
The impact of each individual study on 

the overall effect size was assessed through a 

leave-one-out sensitivity analysis. Excluding 

individual trials did not substantially alter the 

overall effects of pomegranate juice (PJ) on 

total cholesterol (TC) or high-density 

lipoprotein (HDL). However, the overall 

effect on triglycerides (TG) was significantly 

influenced by the exclusion of studies by 

Abedini (Abedini et al., 2021)barati, Barati-

Boldagi (Barati Boldaji et al., 2020), , 

Esmaeilinezhad (A and B)( Esmaeilinezhad  

 

et al., 2020), and Nemati (A and B) (Nemati 

et al., 2021) and Shema-Didi ((Shema-Didi 

et al., 2014). Moreover, removing the 

studies conducted by Akbarpour (A) and 

(B) (Akbarpour et al., 2019), Barati-

Boldagi (Barati Boldaji et al., 2020), 

Esmaeilinezhad (B) (Esmaeilinezhad et al., 

2020), Kojadinovic-1 (Kojadinovic et al., 

2017), Manthou (Manthou et al., 2017) 

, Nemati(A) and (B) (Nemati et al., 2021), 

and Sohrab (Sohrab et al., 2019)  resulted in 

changing the overall effect of PJ on LDL 

(Figure 3).  
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Figure 3. Leave-one-out sensitivity analysis for the impact of pomegranate juice consumption on Total 

Cholesterol (TC); Triglyceride (TG); High-density lipoprotein (HDL); and low-density lipoprotein (LDL). 

 

Almost all of the studies that changed 

the previous significant results had 

intervention durations of two months or 

more and low-dose interventions (≤300 

ml/day). This suggests that the significant 

results could be due to high doses in the 

short term. 

 

Meta-regression 

To assess potential linear relationships 

between the dose and duration of 

intervention and changes in lipid profile, 

meta regression analysis were conducted. 

As a result, meta-regression analysis did not 

show a significant association between PJ 

dose (p=0.16) and duration with changes in 

TC (p=0.27). However, the effect of PJ on 

TG, HDL and LDL concentration was  

 

 

associated with dose of intervention (p < 

0.001) (Figure 4 and 5a). Also, it was 

shown that longer duration correlates with 

higher HDL and lower levels of LDL and 

TG. Note that even by removing the study 

conducted by Shema-Didi et al. (Shema-

Didi et al., 2014), which was outlier in 

terms of the duration of intervention, the 

results did not change in meta-regression 

analysis. 

 

Publication bias 

Based on a funnel plot and Egger`s test, 

there was no evidence of publication bias in 

studies evaluating the effect of PJ on TC 

(p=0.18), TG (p=0.75), HDL (p=0.13) and 

LDL (p=0.80). Figure 5b depicts the funnel 

plot for TC. 
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Figure 4. Meta-regression plots of the association between mean changes in plasma lipid concentrations and 

dose of pomegranate juice consumed per day. 
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Figure 5. (a) Meta-regression plots of the association between mean changes in plasma lipid concentrations and 

duration of supplementation with pomegranate juice. (b) Funnel plots detailing publication bias in the studies 

reporting the impact of pomegranate juice on total cholesterol 

 

 

Discussion 
This updated meta-analysis includes 17 

studies evaluating the effects of pomegranate 

juice (PJ) consumption on lipid profiles. The 

findings suggest that PJ intake is associated 

with significant reductions in low-density 

lipoprotein (LDL) and triglyceride (TG) 

levels. Additionally, PJ consumption has a 

significant positive effect on high-density 

lipoprotein (HDL) concentration, while no 

significant change was observed in total 

cholesterol (TC) levels. The underlying 

mechanisms through which PJ influences 

lipid metabolism remain unclear and warrant 

further investigation.  

Human clinical trials have provided 

evidence that PJ may exert lipid-lowering 

effects through multiple mechanisms. 

Aviram et al. (2004) demonstrated that 

daily PJ consumption significantly 

enhanced paraoxonase-1 (PON1) activity 

and reduced LDL oxidation in healthy 

individuals, supporting its antioxidative and  

 

 

antiatherogenic properties. Similarly, 

Sohrab et al. (2019) showed that PJ 

improved lipid profiles and reduced 

inflammatory markers such as high-

sensitivity C-reactive protein (hs-CRP) in 

patients with type 2 diabetes. These 

findings suggest that PJ may modulate lipid 

metabolism via antioxidative and anti-

inflammatory pathways in humans. A study 

by Hosseini et al. suggests that PJ may 

lower cholesterol levels by inhibiting 

HMG-CoA reductase, an enzyme 

responsible for cholesterol synthesis 

(Hosseini et al., 2013). In a randomized 

clinical trial, PJ intake for 12 weeks 

improved lipid profiles in patients with type 

2 diabetes, resulting in reductions in TC and 

LDL-C (Sohrab et al., 2019). Furthermore, 

a study conducted on healthy adults showed 

that consuming natural polyphenol-rich PJ 

after resistance exercise can improve lipid 

profiles and reduce LDL-cholesterol 

(Ammar et al., 2020). It is worth noting that 
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discrepancies among the included trials 

may be attributed to factors such as small 

sample sizes, variations in supplementation 

duration, and differences in dosage and 

form of pomegranate used. 

Concentrated pomegranate juice (CPJ) 

has the potential to affect TG and HDL-C 

levels by increasing serum paraoxonase 

activity which is an antioxidant enzyme 

found in the HDL complex. This enzyme 

plays a role in protecting blood lipids from 

oxidation. The polyphenol content in CPJ, 

including compounds like punicalagin, 

gallic acid, and ellagic acid, binds to HDL 

(Aviram et al., 2004, Sohrab et al., 2019). 

PJ can increase the activity of PON1 

through mechanisms such as reducing fat 

peroxides or directly affecting the enzyme 

itself (Estrada-Luna et al., 2018). As a 

result, PJ has the ability to reduce 

cholesterol absorption, increase cholesterol 

excretion, and modulate key enzymes 

involved in cholesterol metabolism, such as 

HMG-CoA reductase and acyltransferase 

(Esmaillzadeh et al., 2006, Sohrab et al., 

2019). PJ also stimulates macrophages to 

release HDL, which helps prevent HDL 

depletion (Kaplan et al., 2001). 

Moreover, PJ may influence blood 

lipids by up-regulating various enzymes 

and factors involved in lipid metabolism, 

including hormone-sensitive lipase, fatty 

acid synthase, pyruvate kinase, acetyl-CoA 

carboxylase 1, sterol regulatory element-

binding protein-1C (SREBP-1C), and 

adiponectin (Medjakovic and Jungbauer 

2013). Pomegranate's ability to regulate the 

expression of genes involved in lipogenesis 

and fatty acid oxidation in the liver, along 

with its capacity to increase PON1 

expression and activity, which prevents 

LDL oxidation in HDL particles, are factors 

that contribute to its anti-atherogenic and 

lipid-lowering effects (Estrada-Luna et al., 

2018). Additionally, PJ may suppress 

cholesterol synthesis in macrophages and 

degradation of oxidized LDL (Fuhrman et 

al., 2005). The hypocholesterolemic effects 

of certain polyphenols, particularly 

procyanidins with a high molecular weight, 

are attributed to reduced cholesterol 

absorption in the intestine. Differences 

between studies may arise from variations 

in the polyphenol contents of different 

pomegranate cultivars (Ogino et al., 2007). 

Several studies have suggested that the 

down-regulation of acetyl-CoA 

carboxylase prevents the accumulation of 

TG in the liver (Zang et al., 2006, Ogino et 

al., 2007). Furthermore, polyphenols found 

in pomegranate, such as gallic acid, as well 

as other phytochemicals like punicic acid, 

have been found to reduce TC, 

triacylglycerol, and LDL-cholesterol 

concentrations in obese mice (Jang et al., 

2008, Hontecillas et al., 2009). Although 

the precise mechanism of action of PJ is not 

fully understood, it is believed to involve 

peroxisome proliferator-activated receptors 

(PPARs) which play a role in regulating 

lipid metabolism (Hsu, Huang 2007). 

Punicic acid and gallic acid found in 

pomegranates can activate PPAR-α which 

in turn, activates genes involved in lipid 

metabolism (Viladomiu et al., 2013). 

This meta-analysis has certain 

limitations that should be acknowledged. 

Firstly, some of the clinical studies included 

in the analysis had small sample sizes, 

which may affect the generalizability of the 

findings. Additionally, the lack of 

standardization in PJ preparations across 

studies introduces variability in potency 

and composition. Moreover, variations in 

participant characteristics, such as age, sex, 

health status, and dietary/lifestyle factors 

might have introduced confounding factors 

that can influence the results. Finally, the 

presence of potential publication bias is an 

inherent limitation to meta-analyses which 

should be considered upon interpretation of 

findings. Our results partially align with 

those of Sahebkar et al. (2016), who 

reported modest effects of pomegranate 

supplementation on LDL-C and HDL-C, 

but no significant effect on TG. In contrast, 

our updated meta-analysis, which includes 

more recent trials and focuses exclusively 

on PJ (rather than combining capsules and 

extracts), identified a significant reduction 
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in TG levels. Moreover, our use of meta-

regression and detailed subgroup analyses 

allowed a more nuanced interpretation of 

intervention effects. 

In conclusion, based on the available 

RCTs, the current systematic review and 

meta-analysis suggest that PJ consumption 

may have beneficial effects on lipid profile. 

However, it is important to note that further 

research is warranted.  

A large prospective randomized trial 

utilizing a standardized PJ preparation and 

an adequate sample size is needed to 

confirm the potential beneficial effect of PJ 

on lipid profile. Furthermore, such a study 

could explore the possible synergistic 

effects of PJ when used in conjunction with 

lipid-lowering medications and anti-

diabetic drugs. Future research should aim 

to conduct high-quality RCTs using 

standardized PJ formulations with well-

characterized polyphenol content. Studies 

targeting specific populations—such as 

individuals with type 2 diabetes, metabolic 

syndrome, or familial 

hypercholesterolemia—are needed. 

Furthermore, trials should evaluate longer 

intervention durations, examine dose–

response relationships, and explore 

mechanistic biomarkers such as CRP, IL-6, 

and expression of genes relevant to lipid 

metabolism. 
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