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Abstract

Background and aims Existing evidence on the possible effects of synbiotics on lipid profile is inconclusive. The aim of the
present systematic review was to clarify the effects of synbiotics consumption on lipid profile.

Methods A systematic literature search of online databases PubMed, Scopus, ISI Web of science, Cochrane’s library and
Google Scholar was conducted up to January 2019. Randomized controlled trials (RCTs) investigating the effects of synbiot-
ics on lipid profile in adults were included. The overall effect was presented as weighted mean difference (WMD) and 95%
confidence interval (CI) in a random-effects meta-analysis model.

Results A total of 23 RCTs with 1338 participants were included. Synbiotic consumption resulted in a significant decrease
in plasma concentrations of total cholesterol (WMD =— 10.17 mg/dL; 95% CI — 15.74 to — 4.60; p < 0.001), triglyceride
(WMD = - 14.30 mg/dL; 95% CI — 25.32 to — 3.28; p=0.01), low-density lipoprotein cholesterol (WMD = — 8.32 mg/dL;
95% CI — 13.21 to — 3.43; p < 0.001), and an increase in plasma high-density lipoprotein cholesterol (WMD = 1.3 mg/dL;
95% CI1 0.03 to 2.56; p=0.04) levels compared to control (placebo supplements/control foods/conventional products). The
effects are more pronounced when synbiotics supplements are consumed for > 8 weeks.

Conclusion Synbiotic supplements may be beneficial to improve lipid profile, especially when they are consumed
for > 8 weeks.

Keywords Synbiotics - Lipid profile - Cholesterol - Triglyceride - Meta-analysis

Introduction

Cardiovascular disease (CVD) is a multifactorial disorder
with a high mortality rate. It has been expected that by
2030, CVD will remain the leading causes of death affecting
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approximately 23.3 millions of people worldwide [1]. Dys-
lipidemia, defined by the presence of one or more abnormal
serum lipid concentrations [total cholesterol (TC), triglyc-
eride (TG), low-density lipoprotein cholesterol (LDL-C),
and high-density lipoprotein cholesterol (HDL-C)], is one
of the main risk factors of CVD [2]. Therefore, the preven-
tion and management of dyslipidemia have gained increasing
attention over the past decades. Currently, various treatment
options that target each aspect of the dyslipidemia pathogen-
esis have been explored and advocated, but recent guidelines
encourage combination therapy for the management of mul-
tiple lipid abnormalities [3-5]. As a result, many dietary
constituents and supplements are proposed to benefit lipid
profile and control dyslipidemia.
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In recent years, gut dysbiosis (the imbalance of ben-
eficial and pathogenic bacteria of the gut flora) has been
linked with obesity, diabetes, metabolic syndrome and dys-
lipidemia through excess energy production, disturbance of
host energy metabolism and pro-inflammatory signals [6—8].
Therefore, improving the balance of gut microbial flora can
play a significant role in human health [9, 10]. Probiotics and
prebiotics are proposed as dietary constituents to improve
gut dysbiosis. Probiotic are live microorganisms that when
administered in adequate amounts can have health benefits
for the host [11]. On the other hand, prebiotics are charac-
terized as non-digestible but fermentable food ingredients
(mostly dietary fibers) that positively affect the host by moti-
vating the growth and/or activity of one or a limited number
of desired bacteria in the gut [12]. A mixture of the probiot-
ics and prebiotics, called synbiotics, may have a synergic
effect to improve the endurance of the bacteria passing the
upper part of the gastrointestinal tract and enhancing their
effects in the large bowel [13]. Therefore, many interven-
tions have employed these dietary constituents to investigate
their effects on lipid profile. However, the results of these
studies are inconclusive. Therefore, the current study aims
to investigate the effects of synbiotic consumption on lipid
profile, including TC, TG, LDL-C and HDL-C in adults
using systematic review and meta-analysis of randomized
controlled trials (RCTs).

Methods
Search strategy

Present systematic review and meta-analysis was performed
and reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
Statements [14]. The electronic databases PubMed (https
://www.ncbi.nlm.nih.gov/pubmed), Scopus (https://www.
scopus.com), IST Web of Science (https://www.webofscien
ce.com), Google Scholar (https://scholar.google.com) and
Cochrane library (https://www.cochranelibrary.com) were
systematically searched for relevant articles published before
January 2019. Two reviewers (A.H and E.Gh) independently
searched the aforementioned databases to identify RCTs on
the effects of synbiotic consumption on lipid profile, using
the following MeSH and text keywords: (”probiotics” OR
“synbiotics” OR “symbiotics” OR “Fermented Foods” OR
“Lactobacillus” OR “Bifidobacterium™) AND (“lipid” OR
“cholesterol” OR” chol” OR “hypercholesterolemia” OR
“triglyceride” OR “hypertriglyceridemia” OR “TG” OR
“lipoprotein” OR “hyperlipoproteinemia” OR “LDL” OR
“LDL-C” OR “HDL” OR “HDL-C”). No restrictions on
language, publication time, and study design were consid-
ered. Also, all references of previous relevant meta-analyses,
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systematic reviews, and selected RCTs were manually
reviewed to detect any additional trials that had not been
captured via online database searches.

Study selection

Before the screening process, all publications identified
through the literature search were exported to the Endnote
X8 software (Thomson Reuters, New York) and checked for
duplicated publications. Next, the title, abstract and full text
of potential studies were reviewed for eligible studies. The
eligibility criteria were: (1) original human RCTs either with
parallel or crossover design; (2) which used synbiotic (sup-
plement or food) for intervention; and (3) assessed the effect
of synbiotic on at least one of the lipid parameters, includ-
ing TC, TG, LDL-C, and HDL-C. Studies were excluded if
they: (1) administrated synbiotic in combination with any
other drugs, minerals, or botanicals (unless a separate arm
controlled the effect of the mixed substance); (2) included
participants younger than 18 years of age, or pregnant or
lactating women; (3) had an intervention duration < 2 weeks;
(4) reported duplicate data (in this case, the one with com-
plete follow-up and outcome measures was included); or (5)
were not peer-reviewed articles (protocol or conference pro-
ceeding). The study selection process was undertaken inde-
pendently by two investigators (A.H and M.P) to minimize
potential error. If there was a disagreement, it was resolved
by consensus or involving a third researcher.

Data extraction

Eligible RCTs were reviewed independently by two authors
(A.H and M.P), and the following data were collected using
the standardized extraction forms to guarantee accuracy and
consistency: first author’s name, publication year, location
of studies, participant characteristics (including mean age,
baseline body mass index (BMI), gender, and health status),
the design of the study, duration of intervention, dose and
type of intervention in experimental and comparison groups,
probiotics strains, and mean and standard deviation (SD) of
outcome measures at baseline, post-intervention and if pos-
sible their change from the baseline. Corresponding authors
were contacted by email in case of any missing information.

Quality assessment

Quality assessment of included RCTs was performed by
two reviewers (A.H and E.Gh) individually using Cochrane
Collaboration Risk of Bias tool [15]. The items used for
each included study assessment were the following ones:
sequence generation, allocation concealment, blinding, out-
come assessment, drop-outs and incomplete outcome data,
selective outcome reporting and other potential sources of
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bias. Disagreements between reviewers were resolved by
involving a third author.

Statistical analysis

The statistical analyses were performed using STATA sta-
tistical program version 11.2 (Stata Corporation, College
Station, TX, USA). Prior to the calculation of the effect
size, the concentration of all outcomes (TC, TG, LDL-C,
HDL-C) was converted to mg/dL. If there was a standard
error (SE) for variation of mean in a study, SD was calcu-
lated by the following formula: SE X \/ n. Effect sizes for the
meta-analysis were defined as the weighted mean difference
(WMD; measurement at end trial minus the measurement
at baseline) and 95% confidence interval (CI). When SD of
difference was missing, it was imputed following the method
of Follmann et al. [16] using a correlation coefficient of 0.5.
All meta-analyses were done using the random effects model
which takes the between-study variability into account. The
P index was evaluated to assess heterogeneity. Low, moder-
ate and high heterogeneity were defined as I* index < 40,
40-75 and > 75%, respectively [17]. Subgroup analyses
based on the baseline BMI (overweight or obese), duration
of the intervention (< 8 weeks or "8 weeks), source of the
synbiotic (food or supplement), geographical population,
number bacteria strains (single or multi), and type of prebi-
otic substrate were done to check the sources of heterogene-
ity. Sensitivity analyses were conducted to assess the influ-
ence of individual RCTs on the overall meta-analysis results,
using leave-one-out method. Publication bias was assessed
using Egger’s and Begg’s statistics. A p-value < 0.05 was
considered statistically significant.

Results
Studies characteristics

Figure 1 presents the PRISMA flow chart of study selec-
tion. Overall, 23 studies [1, 10, 18-38] with a total of 1338
participants were included in this meta-analysis. Table 1 out-
lines the main characteristics of included studies. Included
trials were conducted between 2012 and 2018. All studies
followed a parallel design except two [18, 25] that used a
cross-over design. Of the 23 trials, 15 were conducted in Iran
[10, 18-22, 24, 27, 30-32, 34-36, 38], 4 in Brazil [1, 23,
28, 37], and 4 in Italy [26], UK [25], Canada [33] and Chile
[29]. Men and women were included in all trials, except two
studies [28, 32] that included only women and one study that
examined men [1]. Gender was not reported in one study
[23]. Participants were in the age range of 27 and 71 years.
Based on the average BMI of participants at baseline, all
trials included overweight and obese subjects (BMI> 25 kg/

m?). The total daily dose of probiotic consumption varied
between 2x 10'! [25] to 1x 107 [18] colony-forming units
(CFU), and the duration of administration varied between 4
to 28 weeks. Fifteen studies [1, 10, 19-22, 24, 27, 28, 30-32,
35, 36, 38] used a combination of more than two strains, and
eight studies [18, 23, 25, 26, 29, 33, 34, 37] used a single
species of probiotics. Synbiotics were delivered via capsules
in 17 trials [10, 19, 21-27, 29-33, 35, 36, 38] and in six
studies [1, 18, 20, 28, 34, 37] food was used as a vehicle
for delivering synbiotics. Control group consumed placebo
capsules or control food. In 7 studies [20, 22, 23, 26, 27, 30,
33] participants adhered to a special diet or dietary/physical
activity advice, but no specific recommendation or require-
ment was reported in other trials

Study quality and risk of bias findings

Table 2 presents the results of risk of bias assessment of
included studies. The criteria “random sequence genera-
tion®, “incomplete outcome data” and “blinding of par-
ticipants and personnel” were rated as low risk of bias in
all trials. Some trials had unclear risk of bias in the cri-
teria “allocation concealment” [1, 18, 20, 22, 23, 27, 29,
34, 37] and “blinding of outcome assessment” [23, 24, 26,
28, 29, 37]. Most of the studies showed low/unclear risk of
bias based on ‘other sources of bias’. The weakest criteria
assessed was the ‘selective reporting’” with two trials [19,
24] evaluated as high risk of bias and twenty-one [1, 10, 18,
20-23, 25-38] as unclear risk of bias.

The effects of synbiotic consumption on TC

The effect of synbiotics consumption on TC was examined in
23 trials [1, 10, 18-38]. Overall, meta-analysis showed that
synbiotics significantly decrease TC (WMD =— 10.17 mg/
dL; 95% CI: — 15.74 to — 4.60; p < 0.001) with high het-
erogeneity (I>=67.0%, p < 0.001) (Fig. 2). Subgroup
analysis suggested a more pronounced reduction in TC
in studies with duration > 8 weeks (WMD =— 12.15 mg/
dL; 95% CI — 18.56 to — 5.74; I’=43.9%). But the
reduction in trials with duration <8 weeks was not sig-
nificant (WMD =— 7.89 mg/dL; 95% CI — 17.80 to 2.02;
I=80.1%). Subgroup analysis of synbiotics supplements
resulted in a significant reduction in TC (WMD=—9.61 mg/
dL; 95% CI — 15.28 to — 3.94; I2=57.0%); however, the
effect was not significant when food was used to deliver
synbiotics (WMD =— 13.68 mg/dL; 95% CI —29.99 to 2.64;
I =67.0%). Also, subgroup analysis based on geographical
population suggested a significant reduction in TC only in
the subgroup of Iranian studies (WMD =—- 11.57 mg/dL,
95% CI — 18.73 to — 4.41) with a significant subgroup differ-
ence. Using multi strains of probiotics (WMD =-13.84 mg/
dL, 95% CI — 20.66 to — 7.01) and fructooligosaccharide
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Fig. 1 PRISMA flow diagram of study selection process

prebiotics (WMD =— 14.36 mg/dL, 95% CI — 20.39 to
— 8.33) resulted in a significant reduction is TC compared to
their counterparts (Table 3). Meta-analysis results were not
sensitive to individual studies. No evidence of publication
bias was also observed (p=0.32, Begg’s test and p=0.41,
Egger’s test).

The effects of synbiotic consumption on TG

Twenty-three trials reported on the effect of the synbiotics
consumption on TG [1, 10, 18-38]. Synbiotics significantly
reduced TG (WMD =— 14.30 mg/dL; 95% CI — 25.32 to
— 3.28; p=0.01) compared to placebo (Fig. 3). A high het-
erogeneity between the effect sizes of the included studies
was observed (I>=73.8%, p<0.001). To investigate the
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source of heterogeneity, subgroup analyses were performed.
Subgroup analysis of synbiotics source showed a signifi-
cant reduction in TG levels when synbiotic was consumed
as supplement (WMD =— 13.25 mg/dL; 95% CI — 21.01
to — 5.50) with a lower heterogeneity (/>=31.2%). How-
ever, no meaningful effect of synbiotic consumption on
TG levels was observed in the subgroup of food. Subgroup
analysis of intervention duration ~ 8 weeks also resulted
in a significant reduction in TG (WMD =-21.89 mg/dL;
95% CI — 35.02 to — 8.76; 12=66.O%), while the effect
was not significant in the shorter duration subgroup. The
reduction in TG was only observed in the subgroup of
overweight participants (WMD = — 10.61 mg/dL; 95% CI
—21.0to — 0.21; ?=57.3%) with no meaningful reduc-
tion observed in the subgroup of obese individuals. The
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5 subgroup analysis based on geographical population
3 é reported a significant TG reduction only in the subgroup of
. 5 —g_ Iranian studies (WMD = — 19.57 mg/dL, 95% CI — 31.22
%’ o) 3 8’ to — 7.91), multi strains of probiotics (WMD =— 19.58 mg/
2 :% Q dL, 95% CI — 30.84 to — 8.32) and inulin prebiotics
© &= ) (WMD = - 23.03 mg/dL, 95% CI — 40.61 to — 5.44) com-
- _ = pared to their counterparts (Table 3). Excluding individual
= & ) g studies did not result in a significant change in the overall
é B § j?: % = meta-analysis results. No evidence of publication bias was
% g 'qg 2z § % also observed (p=0.54, Begg’s test and p=0.11, Egger’s
E3 E‘:‘ o= ?) S test).
9 S
é § B < g The effects of synbiotic consumption on LDL-C
R 5%
S £ - Z—i The meta-analysis of twenty-one trials [10, 18-27, 29-38]
& 48 é é g 2 o 8 = 4 :3’ 5 § for the mean difference in LDL-C suggested synbiotics con-
g2 W I 2E235E2 EZ ¢z E‘% sumption significantly reduce LDL-C (WMD = — 8.32 mg/
52 |Zo 2 §zc88 2y R, dL; 95% CI — 13.21 to — 3.43; p < 0.001) (Fig. 4). Sub-
§ % 50 ; Z 3 E SE2ET S+ 2 U stantial heterogeneity was observed (I>=70.4%, p < 0.001).
g [2BEE g, 8228 3| £ Source of heterogeneity was explored in subgroup analy-
°E [Ex2252825ciE|£8 Reduction of LDL-C observed i ight sub
gg 5@99%&.‘5%838% e ses. Reduction o -C observed in overweight sub-
= g 5 group (WMD =- 9.04 mg/dL; 95% CI — 16.36 to — 1.72;
) ZLE I?=78.0%) was more pronounced than obese counter-
g 5 § o % 5 parts (WMD = - 7.13 mg/dL; 95% CI — 12.92 to — 1.35;
il A Z g I’=42.0%). A significant reduction in LDL-C was only
R % g observed in the longer duration (8 weeks) of interven-
ER § g =3 t120n (WMD=.— 10.50 mg./dL; 95% CI.— 17.28 to — ;’).72;
22 |z 5 2 I"=61.0%), with no meaningful reduction in shorter inter-
o 'g % 3 g vention duration. Also, the subgroup analysis of synbiotics
25 |8 g; source suggested a significant reduction in LDL-C when
kS LE § Z}Lnbgi(;t(;c él;pplfl:lilf(l)l’;t was csogium;:d é\;\’ll\;]?z - 3.66 mg/
g = SR ; o CI — 14.05 to — 3.27; I"=69.1%), with no sig-
g E”E a @ 3 nificant reduction in the food subgroup. Reduction in
E -“9’ LDL-C was significant in the subgroup of Iranian popula-
5.3 z38 tion (WMD =— 9.07 mg/dL; 95% CI — 15.24 to — 2.91),
=<2 a = multi-strain of bacteria (WMD =— 10.72 mg/dL; 95% CI
g . = 5 — 17.06 to — 4.38), and fructooligosaccharide prebiotics
Lg E, E E (WMD =-8.79 mg/dL; 95% CI — 15.26 to — 2.33) com-
§ ;é ° § .§ pared to their counterparts (Table 3). Overall meta-analysis
3 g g k5 2 result for LDL-C was not sensitive to individual studies. No
& S E S evidence of publication bias was also observed (p=0.67,
3 . § § Begg’s test and p=0.35, Egger’s test).
Z 5 3
E gg % g % The effects of synbiotic consumption on HDL-C
B A |- )
B ;‘E ? The effect of the synbiotics consumption on HDL-C was
5 g Q2 reported in 23 clinical trials [1, 10, 18-38]. Synbiot-
s |© = g% ics consumption significantly increased HDL-C level
é % g E (WMD =1.3 mg/dL; 95% CI, 0.03 to 2.56; p=0.04) com-
§ E/ %‘ g w5 pared to control (Fig. 5). A moderate heterogeneity was
: £ 2 S % = observed (I>=43.0%, p< =0.01). Subgroup analysis of
2 o % 2 Eg intervention duration suggested a significant increase in
s £ 28 & = serum HDL-C when intervention duration was longer
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Table 2 Risk of bias assessment for included randomized controlled clinical trails

First author Random Allocation  Blinding of Blinding Incomplete  Selective Other Score Overall quality

(publication sequence conceal- participants and of outcome outcome reporting sources of

year) generation ment personnel assessment data bias

Malaguarnera  + + + ? + ? + 5 Good
(2012)

Moroti (2012)  + + + ? + ? + Good

Macfarlane + + + + + ? + Good
(2013)

Eslamparast + ? + + + ? + 5 Good
(2014)

Peiia (2014) + ? + ? + ? + 4 Good

Asemi (2014) + ? + + + ? + 5 Good

Sanchez (2014) + + + + + ? + 6 Good

Shakeri (2104) + ? + + + ? + 5 Good

Bedani (2015) + ? + + + ? + 5 Good

Ferolla (2016)  + ? + ? + ? + 4 Good

Zamani (2017) + + + + + ? + 6 Good

Asgharian + + + + + - + 6 Good
(2017)

Tajabadi-Ebra- + + + + + ? + 6 Good
himi (2017)

Ekhlasi (2017) + + + + + ? + 6 Good

Sadat Ebrahimi  + + + + + ? + 6 Good
(2017)

Mofidi (2017)  + ? + + + ? + 5 Good

Javadi (2018) + + + ? + - + 5 Good

Samimi (2018) + + + + + ? + 6 Good

Xavier-Santos ~ + ? + ? + ? + 4 Good
(2018)

Sayari (2018) + + + + + ? + 6 Good

Bakhshimo- + ? + + + ? + 5 Good
ghaddam
(2018)

Soleimani + + + + + ? + 6 Good
(2018)

Rabiei (2018) + + + + + ? ? 5 Good

Based on cochrane collaboration risk of bias tool

than 8 weeks (WMD =1.81 mg/dL; 95% CI 0.26 to 3.35;
P= 37.0%), with no meaningful effect in shorter duration
of intervention. Subgroup analysis based on participant’s
body weight status, source of synbiotics, geographic loca-
tion, bacteria strains or prebiotics types did not result in
meaningful differences (Table 3). Findings from the sen-
sitivity analysis revealed that the exclusion of Eslamparast
et al. [22] (WMD =0.78 mg/dL; 95% CI — 0.17 to 1.7),
Mofidi et al. [27] (WMD=1.2 mg/dL; 95% CI — 0.13
to 2.53), Javadi et al. [24] (WMD=1.17 mg/dL; 95%
CI — 0.10 to 2.44), Shakeri et al. [34] (WMD =1.04 mg/
dL; 95% CI — 0.20 to 2.29), Sadat Ebrahimi et al. [31]
(WMD =1.27 mg/dL; 95% CI — 0.09 to 2.64), Asemi et al.

@ Springer

[18] (WMD =1.20 mg/dL; 95% CI — 0.07 to 2.48), and
Sayari et al. [10] (WMD=1.33 mg/dL; 95% CI — 0.11 to
2.77) studies from the analysis changed the overall effect.
No evidence of publication bias was also observed (p=0.44,
Begg’s test and p=0.70, Egger’s test).

Discussion

This systematic review and meta-analysis present evidence
that synbiotics consumption may benefit lipid profile and
improve dyslipidemia. The subgroup analyses of this study
suggested a greater improvement in lipid profile may be



European Journal of Nutrition (2020) 59:2857-2874

2867

Study (year) WMD (95% Cl) Weight %
Malaguarnera et al (2012) —O-E— -15.08 (-31.19,1.03) 4.74
Morofi et al (2012) e ! -46.78 (-82.57,-10.99) 1.85
Macfarlane et al (2013) —:—4— 0.00 (-21.93, 21.93) 354
Eslamparast et al (2014) D E— -8.17(-29.28,12.94)  3.69
Asemi et al (2014) : - 15.10 (-3.42, 33.62) 420
Sanchez et al (2014) — -3.87(-57.45,49.71) 095
Pena et al (2014) —_— 1.70 (-19.87,23.27)  3.61
Bedani et al (2015) — -6.74 (-19.86, 6.38) 547
Ekhlasi et al (2016) . -20.36 (-25.34,-15.38) 7.38
Ferolia et al (2016) —:—0— -1.10 (-21.81, 19.61) 377
Asgharian et al (2017) . -34.91(-55.27,-14.55) 3.83
Mofidi et al (2017) ——:— -30.90 (-56.21,-5.59)  3.00
Javadi et al (2017) = -17.47(-37.09,2.15)  3.98
Sadat Ebrahimi et al (2017) —}—0—— -4.11 (-17.03, 8.81) 552
Zamani et al (2017) | —— 6.95 (-4.35, 18.25) 593
Tajabadi-Ebrahimi et al (2017) —}—+— -2.10(-16.78,12.58)  5.08
Shakeri et al (2014) _— -9.80 (-30.82, 11.22) 3.71
Soleimani et al (2018) —{0—— -6.60 (-27.53, 14.33) 372
Samimi et al (2018) —— -6.80 (-20.59, 6.99) 5.30
Sayari et al (2018) — -12.91(-20.60,-5.22) 6.83
Bakhshimoghaddam et al (2018) —_— ! -45.90 (-64.19,-27.61) 4.25
Rabiei et al (2018) —}-0—— -5.20 (-28.78, 18.38) 3.26
Xavier-Santos et al (2018) JI—O—— -2.87 (-12.35,6.61) 6.39
Owerall (I-squared = 67.0%, p = 0.000) <> -10.17 (-15.74,-4.60)  100.00

[
NOTE: Weights are from random effects analysis :

T
-82.6

82.6

Fig.2 Forest plot of the effect of synbiotic consumptation on TC. The dashed vertical line represents the overall meta-analysis effect. The
straight vertical line represents the line of no effect. The results on the left of the no effect line favor the synbiotics over control

expected when synbiotics are consumed in supplement
forms for more than 8 weeks.

Due to the synergic effect of probiotics and prebiotics
in synbiotic supplements and foods, they may have greater
potential in modulating the gut microbiota than either pro-
biotics or prebiotics alone. It has been suggested that synbi-
otic supplementation may improve lipid metabolism, insulin
resistance, inflammatory mediators and liver enzymes mark-
ers by improving gut microbiota [39]. The combination of
probiotics and prebiotics may enhance the survival of bac-
teria passing the upper part of the gastrointestinal tract and
reaching large bowel, where they may colonies and change
the balance of gut flora [13]. The more pronounced effect
observed on lipid profile from synbiotics supplements com-
pared to synbiotic foods can also be explained by the poten-
tially better survival rate of live cultures in the gastrointes-
tinal tract in a form of supplement compared to food due to
the extra protection provided by supplementation.

The mechanism of the effect of synbiotic on lipid pro-
file has remained largely unknown. Probiotics may improve
serum lipid profile via their immunomodulatory properties
[40]. Probiotics may reduce inflammatory cytokines and
Toll-like receptor 4 (TLR4) activation which may explain
their beneficial impact on serum lipid profile [41]. TLR4
is a transmembrane protein which when activated can lead
to inflammatory cytokines production. These inflamma-
tory cytokines are responsible for activation of the innate
immune system [42]. Activation of the innate immune
system through TLR4 is involved in the pathogenesis of
insulin resistance, diabetes, and atherosclerosis [43]. Also,
probiotics are able to integrate cholesterol in their cellular
membrane [44] or convert cholesterol into coprostanol [45]
leading to a reduction in cholesterol absorption and serum
TC levels. In addition, some probiotics can produce hydro-
lases which reduce cholesterol absorption via higher bile
salt excretion [46, 47]. Also, probiotics can produce short-
chain fatty acids (SCFA) such as propionate and butyrate

@ Springer
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Table 3 Subgroup analysis to assess the effect of synbiotic consumption on lipid parameters

Sub-grouped by No. of trials Effect size® 95% CI P (%) P for heterogeneity P for
between
subgroup
heterogene-
ity

TC

Duration of intervention 0.94
> 8 weeks 13 - 12.15 —18.56, —5.74 43.9 0.04
<8 weeks 10 —7.89 —17.80, 2.02 80.1 < 0.001

Participants’ BMI status 0.15
Overweight 13 —10.44 -17.71,-3.17 72.9 < 0.001
Obese 10 -9.80 —18.95, — 0.66 55.9 0.01

Source of the synbiotic 0.24
Supplement 17 -9.61 —-15.28,-3.94 57.0 < 0.001
Food 6 —13.68 —29.99,2.64 82.2 < 0.001

Geographical population 0.02
Iranian 15 - 11.57 - 18.73, - 4.41 74.0 < 0.001
Other 8 —6.34 —13.51,0.84 21.3 0.26

Number of used strain < 0.001
Multi 15 - 13.84 —20.66, — 7.01 71.2 < 0.001
Single 8 —-2.44 —8.98,4.10 7.6 0.37

Type of prebiotic substrate < 0.001
Fructooligosaccharide 12 - 14.36 —20.39, — 8.33 459 0.04
Inulin 9 —7.09 —18.08, 3.89 73.5 < 0.001
Both 2 -242 -11.12,6.29 0.0 0.81

TG

Duration of intervention < 0.001
> 8 weeks 13 -21.89 —35.02, - 8.76 66.0 < 0.001
<8 weeks 10 —4.38 —22.16, 13.40 76.1 < 0.001

Participants’ BMI status 0.38
Overweight 13 —10.61 —21.00, — 0.21 57.3 < 0.001
Obese 10 —21.68 —47.25,3.88 83.6 < 0.001

Source of the synbiotic 0.17
Supplement 17 - 13.25 —-21.01,-5.50 31.2 0.1
Food 6 -21.98 -61.77,17.81 90.9 < 0.001

Geographical population < 0.001
Iranian 15 —19.57 -31.22,-791 70.4 < 0.001
Other 8 - 0.56 —21.94,20.82 63.7 0.01

Number of used strain < 0.001
Multi 15 —19.58 —30.84, — 8.32 66.8 < 0.001
Single 8 —2.08 —25.39,21.24 73.3 < 0.001

Type of prebiotic substrate < 0.001
Fructooligosaccharide 12 - 12.67 —25.70,0.41 57.7 < 0.001
Inulin 9 —-23.03 —40.61, - 5.44 73.5 < 0.001
Both 2 21.28 —17.90, 34.66 0.0 0.53

LDL-C

Duration of intervention 0.15
> 8 weeks 13 —10.50 —17.28,-3.72 61.0 < 0.001
<8 weeks 8 -5.53 — 13.06, 2.00 79.9 < 0.001

Participants” BMI status < 0.001
Overweight 11 -9.04 - 1636, — 1.72 78.0 < 0.001
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Table 3 (continued)

Sub-grouped by No. of trials Effect size® 95% CI P (%) P for heterogeneity P for
between
subgroup
heterogene-
ity

Obese 10 -7.13 -1292,-1.35 42.0 0.07

Source of the synbiotic 0.13
Supplement 17 — 8.66 —14.05, - 3.27 69.1 < 0.001
Food 4 -17.29 —20.58, 6.01 78.1 < 0.001

Geographical population 0.01
Iranian 15 —-9.07 —15.24,-291 72.2 < 0.001
Other 6 - 642 —14.47,1.63 63.5 0.02

Number of used strain < 0.001
Multi 14 —-10.72 —17.06, — 4.38 70.5 < 0.001
Single 7 —4.38 -11.12,2.35 57.0 0.03

Type of prebiotic substrate 0.54
Fructooligosaccharide 11 - 8.79 —15.26, — 2.33 73.8 < 0.001
Inulin 9 —8.32 - 17.11, 0.47 71.8 < 0.001
Both 1 3.10 —20.26, 26.46 73.4

HDL-C

Duration of intervention 0.09
> 8 weeks 13 1.81 0.26, 3.35 37.0 0.08
<8 weeks 10 0.71 —1.42,2.84 46.4 0.05

Participants’ BMI status 0.16
Overweight 13 0.82 -0.19, 1.82 0.0 0.4
Obese 10 2.00 -0.72,4.71 63.6 < 0.001

Source of the synbiotic 0.67
Supplement 17 1.25 —0.18,2.67 39.2 0.05
Food 6 1.78 —1.28,4.85 58.7 0.03

Geographical population 0.05
Iranian 15 1.68 0.16, 3.21 53.6 < 0.001
Other 8 -0.52 — 246,142 0.0 0.62

Number of used strain 0.77
Multi 15 1.25 -0.25,2.74 50.6 0.01
Single 8 1.64 —1.25,4.53 39.9 0.12

Type of prebiotic substrate 0.10
Fructooligosaccharide 12 1.66 -0.5,3.47 53.3 0.01
Inulin 9 1.32 —-0.61,3.26 21.5 0.2
Both 2 - 1.62 —4.40,1.16 0.0 0.54

TC, total cholestrol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol
“Calculated by Random-effects model

which are product of prebiotics fermentation [48]. SCFA
prevent hydroxymethylglutaryl CoA reductase (HMG-CoA
reductase) activation, which is a rate-limiting enzyme in the
pathway of cholesterol synthesis, leading to lower choles-
terol metabolism and better lipid metabolism [49].
Another possible mechanism of the effect of synbiot-
ics on lipid profile is by reducing inflammation and insulin
resistance, the storage of triglycerides in the liver, de novo

lipogenesis driving by carbohydrate-responsive element-
binding protein (ChREBP)/ sterol regulatory element-
binding protein (SREBP), and very low-density lipoprotein
(VLDL) secretion. Synbiotics promote the secretion of fast-
ing-induced adipose factor (FIAF), which in turn restrains
endothelial lipoprotein lipase (LPL), which is responsible
for releasing triglycerides from circulating chylomicrons
and VLDL. Increased serum FIAF levels also lead to the
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Study (year)

Malaguarnera et al (2012) |
Moroti et al (2012) * |

WMD (95% Cl) Weight %

-29.22 (-64.00, 5.56) 4.07
-77.46 (-144.20,-10.72) 1.95

Macfarlane et al (2013) —T—-O— 8.85(-32.33,50.03) 3.50
Eslamparast et al (2014) —0—:- -60.23 (-108.41,-12.05) 2.96
Asemi et al (2014) | —— 25.30 (-3.41,54.01) 467
Sanchezet al (2014) " 8.85 (-64.80, 82.50) 169
Pena et al (2014) :——-0-— 18.00 (-12.47,48.47) 449
Bedani etal (2015) ——— 15.26 (-14.73,45.25)  4.54
Ekhlasi et al (2016) —0—:— -23.50 (-42.94,-4.06) 5.64
Ferolla et al (2016) o : -33.60(-100.30,33.10) 1.95
Asgharian et al (2017) R -8.74 (-51.66,34.18)  3.36
Mofidi et al (2017) —0—;— -22.43 (-43.32,-1.54) 5.49
Javadi etal (2017) B 16.19 (54.56,22.18)  3.74
Sadat Ebrahimi et al (2017) — -19.08 (-43.15,4.99) 5.16
Zamani etal (2017) —t -15.05(-32.22,2.12)  5.87
Tajabadi-Ebrahimi et al (2017) —0—— -11.20 (-37.55,15.15)  4.92

Shakeri et al (2014) —_— -59.70 (-100.04,-19.36) 3.57
Soleimani et al (2018) — -12.30(40.30,15.70)  4.75
Samimi et al (2018) —0:— -22.00 (-35.95,-8.05)  6.17
Sayari etal (2018) | Te— 8.68 (-5.40, 22.76) 6.16
Bakhshimoghaddam et al (2018) —_— : -80.60 (-110.71,-50.49) 4.53
Rabiei et al (2018) — -13.70 (42.61,15.21)  4.65
Xavier-Santos et al (2018) : —_— 22.75 (8.60, 36.90) 6.15
Overall (-squared =73.8%, p = 0.000) 0 -14.30 (-25.32,-3.28)  100.00
NOTE: Weights are from random effects analysis E
I I
-144 0 144

Fig.3 Forest plot of the effect of synbiotic consumptation on TG. The dashed vertical line represents the overall meta-analysis effect. The
straight vertical line represents the line of no effect. The results on the left of the no effect line favor the synbiotics over control

deactivation of hepatic lipogenic enzymes by ChREBP and
SREBP-1c, resulting in a reduction of triglyceride storage in
adipocytes and liver [50]. Synbiotics may also increase cir-
culating levels of glucagon-like peptide-1 (GLP-1). GLP-1 is
involved in many metabolic pathways, including the stimu-
lation of glucose-dependent insulin secretion, blockade of
postprandial glucagon release, and induction of pancreatic
beta-cell proliferation [51, 52]. Literature suggests that
GLP-1 directly hinders triglyceride absorption from the gut,
potentially by inhibiting gastric lipases [53].

The effect of synbiotics in increasing blood HDL-C level
observed in this study has important implications for CVD
prevention and management. This systematic review only

@ Springer

focused on HDL-C levels (HDL quantity) and not on the
protein-to-lipid ratio in HDL-C particles (HDL-C func-
tionality)—which is as important as HDL-C level in CVD
protection [54]. However, even a small 10 mg/L increase
in HDL-C may reduce the risk of CVD by 2-3% [55].
Therefore, the 1.3 mg/dL (13 mg/L) increase observed in
HDL-C in this study has great clinical and public health
implications.

To our knowledge, the present study is first to clarify the
effect of synbiotics on lipid profile using a systematic review
and meta-analysis. However, there are some limitations in
this study that should be taken into account when interpret-
ing the results. First, a significant heterogeneity was detected
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Study (year) WMD (95% ClI) Weight %
Malaguarnera et al (2012) _— : -26.52(-38.69,-12.35) 520
Macfarlane et al (2013) f -001(-1978,1976) 353
Eslamparast et al (2014) : - 3.10 (-20.26, 26.46) 287
Asemi et al (2014) : —_— 5.10 (-6.59, 16.79) 565
Sanchez et al (2014) ; - -3.87 (46.72, 38.98) 113
Pena et al (2014) —Ihﬁ— -4.83 (-10.20, 0.54) 7.58
Ekhlasi et al (2016) - | 17.31(-2192,-1270)  7.77
Ferolla etal (2016) ] - 5.70 (-11.61, 23.01) 408
Asgharian et al (2017) : -26.29 (-43.20, -9.38) 418
Mofidi et al (2017) % -1143(-3485,1199) 286
Javadi et al (2017) - ; -19.81 (-36.59, -3.03) 421
Sadat Ebrahimi et al (2017) —:—4— -1.88 (-11.05, 7.29) 6.45
Zamani et al (2017) : ——— 7.34 (-4.12, 18.80) 572
Tajabadi-Ebrahimi et al (2017) —:—0—— -3.80 (-15.42,7.82) 567
Shakeri et al (2014) e =310 (-23.42,17.22) 342
Soleimani et al (2018) —e- -3.10 (2242, 16.22) 362
Samimi et al (2018) —_— -2.00 (-16.90, 12.90) 470
Sayari et al (2018) —_— -21.05(-2842,-1368)  7.01
Bakhshimoghaddam et al (2018) — ==———t— : -27.60 (-41.05,-14.15) 511
Rabiei et al (2018) + -8.40 (-35.03, 18.23) 240
Xavier-Santos et al (2018) — 400(-1191,391) 685
Overall (Fsquared =70.4%, p = 0.000) ¢ -8.32 (-13.21, -3.43) 100.00
NOTE: Weights are from random effects analysis i

I I

-46.7

46.7

Fig.4 Forest plot of the effect of synbiotic consumptation on LDL-C. The dashed vertical line represents the overall meta-analysis effect. The
straight vertical line represents the line of no effect. The results on the left of the no effect line favor the synbiotics over control

between included studies. While the source of heterogeneity
has been explored, other factors such as the dosage of synbi-
otic used, the health status of included population, baseline
age of participants, and study conditions may influence the
heterogeneity. Second, most of the included studies were
conducted in Iran and Brazil. Therefore, it is difficult to gen-
eralize the results to the rest of the populations.

Conclusion

Overall this systematic review and meta-analysis suggested
that synbiotics consumption may be beneficial in reducing
blood TC, TG, LDL-C and increasing HDL-C levels. Also,
the magnitude of effect is greater when synbiotics are admin-
istered in supplement form for more than 8 weeks. Future
interventions with different synbiotics dose, bacteria strains
and prebiotics types are required to explore the effect and
possible mechanism of the influence of synbiotics on lipid
profile.
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Study (year)

WMD (95% Cl) Weight %

Malaguarnera et al (2012)

4.26 (-9.52, 18.04) 079

Moroti et al (2012)
Macfarlane et al (2013)

g 10.34 (-2.44,23.12) 091

Eslamparast et al (2014)

Asemi et al (2014) -

3.83(-14.14,21.80) 048

— 7.73 (4.38,11.08) 6.63

5.10 (-2.34, 12.54) 235

Sanchez et al (2014) -

-3.86(-25.29,17.57) 0.34

Pena et al (2014) —_— 0.70 (-5.48,6.88) 3.14
Bedani et al (2015) —_— -0.44 (-4.29,3.41) 578
Ekhlasi et al (2016) — 1.90 (-3.18,6.98) 4.14
Ferolla et al (2016) —_— -0.10 (-5.87,5.67) 347
Asgharian et al (2017) —_— -3.88(-8.18,0.42) 509

Mofidi et al (2017)
Javadi et al (2017)
Sadat Ebrahimi et al (2017)

—t— 2.74 (-0.79,6.27) 6.31

5.81(-1.02, 12.64) 269
1.65(-1.15,4.45) 773
-0.30(-3.63, 3.03) 6.68

Zamani et al (2017) ———
Tajabadi-Ebrahimi et al (2017) -

Shakeri et al (2014)

Soleimani et al (2018)

Samimi et al (2018)

Sayari et al (2018)

-3.80(-15.42,7.82) 1.08

— 5.30 (1.41,9.19) 5.71

-1.00(-5.39,339) 497
-0.50 (5.42,442) 431
1.12 (-0.45, 2.69) 10.42

Bakhshimoghaddam et al (2018) —_—— 0.80 (-4.30, 5.90) 4.11
Rabiei et al (2018) —_— 0.30 (-3.93,4.53) 5.19
Xavier-Santos et al (2018) —_— -1.75 (-4.56, 1.06) 769

Overall (I-squared = 43.0%, p = 0.016)

NOTE: Weights are from random effects analysis

1.30(0.03, 2.56) 100.00

I
-256.3

253

Fig.5 Forest plot of the effect of synbiotic consumptation on HDL-C. The dashed vertical line represents the overall meta-analysis effect. The
straight vertical line represents the line of no effect. The results on the left of the no effect line favor the synbiotics over control
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