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Abstract

Consumption of plum does not yet clearly affect the lipid profile. To ascertain the
advantages of plum consumption on adult lipid profiles, we conducted a systematic
review and meta-analysis. We used pertinent keywords to search the databases of
PubMed, Scopus, and ISI Web of Science up to November 10th, 2022, in order to
find trials that were eligible. According to the analyses, eating plum significantly low-
ers LDL levels compared to controls (WMD: -12.50mg/dL, 95% Cl: -22.06, -2.94,
p=.010). Although plum consumption did not result in significant changes in TG
(WMD: 0.56 mg/dL, 95% Cl: -6.02, 7.15, p=.866), TC (WMD: -12.35mg/dL, 95% Cl:
-25.05, 0.37, p=.057), and HDL concentrations (WMD: -0.39 mg/dL, 95% Cl: -4.69,
3.89, p=.855) compared to the control group. Intake of plums, particularly the inter-
vention type of dried plums, significantly decreased TC levels in unhealthy subjects,
according to subgroup analysis. The consumption of plums had a notably statis-
tically significant effect on LDL levels when the intervention type was dried plum
and unhealthy subjects were enrolled. Due to the very low to moderate quality of
meta-evidence, to show how eating plum improves lipid profile, further high-quality

research are still essential.
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1 | INTRODUCTION

Cardiovascular disease (CVD) is a leading cause of mortality world-
wide (Hong et al., 2021). According to the European Society of
Cardiology, approximately 113 million individuals in the 57 mem-
ber countries experienced cardiovascular diseases (CVD) in 2019.
These diseases were responsible for 45% of deaths in women and
39% of deaths in men (Timmis et al.,, 2022). CVD also contrib-
uted to 35.5% of all deaths in South Asia (Joseph et al., 2022). In
about 36 percent of people with heart disorders, the risk factors

of increased blood pressure, diabetes, and higher serum lipid lev-
els are present (Stewart et al., 2020). Dyslipidemia refers to an
elevated amount of serum TC, LDL-C, and TG and a lower HDL-C
because of problems with lipoprotein metabolism. Dyslipidemia
increases CVD and atherosclerosis-related risk (Al-Duais & Al-
Awthan, 2021). Cholesterol-lowering medications are used to
treat hyperlipidemia, but these medications' detrimental conse-
quences include muscle weakness and liver damage and incur high
healthcare costs (Chai et al., 2012). Plum belongs to the Rosaceae

family, and its laxative properties are due to its high fiber content
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FIGURE 1 Flow chart of study selection for inclusion trials in the systematic review.

85UB017 SUOWILLOD BATE81D 3ded!|dde ayy Aq pausenob 8. ssolle O ‘88N JO Sa|ni o} A%l 8UlUO A8]IAA UO (SUORIPUOD-PUR-SUIB)ALI0D" A 1M ALeiq 1 Bu1 [UO//:SANY) SUORIPUOD pue SWie | 8U188S *[520z/c0/TT] uo Ariqiauluo A|im * (-ouleAnge ) sqnopesy - UeeAre psaueu Ag 0001 EUSI/Z00T OT/I0P/W0d A8 im Areiq Ul juo//Sdiy Wwo.j pepeojumoq 'S ‘vZ0g ‘LLT.870T



HEYDARIAN ET AL.

3082
—I—Wl LEY-

(lgwe & Charlton, 2016). Prunes are known to have been iden-
tified as having antioxidant properties. The high fiber content
and various phytochemicals (Chlorogenic acids, Neochlorogenic,
Cryptochlorogenic, Gallic acid, Caffeic acid, Quercetin, Cyanidin,
Proanthocyanidins, and Delphidinin), Which are found in both
dried plums and prune juice, benefits human health, including can-
cer, and CVD prevention (Stacewicz-Sapuntzakis, 2013). Various
plum products for consumption (dried plums, juice, essence, etc.)
have been evaluated in studies, and different outcomes have
been reported (Bhaswant et al., 2019; Chiu et al., 2017; Howarth
et al., 2010). Studies suggest that Prunes contain antioxidant,
anticancer, antidiabetic, cardioprotective, and neuroprotective
effects (Chiu et al., 2017; Stacewicz-Sapuntzakis, 2013). Plums
contain high amounts of soluble and insoluble fiber, such as pectin
and cellulose. Soluble fiber possibly reduces cholesterol absorp-
tion and increases bile excretion (Hong et al., 2021). Accordingly, it
prevents the accumulation of cholesterol in the blood vessels and
bile ducts (Walkowiak-Tomczak, 2008). Another likely mechanism
of plums' property of reducing serum TG is that plums' effect could
increase the expression of PPARx mRNA. Activation of PPAR« re-
duces Apoc-lll expression and induces lipoprotein lipase, decreas-
ing serum TG (Utsunomiya et al., 2005). In obese, diabetic, and
lean animal models, plum Ekisu (concentrated juice) and plum juice
have improved lipid disorders (Tucakovic et al., 2018; Utsunomiya
et al., 2005). In a study, taking dried plums at a dose of 50-100g
per day had beneficial effects on total cholesterol and HDL levels
in postmenopausal women (Hong et al., 2021). In another study,

Queen Garnet Plum Juice (QGPJ) consumption had no discernible

TABLE 1 Characteristics of the included studies.

impact on the level of the lipid profile (Noratto et al., 2015). Given
that it was still unclear how plum modified plasma lipids, We opted
to perform a comprehensive systematic review and meta-analysis

in order to gain further insights.

2 | METHODS

This study utilized the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) methodology, which is a
standardized approach for conducting systematic literature re-
views and meta-analyses (Moher, Liberati, Tetzlaff, Altman, &
Group*, 2009) (File S1).

2.1 | Search methodology

We conducted a comprehensive literature search using online da-
tabases., including PubMed, Scopus, and ISI Web of Science, up
to November 10th, 2022, as a result of discovering related arti-
cles. We employed our search strategy, which comprises these
keywords: (“black plums” OR “eugenia jambolana” OR “syzygium
cumini” OR “jamun” OR “plums” OR “prunus salcina” OR “prunus
damestica” OR “prunes” OR “prunes juice” OR “plum tree” OR
“plum trees” OR “plum” OR “plums” OR “prunus cerasifera” OR
“cherry plum tree” OR “cherry plum trees” OR “prunus salicina”
OR “japanese plum” OR “japanese plums”) AND (Intervention OR
“Intervention Study” OR “Intervention Studies” OR “controlled

Sample size
_— Trial
duration
Studies Country Study design Participant Sex IG CG (week)
Tinker et al. (1991) USA Crossover Mild hypercholesterolemic M/F 41 41 4
Howarth et al. (2010) USA Crossover Healthy F 26 26 2
Ahmed et al. (2010) Pakistan R Pre-hypertensive adult patients M/F 31 16 8
Ahmed et al. (2010) Pakistan R Pre-hypertensive adult patients M/F 24 17 8
Chai et al. (2012) USA R Healthy postmenopausal women F 55 45 12
Santhakumar Australia R, DB, crossover Healthy M/F 13 13 4
et al. (2015)
Chiu et al. (2017) Taiwan R, PC, CO Mild hypercholesterolemic F:33M: 27 20 10 4
Chiu et al. (2017) Taiwan R, PC, CO Mild hypercholesterolemic F:33M: 27 20 10 4
Tucakovic et al. (2018)  Australia R, DB, PC, Healthy F: 10M:11 20 20 4
crossover

Clayton et al. (2019) USA Parallel Healthy overweight adult F:30M:19 24 21 8
Bhaswant et al. (2019) Australia R, DB Mild hypercholesterolemic F: 14M:15 14 15 12
Hong et al. (2021) USA Parallel, CO Postmenopausal women F 14 7 24
Hong et al. (2021) USA Parallel, CO Postmenopausal women F 13 6 24

Abbreviations: BMI, body mass index; CG, control group; CO, controlled; DB, double blind; F, female; IG, intervention group; M, male; NR, not

reported; PC, placebo-controlled; R, randomized.
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trial” OR randomized 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 “dou-
ble 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”). Our search was not limited by publication date or
language. In order to ensure that all articles were cited, All rel-

evant papers' citations were also verified.

2.2 | |Inclusion criteria

We took into account trials in our investigation if they fulfilled the
following criteria: (1) Randomized controlled trials; (2) studies that
recruited adults (218years); (3) consisted of consuming plum; (4)
RCTs lasting a minimum of 2weeks of intervention duration; (5)
Types of plum products (dried plums, juice, essence, and the rest...);
(6) The studies assessed the serum lipid profile as a measure of the

outcome for both the control and intervention categories.

2.3 | Exclusion criteria

After reviewing the entire contents of the nominated publications,
the following selection conditions were used to determine whether
studies should be excluded from our meta-analysis research: (1)

Cohort, cross-sectional, and case-control studies; (2) review articles;

(3) ecological studies; and in the absence of a control group during

examinations.

2.4 | Dataextraction

For each qualifying RCT, two separate researchers (AH and NT)
completed the data extraction process. The following information
was extracted for both the control and intervention groups: the
name of the first author, the publication year, the study site, the
study design, the sample size for each group, participant charac-
teristics such as mean age, sex, and BMI, the study dosage and
duration, and the mean changes and standard deviations (SDs) of
lipid profile markers throughout the trial. If the data were pro-
vided in various units, we converted them to the unit that was

most commonly used.

2.5 | Quality assessment

Utilizing the Cochrane Collaboration's modified risk of bias methodol-
ogy, which evaluates the likelihood of bias in seven different catego-
ries of RCTs, including random sequence generation to ensure proper
randomization, allocation to verify if participant distribution was con-
ducted by an unbiased and unaware person, reporting bias to assess
if all relevant factors related to the object were reported, incomplete
outcome data to check if both pre- and post measurements were re-

ported, blinding of participants, personnel, and outcome assessors, as

Means age Means BMI Intervention
Prune dose
1G CG 1G CG Prune type (g/day) Control group
46.5+12.4 46.5+12.4 NR NR Prunes 100 Grape juice
36.4+9.2 36.4+9.2 NR NR Dried plum 90 Low fat cookie
4949 42+10 NR NR Dried plum in water 11.5 Water
42+12 42+10 NR NR Dried plum in water 23 Water
57.5+4.01 55.6+5 24.9+4.6 24.8+4.1 Dried plum 75 Dried apple 100 gr
30+3 30+3 NR NR Queen Garnet plum juice 200mL Placebo juice
18-53 18-53 21.57+2.45 23.59 +4.04 Prune essence concentrates 50mL 50mL of simulated
prune drink
18-53 18-53 22.82+2.98 23.59 +4.04 Prune essence concentrates 100mL 50mL of simulated
prune drink
18-65 18-65 24.61+2.64 24.34+2.54 Queen Garnet plum juice 200mL/day  Placebo drink
35.3+12 39.6+11.1 33.1+31.8 291+16.1 Dried plum 83.6 Low fat muffin
47 +11 38+14 NR NR Queen Garnet plums juice 250mL/day  Raspberry cordial
68.5+4.3 7129 24.8+3.9 25+4.3 Dried plum 50 No intervention
704+3.7 71+2.9 249+4 25+4.3 Dried plum 100 No intervention
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well as other bias sources, the quality of eligible publications was eval-
uated by examiners independently (AH and OA) (Higgins et al., 2011).
As a result, adjectives like “Low,” “High,” or “Unclear” were employed
to rate each domain. Additionally, the third author rectified any
discrepancies.

2.6 | Statistical analysis

Present examination, The DerSimonian and Laird approach was fol-
lowed to collect the weighted mean differences (WMD) and stand-
ard deviations (SD) of TC, TG, LDL-C, and HDL-C between the plum
and control conditions. These values were then used to calculate the
total effect sizes using the random-effects model. (DerSimonian &
Laird, 1986). In cases where the provided mean changes were absent,
we computed them using the specified formula: mean change =final
values minus baseline values, and the changes in standard devia-
tion (SD) were calculated using the following formula (Borenstein
etal., 2011):

SD change = \/ [(SD baseline)? + (SD final)? — (2R x SD baseline x SD ﬁnal)]

The researchers converted the reported outcome variables
(HDL-C and LDL-C, TG, and TC) from mmol/L to mg/dL using the
existing applicable formulas. In addition, we utilized the Hozo
et al. method to transform standard errors (SEs), 95% confidence
intervals (Cls), and interquartile ranges (IQRs) into standard devi-
ations (SDs) (Hozo et al., 2005). We used a random-effects model,
which takes into account variances between studies when deter-
mining the overall impact size. Additionally, we used the I-square

(1%) statistic and Cochran's Q test to examine between-study

TABLE 2 Risk of bias assessment.

Random

sequence Allocation Selective
Studies generation concealment reporting
Tinker et al. (1991) L L L
Howarth et al. (2010) L L H
Ahmed et al. (2010) L L L
Chai et al. (2012) L L H
Santhakumar L L L

et al. (2015)

Chiu et al. (2017) L L L
Tucakovic et al. (2018) L L L
Clayton et al. (2019) L L L
Bhaswant et al. (2019) L L L
Hong et al. (2021) L L L

heterogeneity (%) (Higgins et al., 2003). High between-study het-
erogeneity was defined as I>>40% or p-value <.05. To identify
potential heterogeneity sources (Higgins & Thompson, 2002).
Study duration (<8 and>8weeks), Intervention type dried plum
(prunes), Queen Garnet (QG) plums, prune essence concentrates
(PEC), baseline serum levels of the lipid profile, and Health sta-
tus (healthy and unhealthy) were the pre-planned parameters
that were used to create subgroup analyses. The study utilized
fractional polynomial modeling to analyze the potential non-
linear impacts of treatment duration (measured in weeks). In
addition, we employed meta-regression analysis to differenti-
ate between confounding variables and the linear associations
among effectiveness size, number of samples, and intervention
length (Mitchell, 2012). A sensitivity analysis was performed to
establish how each individual study affected the total estimation
(Tobias, 1999). The visually inspected funnel plot test and Egger's
regression analysis were performed to evaluate the probability
of publication bias (Egger et al., 1997). STATA version 11.2 was
used for the quantitative evaluation (Stata Corp, College Station,
TX). p-Values less than .05 were regarded in all analyses as sta-

tistically significant.

2.7 | Certainty assessment

The overall level of certainty in the evidence from all the studies
was assessed using the guidelines provided by the GRADE (Grading
of Recommendations Assessment, Development, and Evaluation)
Working Group. The assessment parameters were used to catego-
rize the value of the findings into four distinct categories: high, mod-

erate, low, and seriously poor. (Guyatt et al., 2008).

Other Blinding Blinding Incomplete  General
sources (participants (outcome outcome risk of
of bias and personnel)  assessment) data bias

L U L L

L H u L M

H H U L M

L H U L M

H L U L L

H H u L M

L L U L L

L H u L L

H L U L L

H H u L M

Note: General Low Risk <2 high risk, General moderate risk=2 high risk, General high risk> 2 high risk.

Abbreviations: H, High; L, Low; M, Moderate; U, Unclear.
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3 | RESULTS

3.1 | Study selection

Initially looking, we found 2875 records; 713 duplicates were found

and eliminated. 18 papers were kept for additional review after being

(@)

(b)

Study

Tinker et al. 1991
Ahmed (A) etal. 2010
Ahmed (B) etal. 2010
Howarth et al. 2010
Chai etal. 2012

Santhakumar et al. 2015

Chiu (A) etal. 2017
Chiu (B) etal. 2017

Tucakovica et al. 2018

Clayton et al. 2019
Bhaswanta et al. 2019
Long (A) etal. 2021
Hong (B) et al. 2021

—_—

first filtered according to the title and summary. Due to the require-
ment that the articles fit the inclusion criteria, eight were excluded.
Subsequently, 10 trials that met the inclusion criteria were consid-
ered in the amalgamation of qualitative and quantitative data (meta-
analysis) (Figure 1) (Ahmed et al., 2010; Bhaswant et al., 2019; Chai
et al., 2012; Chiu et al., 2017; Clayton et al., 2019; Hong et al., 2021;

%
Effect (95% CI)  Weight
11.51(9.24,13.78)  10.12
12.20(6.37,18.03)  9.48
6.42(-12.43,-041)  9.44
222,10 (-32.73,-11.47) 8.08
+ 19.00(17.75,20.25) 10.20

11.50(-3.34,26.34) 6.74
-2.80(-9.14,3.54) 9.35
-1.44 (-9.47, 6.59) 8.89

-9.73(-27.25,7.79) 594
-4.10(-14.54,6.34) 814

0.00(-27.83,27.83) 3.62

-5.30(-27.60,17.00) 4.71

VTTTTTT

-9.90(-29.76,9.96)  5.30

Overall, DL (I’ = 94.6%, p = 0.000) < 0.57 (-6.02,7.15)  100.00
I I
-20 mg/dL 0 20 mg/dL
NOTE: Weights are from random-cfiects model
%
Study Lllect (95% CT) Weight
Tinker et al. 1991 5 * -4.63 (-5.66, -3.60) 9.08
Ahmed (A) et al. 2010 - i -43.52 (-46.61, -40.43) 9.04
Ahmed (B) et al. 2010 b i -30.30(-33.37,-27.23) 9.04
Chai et al. 2012 i —— 20.00(13.54,26.46) 8.88
Santhakumar et al. 2015 i—-— -0.77 (-18.32,16.78) 7.75
Chiu (A) etal. 2017 — 5.85(-16.25,4.55) 857
Chiu (B) etal. 2017 —t -8.15(-19.22,2.92)  8.50
Tucakovica et al. 2018 E —_— 17.38(2.24,32.52)  8.05
Clayton et al. 2019 i—ﬁ'— -2.70 (-14.75,9.35) 840
Bhaswanta et al. 2019 + -15.45(-31.72,0.82) 791
Hong (A) et al. 2021 —0—%—- -20.80 (-43.86,2.26)  7.00
Hong (B) etal. 2021 ~ ———¢— E -55.10(-72.53, -37.67) 1.77
Overall, DL (I’ = 98.7%, p = 0.000) <> -12.36(-25.09, 0.38) 100.00
T T
-50 mg/dlL. 0 50 mg/dL

NOTE: Weights are from random-effects model

FIGURE 2 Forest plot detailing weighted mean difference and 95% confidence intervals (Cls) for the effect of plum consumption on (a)
TG (mg/dL); (b) TC (mg/dL); (c) LDL (mg/dL); (d) HDL (mg/dL).
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(c)

%
Study Elfect (95% CI) Weight
Tinker et al. 1991 E * -6.56 (-7.52,-5.60)  11.19
Ahmed (A) et al. 2010 - -31.85 (-34.02, -29.68)11.14
Ahmed (B) et al. 2010 - i -25.47 (-27.60, -23.34)11.14
Santhakumar et al. 2015 i —t— 33.20(9.44, 56.96) 6.62
Chiu (A) etal. 2017 -:_0— -5.76 (-14.74,3.22)  10.19
Chiu (B) etal. 2017 -;—0— -4.92 (-14.66,4.82)  10.04
Tucakovica et al. 2018 —%—0—— -5.78 (-21.84,10.28) 8.51
Clayton et al. 2019 —0—%- -24.00 (-36.31,-11.69) 9.45
Bhaswanta et al. 2019 —*%— -15.45 (-37.56,6.66) 7.01
Hong (A) et al. 2021 —0—6— -17.50 (-40.58,5.58)  6.78
Hong (B) et al. 2021 —_— -18.60 (-36.91,-0.29) 7.94
Overall, DL (Il =98.4%, p = 0.000) Q -12.51 (-22.07, -2.94)100.00

T T
-50 mg/dL 0 50 mg/dL
NOTE: Weights are from random-effects model
(d)

%
Study Tllect (95% CT) Weight
Tinker et al. 1991 1 -0.39(-0.91,0.13) 9.89
Ahmed (A) et al. 2010 . -14.77(-15.72,-13.82) 9.85
Ahmed (B) et al. 2010 . -13.32(-14.32,-12.32)9.85
Chai ct al. 2012 . -2.00(-2.61,-1.39)  9.88
Santhakumar et al. 2015 —_— -15.83(-37.27,5.61) 2.85
Chiu (A) etal. 2017 —— 3.60 (-0.69, 7.89) 9.01
Chiu (B) etal. 2017 -Le— 2.55(-2.00,7.10) 891
Tucakovica et al. 2018 - 2.70 (-2.83, 8.23) 8.50
Clayton et al. 2019 —— 1.30(-3.92, 6.52) 8.64
Bhaswanta et al. 2019 —— 11.59(7.36,15.82)  9.03
Hong (A) et al. 2021 —_— 11.10(3.06,19.14)  7.35
Hong (B) et al. 2021 —_— 4.80(-5.66, 15.26) 6.24
Overall, DL (I =99.0%, p = 0.000) <> -0.40 (-4.69,3.89)  100.00

T T
-50 mg/dL 0 50 mg/dL

NOTE: Weights are from random-effects model

FIGURE 2 (Continued)

Howarth et al., 2010; Santhakumar et al., 2015; Tinker et al., 1991;
Tucakovic et al., 2018).

3.2 | 2thelisted studies' characteristics

Table 1 lists the general features of the studies that were considered.
The research papers were released between 1991 and 2021 and
were performed in the USA (Chiu et al., 2017; Clayton et al., 2019;
Hong et al., 2021; Howarth et al., 2010; Tinker et al., 1991), Pakistan

(Ahmed et al., 2010), Australia (Bhaswant et al., 2019; Santhakumar
et al., 2015; Tucakovic et al., 2018), and Taiwan (Chiu et al., 2017).
The suggested daily dosage of plum ranged from 23 to 250g, and
the duration of follow-up spanned 2-24weeks. Seven studies
(Ahmed et al., 2010; Bhaswant et al., 2019; Chiu et al., 2017; Clayton
et al., 2019; Santhakumar et al., 2015; Tinker et al., 1991; Tucakovic
et al., 2018) conducted on both sexes and others on females (Chai
et al., 2012; Hong et al., 2021; Howarth et al., 2010). The trials en-
compassed samples varying in magnitude from 13 to 100 partici-
pants. A total of 562 individuals took part in these studies, with 315
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TABLE 3 Subgroup analyses of prune consumption on lipid profile in adults.
Heterogeneity
Number of studies WMD (95%Cl) p-Value P heterogeneity ?
Subgroup analyses of prune consumption on TG
Overall effect 13 0.56 (-6.02, 7.15) .866 <0.001 94.6%
Baseline TG (mg/dL)
<150 11 0.09 (-7.00, 7.20) 979 <0.001 94.2%
2150 2 2.90(-15.34,21.15) .755 <0.001 94.7%
Trial duration (week)
<8 -0.78(-8.28, 6.72) .839 <0.001 90.9%
>8 4 2.86(-15.40, 21.13) .759 0.002 79.1%
Health status
Unhealthy 6 2.72 (-5.09, 10.54) 495 <0.001 90.0%
Healthy 7 -2.50(-18.31, 13.30) .756 <0.001 93.8%
Intervention type
1 8 1.32 (-6.40, 9.06) 736 <0.001 95.8%
2 3 1.44(-12.71, 15.60) .842 0.191 39.6%
3 2 -2.27 (-7.25, 2.69) .370 0.794 0.0%
Subgroup analyses of prune consumption on TC
Overall effect 12 -12.35(-25.05, 0.37) .057 <0.001 98.7%
Baseline TC (mg/dL)
2200 2 -6.86 (-15.45, 1.72) 117 0.193 40.9%
<200 10 -12.91(-28.15, 2.32) .097 <0.001 97.8%
Trial duration (week)
<8 -10.49 (-25.77,4.79) 179 <0.001 99.1%
>8 4 -17.32(-53.92, 19.28) .354 <0.001 96.1%
Health status
Unhealthy -18.23(-35.95, -0.51) .044 <0.001 99.3%
Healthy -6.21 (-27.49, 15.06) 567 <0.001 93.3%
Intervention type
1 7 -19.09 (-36.38, -1.79) .030 <0.001 99.3%
2 & 0.58 (-18.76, 19.93) 953 0.015 76.3%
3 2 -6.92(-14.51, 0.65) .073 0.767 0.0%
Subgroup analyses of prune consumption on LDL
Overall effect 11 -12.50 (-22.06, -2.94) .010 <0.001 98.4%
Baseline LDL (mg/dL)
2100 6 -13.96 (-28.63, 0.69) .062 <0.001 98.9%
<100 5 -10.50 (-25.17, 4.17) 161 <0.001 90.1%
Trial duration (week)
<8 -11.16 (-22.05, -0.26) .045 <0.001 98.9%
>8 -17.36 (-29.40, -5.33) .005 0.977 0.0%
Health status
Unhealthy 6 -15.28 (-27.683, -2.94) .015 <0.001 99.2%
Healthy 5 -7.82(-25.23, 9.57) .378 0.001 78.8%
Intervention type
1 6 -20.90(-33.71, -8.08) .001 <0.001 99.2%
2 3.28(-22.98, 29.55) .807 0.007 797%
3 2 -5.37(-11.97,1.22) 111 0.901 0.0%

(Continues)
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TABLE 3 (Continued)

Heterogeneity

Number of studies WMD (95%Cl) p-Value P heterogeneity 12
Subgroup analyses of prune consumption on HDL

Overall effect 12 -0.39 (-4.69, 3.89) .855 <0.001 99.0%
Baseline HDL (mg/dL)

250 6 -0.19 (-1.75, 1.36) .805 <0.001 80.8%

<50 6 -1.02 (-6.87,4.82) 731 <0.001 97.7%
Trial duration (week)

<8 8 -3.56 (-10.10, 2.98) .286 <0.001 99.3%

>8 4 6.17 (-3.07, 15.41) 191 <0.001 94.0%
Health status

Unhealthy 6 -1.99 (-9.40, 5.41) .598 <0.001 99.5%

Healthy 6 1.82 (-2.57, 6.23) 416 0.004 71.2%
Intervention type

1 7 -2.89 (-8.30, 2.50) .293 <0.001 99.4%

2 & 3.89 (-5.94, 13.73) 438 0.004 81.8%

3 2 3.10(-0.01, 6.22) .051 0.742 0.0%

Note: Intervention type 1: dried plum (prunes); 2: Queen Garnet plums; 3: prune essence concentrates.

Abbreviations: Cl, confidence interval; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; TC, Total Cholesterol; TG, Triglycerides; WMD,

weighted mean differences.
p-value < 0.05 is considered statically significant.

being allocated to the plum supplementation group and 247 to the
control group. The individuals involved, who ranged in age from 18
to 71 on average, included patients with Mild hypercholesterolemia
(Bhaswant et al., 2019; Chiu et al., 2017; Tinker et al., 1991), Pre-
hypertensive adult patients (Ahmed et al., 2010), and healthy subjects
(Chai et al., 2012; Clayton et al., 2019; Hong et al., 2021; Howarth
etal., 2010; Santhakumar et al., 2015; Tucakovic et al., 2018) (Table 1).
Furthermore, the risk of bias assessment is presented in Table 2.

3.3 | Effect of plum supplementation on TG

TG was reported as an outcome measure in ten studies with 562
participants (case=315 and control=247) and 13 effect sizes. The
random-effects model's overall findings revealed that eating plums
had no influence on TG levels (WMD: 0.56mg/dL, 95% Cl: -6.02,
7.15, p=.866). Between-study heterogeneity was noted (1P=94.6%,
p<.001) (Figure 2a). In addition, subgroup analysis revealed the

same results (Table 3).

3.4 | Effectof plum supplementation on TC
concentrations

Pooling effect sizes from 9 publications with 12 effect sizes, includ-
ing 510 participants (case=289, and control=221), we found that
plum intake had no significant effect on TC concentrations compared

(WMD: -12.35mg/dL, 95% Cl: -25.05, 0.37, p=.057), with consider-
able between-study heterogeneity (I?=98.7%, p <.001) (Figure 2b).
Subgroup analysis revealed that eating plums significantly reduced
TC levels in those who were unhealthy and when the intervention
type was dried plum (Table 3).

3.5 | LDL content and the response to plum
supplementation

In 11 studies, 410 subjects (case=234 and control=176) were ex-
amined to ascertain plum consumption's effects on LDL levels. The
combined estimations showed that those who took plum supple-
ments had significantly lower LDL concentrations than those who
did not (WMD: -12.50mg/dL, 95% Cl: -22.06, -2.94, p=.010). There
was a significant amount of variability between studies (1>=98.4%,
p<.001) (Figure 2c). Subgroup analysis revealed that when inter-
vention type dried plum and unhealthy subjects were recruited, the

plum intake significantly affected LDL levels (Table 3).

3.6 | Effectiveness of supplementing with plums on
HDL levels

Overall, the impact of plum consumption on HDL levels was inves-
tigated in nine eligible studies with 12 effect sizes, and 510 partici-
pants (case=289 and control=221). Combining their results using
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a random-effects model, our findings indicate that there was no
significant alteration in HDL concentrations after the intervention,
when compared to the control group. (WMD: -0.39 mg/dL, 95% Cl:
-4.69, 3.89, p=.855) with significant between-study heterogeneity
(I?=99.0%, p<.001) (Figure 2d). Subgroup analysis produced no dif-
ferent findings (Table 3).

3.7 | Publication bias

In the meta-analysis examining eating plum's impact on TG (p=.50),
TC (p=.53), LDL (p=.75), and HDL (p=.15), there was no indication
of reporting bias when using Begg's test to assess publication bias.
There was, however, a substantial publication bias for TG (p=.001),
but not for TC (p=.55), LDL (p=.59), or HDL (p=.95), based on
Egger's regression test, a visual inspection of the funnel plot re-
vealed a leftward asymmetry for TG and a symmetrical distribution
for other factors. (Figure 3a-d).
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FIGURE 3 Funnel plots for the effect of plum consumption on
(@) TG (mg/dL); (b) TC (mg/dL); (c) LDL (mg/dL); (d) HDL (mg/dL).

3.8 | Sensitivity analysis

There is no evidence of sensitivity for TG and HDL. However, after
removing studies by Chai et al. (2012) (WMD: -15.51mg/dL, 95% Cl:
-28.74,-2.28), Santhakumar et al. (2015) (WMD: -13.33mg/dL, 95%
Cl: -26.66, -0.00), and Tucakovic et al. (2018) (WMD: -14.96 mg/dL,
95% Cl: -28.25, -1.67), the overall effect of plum intake on TG level
was significantly changed. Also, after the elimination of Ahmed's
study (Ahmed et al., 2010) (B), the effect of plum consumption on
LDL levels was changed to insignificant. (WMD: -10.68 mg/dL, 95%
Cl: -21.96, 0.59).

3.9 | Non-linear and linear dose responses
between duration of plum intake and lipid profile

Plum intake changed HDL significantly based on the dura-
tion of the intervention (r=-18.71, P-nonlinearity=0.045) in a
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FIGURE 3 (Continued)
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FIGURE 4 Non-linear dose-response relations between prune consumption and absolute mean differences. Dose-response relations
between duration of intervention (week) and absolute mean differences in (a) TG (mg/dL); (b) TC (mg/dL); (c) LDL (mg/dL); (d) HDL (mg/dL).

non-linear fashion. Additionally, significant associations with
other outcomes in non-linear dosage patterns were not observed
(Figure 4a-d).

The potential relationship between a change in lipid profile
and the length of the intervention was investigated using meta-
regression using the random-effects model. Nevertheless, a notable
linear correlation was observed between the duration of the inter-

vention and the alterations in LDL levels. (Figure 5a-d).

3.10 | Grading of evidence

The GRADE methodology was employed to assess the level of cer-
tainty of the evidence (Table 4) and concluded that the evidence for
LDL-C is of moderate quality due to significant inconsistency, while
the evidence for TC and HDL is of low quality due to serious impre-

cision and inconsistency. Nevertheless, the evidence supporting TG
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FIGURE 4 (Continued)

was deemed of poor quality as a result of its significant variability,

imprecision, and publication bias.

4 | DISCUSSION

Prunes are rich in polyphenols and have antioxidant activity;

previous in vitro and in vivo data showed a decrease in oxidative

stress, anti-inflammatory effects, and lipid profile improvement
from prunes (Bu et al., 2009; Donovan et al., 1998; Gallaher &
Gallaher, 2008; Kumar et al., 2009; Lucas et al., 2000). These posi-
tive results led to the first human clinical trial studies that looked
at how plums affected people's lipid profiles. In this way, this sys-
tematic review and meta-analysis was intended to determine how
eating plum could influence the lipid profiles of adults. The quali-

tative and quantitative analysis of the 10 studies that were eligible
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FIGURE 5 Linear dose-response relations between prune consumption and absolute mean differences. Dose-response relations
between duration of intervention (week) and absolute mean differences in (a) TG (mg/dL); (b) TC (mg/dL); (c) LDL (mg/dL); (d) HDL (mg/dL).

Each circle is a study and the size of each circle shows its effect size.

for this study showed that eating plum did not change the levels
of TG, TC, or HDL-C. However, LDL-C concentrations decreased
significantly compared to the control.

Subgroup analysis revealed that the consumption of plums had
a significant effect on lowering total cholesterol (TC) levels in indi-
viduals with poor health and when the intervention involved dried
plums. When the intervention type was dried plum and unhealthy
participants were recruited, plum consumption significantly af-
fected LDL levels. Tucakovic et al. demonstrated that consumption

of Queen Garnet Plum Juice (QGPJ) did not alter the lipid profile level
in healthy subjects (Tucakovic et al., 2018). In line with our findings,
a previous study found that eating 100 g of prunes daily for 6 weeks
reduced LDL-C and TC levels in patients with moderate hypercholes-
terolemia. In addition, there were no notable alterations in the levels
of HDL or TG; this study lacked a control group (Walkowiak-Tomczak
et al.,, 2018). Similarly, According to a cross-over design study by
Tinker et al., men with mild hypercholesterolemia who consumed
12 prunes per day for 8 weeks saw an increase in fiber intake and a
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FIGURE 5 (Continued)

decrease in LDL and total cholesterol levels. However, there were
no discernible improvements in HDL and triglyceride levels (Tinker
et al.,, 1991). The results of a randomized, crossover study design
with 2weeks of washout showed that healthy postmenopausal
women who consumed six prunes (dried plum) (approximately 42 g)
or two prunes (approximately 14 g) daily for 2weeks had no signif-
icant changes in total cholesterol, LDL-C, HDL-C, or TG during the
study protocol. In this study, the low duration of prune intake and the

Effect size

normal baseline LDL-C levels of participants have been mentioned
as the reasons for no significant improvements in LDL (Al-Dashti
et al., 2019). A previous study found that giving 12 healthy people
450g of plums and 530g of cherries simultaneously for 2weeks
reduced serum TC concentrations significantly. However, no obvi-
ous differences were discovered in LDL-cholesterol, TG, or HDL-C
(Sung et al., 2005). Howarth et al. (2010) reported that taking dried
plums as a snack can help reduce total fat consumption and increase
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TABLE 4 GRADE profile of prune consumption for lipid profile.

Number of intervention/

control

Quality of evidence

o000

Very Low

Publication bias

Indirectness Imprecision

Inconsistency

Risk of bias

Outcomes

562 (315/247)

No serious limitation Serious limitation? No serious limitation Serious limitation® Serious limitation®

TG

e0O0

Low

No serious limitation 510 (289/221)

Serious limitation®

No serious limitation

No serious limitation Serious limitation?

TC

Moderate

LI @)

410 (234/176)

No serious limitation Serious limitation? No serious limitation No serious limitation No serious limitation

LDL

o000

Low

No serious limitation 510 (289/221)

Serious limitation? No serious limitation Serious limitation®

No serious limitation

HDL
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98.4%), and HDL-C (1=99.0%).

94.6%), TC (I?=98.7%), LDL-C (=

PThere is no evidence of significant effects of prune consumption on TG, TC, and HDL-C.

There is significant heterogeneity for TG (I?

.001).

“There is significant publication bias for TG (p

fiber. Triglyceride levels did not change in this study with dried plum
consumption. The findings from an animal study indicated that, in
normal rats, both Prunus divaricata freeze-dried juice (PFDJ) pow-
der (200, 400, and 800mg/kg) and Prunus divaricata freeze-dried
hydroalcoholic extract (PFDE) powder (100, 200, and 400mg/kg)
were not adequate to diminish serum TC, LDL-cholesterol TG, and
improved HDL-C levels. However, all test doses of PFDJ (200, 400,
and 800mg/kg) and two higher doses of PFDE (200, 400 mg/kg, but
not 100mg/kg) were able to significantly lower serum TG levels in
diabetic rats. During the treatment's subacute phase (30th day), only
the PFDJ fraction helped lower TC (200, 400, and 800 mg/kg) and
LDL-C (400, 800mg/kg, but not 200 mg/kg). In the diabetic group,
PFDJ (400, 800mg/kg, not 200 mg/kg) likewise raised HDL-C levels
(Minaiyan et al., 2014). Although the effects of prune on TC, TG, and
HDL were insignificant, the effects of prune components such as
chlorogenic acid and Polyphenols have been observed in improving
lipid profiles (Poti et al., 2019; Stacewicz-Sapuntzakis, 2013; Wang
et al., 2019). Even with appropriate food consumption, individuals
with CVD risk factors have been shown to have lower levels of nu-
trients and antioxidants than healthy subjects in earlier research
(Godala et al., 2017; Hadi et al., 2020). Thus, it is not too far from
the truth if adding sources of antioxidants has a better effect on TC
and LDL-Cin people who are not healthy than in healthy people. The
amount of total cholesterol (TC) in the blood decreased when peo-
ple ate more fiber. Fiber and antioxidant components in plums can
promote the elimination of leftover cholesterol in the blood, which
is helped by bile (Trimurtini et al., 2021; Walkowiak-Tomczak, 2008).
An in vitro study revealed that, compared to the prune juice, the
prune extract was a more potent inhibitor of LDL oxidation, and both
strongly prevented LDL oxidation in the plasma of healthy partici-
pants (Donovan et al., 1998). The lower risk of serious CVD events
was significantly positive correlation with lowering LDL-C, accord-
ing to the prior study. A 1mmol/L reduction in LDL-C levels was as-
sociated with a 21 percent decrease in the prevalence of vascular
events (Shimizu et al., 2015). An inflammatory response causes LDL
oxidation in the arterial walls, and macrophages engulf the oxidized
LDL and become foam cells, causing plague formation. For athero-
sclerosis to be less common, LDL oxidation and plaque development
may need to be prevented. Contrarily, the fiber and polyphenols in
prunes may alter the composition of the gut's microbial population
by boosting the growth of prebiotics and probiotics, which reduce
inflammation while increasing the production of short-chain fatty
acids (SCFAs) and decreasing the levels of lipopolysaccharides (LPS).
These modifications may lessen the development of atherosclerotic
plaque (Foley, 2020; Stacewicz-Sapuntzakis et al., 2001).

4.1 | Strengths and limitations

An important advantage of this systematic review and meta-analysis
was its thorough examination of the impact of consuming plums on
lipid profile indices (total cholesterol, low-density lipoprotein, high-
density lipoprotein, and triglycerides) in adults, which had not been
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done before. Simultaneously evaluating the effects of all four indices
allows us to gain a comprehensive understanding of the actual im-
pact of prune consumption on the lipid profile. Furthermore, we used
meta-regression to distinguish confounders and linear relationships
between effect size and sample size, and intervention duration. There
are some limitations and drawbacks to be addressed in the current
meta-analysis study. The absence of high-quality trials is the major
downside of this meta-analysis. Also, there was considerable hetero-
geneity in the results of the investigations included. Several studies
that were part of this meta-analysis used different types of plum prod-
ucts, placebos, and clinical conditions. Thus, it is impossible to reach
clear conclusions in this field, and more research is needed.

5 | CONCLUSION

In conclusion, plum consumption, especially the intervention type of
dried plum, may improve lipid profiles by decreasing TC levels in un-
healthy subjects and also decreasing LDL levels statically. However,
it does not have to affect TG and HDL. Additionally, well-designed
RCTs with longer interventions and bigger sample sizes are neces-

sary to support the effects of plum on lipid profiles.
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