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A B S T R A C T

To present a comprehensive synthesis of the effect of soluble fiber supplementation on blood lipid parameters in adults, a systematic search
was undertaken in PubMed, Scopus, and ISI Web of Science of relevant articles published before November 2021. Randomized controlled
trials (RCTs) evaluating the effects of soluble fibers on blood lipids in adults were included. We estimated the change in blood lipids for each
5 g/d increment in soluble fiber supplementation in each trial and then calculated the mean difference (MD) and 95% CI using a random-
effects model. We estimated dose-dependent effects using a dose-response meta-analysis of differences in means. The risk of bias and
certainty of the evidence was evaluated using the Cochrane risk of bias tool and the Grading Recommendations Assessment, Development,
and Evaluation methodology, respectively. A total of 181 RCTs with 220 treatment arms (14,505 participants: 7348 cases and 7157 controls)
were included. There was a significant reduction in LDL cholesterol (MD: �8.28 mg/dL, 95% CI: �11.38, �5.18), total cholesterol (TC) (MD:
�10.82 mg/dL, 95% CI: �12.98, �8.67), TGs (MD: �5.55 mg/dL, 95% CI: �10.31, �0.79), and apolipoprotein B (Apo-B) (MD: �44.99 mg/
L, 95% CI: �62.87, �27.12) after soluble fiber supplementation in the overall analysis. Each 5 g/d increase in soluble fiber supplementation
had a significant reduction in TC (MD: �6.11 mg/dL, 95% CI: �7.61, �4.61) and LDL cholesterol (MD: �5.57 mg/dl, 95% CI: �7.44,
�3.69). In a large meta-analysis of RCTs, results suggest that soluble fiber supplementation could contribute to the management of dys-
lipidemia and the reduction of cardiovascular disease risk.
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Introduction

Despite sustained progress in the treatment and prevention
of cardiovascular disease, it remains one of the leading causes
of death worldwide [1]. According to the World Health Or-
ganization, 17.9 million individuals died from cardiovascular
disease in 2019, accounting for 32% of all global deaths [2].
Abbreviations: Apo-A, apolipoprotein A; Apo-B, apolipoprotein B; GRADE, Gradi
difference; MetS, metabolic syndrome; PYY, peptide YY; RCT, randomized controlle
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Cardiovascular disease also accounts for a substantial propor-
tion of morbidity and places considerable economic burden on
the individual and health care system [3]. Dyslipidemia, pre-
sent in >50% of adults, is considered an important risk factor
for cardiovascular disease incidence, characterized by elevated
circulating concentrations of blood lipids such as cholesterol
and TGs [4,5].
ng of Recommendations Assessment, Development and Evaluation; MD, mean
d trial; T2DM, type 2 diabetes mellitus; TC, total cholesterol.
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Dietary fiber, particularly water-soluble fibers, has demon-
strated efficacy and tolerability in serum lipid management [6].
Dietary fibers as edible carbohydrate polymers are not hydro-
lyzed by endogenous enzymes and, hence, are not digested or
absorbed in the human body [7,8]. Dietary fibers are categorized
based on several features, such as insoluble and soluble forms.
Insoluble fiber has a fecal bulking effect and passes through the
digestive tract intact. Meanwhile, soluble fiber is the edible part
of the plant that is resistant to digestion and do not contribute to
fecal bulking, but could be fermented by colonic bacteria to
short-chain fatty acids [7,8]. A body of knowledge suggested that
the soluble fiber, which find in vegetables, certain fruits, beans,
and oat products can be improved cardiovascular health status
through lowering blood pressure, inflammatory markers, blood
glucose, and lipids levels [9]. The main mechanisms of the
lipid-lowering properties of dietary fiber are not yet completely
understood; however, previous studies suggest a range of po-
tential mechanisms including the capacity of soluble dietary
fiber to form viscous solutions that delay gastric emptying, in-
crease bile acid excretion, modulate the gut microbiome, and
may decrease lipid uptake from the intestinal tract [7,8]. Despite
the beneficial properties of dietary fiber reported in the litera-
ture, <5% of general population meet the recommended daily
intake [9]. Therefore, a feasible strategy for improving intake
may be through the use of isolated or synthetic viscous fiber
supplements.

To date, a large number of clinical trial studies have investi-
gated the effects of soluble fiber supplementation on blood lipids
but the results are often varied and inconsistent. Given the
contradictory outcomes on the effectiveness of soluble fiber on
blood lipids, the objective of the current comprehensive sys-
tematic review and the dose-response meta-analysis was to
synthesis data from individual investigations and to determine
the overall treatment effect of soluble fiber on serum blood
lipids.
Methods

The current dose-response meta-analysis has been conducted
following the Preferred Reporting Items for Systematic Reviews
and Meta-analyses guidelines [10]. The study protocol was
submitted and approved in the international prospective register
of systematic reviews database, under the registration number:
CRD42022334419.
Literature search and selection
A systematic search was conducted using the following elec-

tronic databases: ISI Web of Science, PubMed/MEDLINE, and
Scopus, from inception up to November 2021 without any lan-
guage or publication data restrictions. Electronic searches were
complemented by hand searches of the reference lists of eligible
articles. Search terms were a combination of keywords relevant
to soluble fibers and study design to identify related publica-
tions. Further details about the search strategy are provided in
Supplemental Table 1. Two reviewers (H.B. and E.N.E.) inde-
pendently screened titles and abstracts according to the PICOS
criteria (Population: adults; Intervention: use of soluble fiber;
Comparator: placebo/no treatment group; Outcomes: total
cholesterol (TC), TGs, LDL cholesterol; HDL cholesterol, all
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subtypes of apolipoprotein A (Apo-a) and apolipoprotein B (Apo-
B); study design: RCTs and the below predefined inclusion and
exclusion criteria to identify potential eligible trials.
Inclusion criteria
All human RCTs (either parallel or cross-over designs) that

examined the effects of soluble fiber supplementation on adults
aged 18 y or older, regardless of health status; evaluated the
effect of soluble fiber (mixed soluble fiber or 1 of the soluble
fiber subtypes) on at least 1 of the blood lipids parameters;
compared the effect of different doses (g/d) of a specific soluble
fiber on blood lipids across >1 study arm or compared the effect
of the specific amount of soluble fiber (g/d) against a soluble
fiber-free group; considered the change in blood lipid parameters
as the primary or 1 of the secondary outcomes; provided mean,
SD, and the number of participants in each study of change in
blood lipids parameters across study arms or reported sufficient
information to estimate those values were included.
Exclusion criteria
Studies were excluded if they were nonrandomized or quasi-

experimental studies; conducted in participants under the age of
18 y (children and adolescents) or in pregnant or lactating
women; did not have placebo or untreated control groups; used
supplements as placebo; supplemented soluble fiber in combi-
nation with any other drugs, minerals, or botanicals (unless a
separate arm controlled for the effect of the mixed substance);
publications with duplicate data; follow-up duration <4 wk;
reviews, conference letters, notes, reports, short surveys, and
case reports. Discrepancies were resolved by discussion with the
corresponding author (G.A.).
Data extraction
Two reviewers (A.G. and R.Z.) extracted the following infor-

mation from eligible studies: first author’s name, year of publi-
cation, sex of participants, BMI and age of participants, study
location, study design, follow-up duration and blinding, type of
fiber based on viscosity and fermentability, dose of soluble fiber
supplementation, form of administration, comparator, and
background diet. For trials that evaluated multiple doses of sol-
uble fiber supplementation, we included the highest dose in the
analysis. When the data were reported at multiple measure-
ments, only the outcomes at the end of the intervention were
included in the analysis. In the case of multiple publications with
duplicate and/or overlapped data for the same trial, the publi-
cation with most comprehensive and complete data was selected.
Data were cross-checked to minimize potential errors, and dis-
agreements were resolved through discussion with the corre-
sponding author (G.A.).
Risk of bias
Two authors (E.N.E. and A.G.) independently assessed the

risk of bias of each included trial. The Cochrane risk of bias tool
for RCTs was used to assess each study as having a low, high, or
unclear risk of bias on the following criteria: selection bias
(sequence generation and allocation concealment), performance
bias (blinding participants and personnel), detection bias
(blinding outcome assessment), attrition bias (incomplete
outcome data), reporting bias (selective outcome reporting), and
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bias because of problems not covered elsewhere [11]. The
overall quality of studies was graded as good if there were low
risk of bias for >2 items, fair if there were low risk of bias for 2
items and poor if there was a low risk of bias for <2 items.
Statistical analyses
We examined the effect of soluble fiber supplementation on

change in the following outcomes: TC (mg/dL), TGs (mg/dL), LDL
cholesterol (mg/dL), HDL cholesterol (mg/dL), Apo-A (mg/L), and
Apo-B (mg/L). The mean difference (MD) in blood lipids between
the intervention (soluble fiber supplementation) and placebo or
control groups and their 95%CIswere used as the effect sizes in the
meta-analysis. A random-effects model was used to calculate the
pooled effect size. If the studies did not reportmean values and SDs
of changes, we calculated these values by using data from mea-
sures before and after the intervention and the following formula:
SD2 ¼ [(SD baseline2 þ SD final2) � (2 � R � SD baseline � SD
final)], considering the correlation coefficient (R) of 0.5 [12]. All
analyseswere repeatedusing correlation coefficients of 0.2 and0.8
to demonstrate that our results were not sensitive to the chosen
correlation coefficient (R ¼ 0.5). Furthermore, SD was computed
by relevant formulas in studies that presented SEs, 95% CIs, and
IQRs [13]. Heterogeneity across the studies was explored by the I2

statistic, described as I2 values > 50% or P < 0.05 [14]. To detect
probable sources of heterogeneity, a series of predefined subgroup
analyses based on health status (healthy, hypercholesterolemia,
hyperlipidemia, diabetes, overweight-obese, hypertension, meta-
bolic syndrome (MetS), kidney disease), gender (male, female or
mixed), age (<50y old vs.�50), BMI (<30kg/m2vs.�30), dose of
soluble fiber (<10 g/d vs.� 10 g), follow-up duration (< 8 wk vs.
�8), fermentability (fermented vs. nonfermented), and viscosity
(viscous vs. nonviscous) [15–17]. Influence analysis was con-
ducted to test the potential impact of each trial on the pooled effect
size. The potential for publication bias was tested using Egger’s
test, Begg’s test, and by inspection of funnel plots.

Based on Crippa and Orsini's method, the mean and corre-
sponding SD of change in blood lipids parameters, and the
number of participants in each study arm, was used to conduct a
random-effects model for each 5 g/d increase in soluble fiber
supplementation in the intervention group on changes in blood
lipid levels [18]. Additionally, we conducted a dose-response
meta-analysis to clarify the shape of the effect of different
doses of soluble fiber on blood lipids [19]. STATA software
version 17.1 was used to conduct statistical analyses. A 2-tailed P
value of <0.05 was considered significant.
Certainty of evidence
The Grading of Recommendations Assessment, Development,

and Evaluation (GRADE) approach was used to assess the quality
of evidence for each outcome based on the following domains:
assessed risk of bias, publication bias, imprecision of results,
heterogeneity, and indirectness of evidence [20]. The quality of
evidence was categorized as high, moderate, low, and very low.

Results

Literature search
In total, 181 studies with 220 treatment arms, including

14,505 participants (7348 cases and 7157 controls), met our
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inclusion criteria and were included in our meta-analysis. Except
for 1 study [21] with 3 treatment arms, all studies were included
in the dose-response meta-analysis Supplemental Table 2.
Detailed screening and data extraction process are depicted in
Figure 1, and the list of excluded studies are presented in Sup-
plemental Table 3.

Characteristics of included studies
The general characteristics of the included studies are shown

in Supplemental Table 2. A total of 181 RCTs including 71%
parallel and 29% cross-over design were included. Among the
181 RCTs, 47 studies included participants with hyperlipidemia
(26%), 38 studies (20%) included participants with type 2 dia-
betes mellitus (T2DM), 28 studies (15%) included participants
who were obese or overweight, 24 studies (13%) included
healthy participants, 10 studies (5.5%) included participants
with MetS, and the remaining included other diseases. The mean
age of participants in RCTs ranged from 26 to 67 y and had a
baseline BMI ranging from 19.2 to 32.7 kg/m2. Furthermore, the
intervention duration of the included studies ranged from 4 to 52
wk. Twenty-two studies were conducted in men only (12%), 17
studies included only women (9%), and the remaining included
both male and female participants. RCTs included for analysis
were published between 1980 and 2021 and included the
following countries of origin: 66 studies (36%) were conducted
in Europe, 48 studies (26%) were conducted in North America,
25 studies (13%) were conducted in Asia, eleven studies (6%)
were conducted in South America, and remaining were con-
ducted in other of countries. Moreover, among all studies, 122
studies (68%) and 158 studies (87%) administrated viscous fiber
and fermentable fiber, respectively. the intervention dose of
soluble fiber varied from 0.03 to 45 g/d depending on the pre-
scribed form of soluble fiber.

Meta-analysis results
TGs

The effect of the soluble fiber supplementation on TG con-
centration was examined in 169 studies with 208 treatment arms
containing 12,445 subjects (6341 cases and 6104 controls). The
pooled analysis demonstrated that soluble fiber supplementation
significantly reduced TG compared with the placebo group (MD:
�5.55 mg/dL, 95% CI: �10.31 to �0.79, P ¼ 0.022). Significant
between-study heterogeneity was present (I2 ¼ 94.3%, P <

0.001) (Table 1).
Additional analysis showed a greater reduction in TG in trials

with a longer duration (�8 wk) (MD: �7.29 mg/dL, 95% CI:
�12.99 to �1.59) compared with the short duration (<8 wk),
studies that supplemented soluble fiber with fermentable char-
acteristics (MD: �5.04 mg/dL, 95% CI: �9.87 to �0.19) had a
greater reduction in compared with other type of fiber, and when
conducted in people with hyperlipidemia (MD: �22.23 mg/dL,
95% CI: �34.7 to �9.77) (Supplemental Table 4).

Sensitivity analysis suggested that no individual trial had a
substantial impact on the overall pooled effect size. Statistically
significant publication bias was found (P < 0.001, Begg’s test
and P ¼ 0.037, Egger’s test). Trim-and-fill method to detect
sources of bias also suggested evidence of publication bias.

There was nonsignificant evidence suggesting that each 5 g/
d increment in soluble fiber might reduce TG by�3.64 (�5.31 to
0.03), P ¼ 0.052; (I2 ¼ 94.8%, P < 0.001) (Table 1). Moreover,



FIGURE 1. Flow chart of the process of the study selection.
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dose-dependent analysis showed a significant proportional
decrease in TG with the increase in soluble fiber consumption
Pdose-response ¼ 0.004 in a linear manner Pnonlinearity ¼0.133. Re-
sults of the dose-response analysis suggest that 15 g/d of soluble
provided the greatest decrease in TG (MD15g/d: �6.81, 95% CI:
�10.81, �2.82) (Figure 2 and Table 2).

TC
Overall, 173 eligible studies with 214 treatment arms,

including a total of 13,871 participants (7020 cases and 6851
controls) examined the effect of soluble fiber supplementation
on TC. TC was significantly reduced after soluble fiber supple-
mentation compared with the control group (MD: �10.82 mg/
dL, 95% CI: �12.98 to �8.67, P < 0.001), with a significant
between-study heterogeneity (I2 ¼ 93.1%, P < 0.001) (Table 1).
468
Subgroup analysis based on viscosity and study population
could explain this heterogeneity (I2 <50%, P < 0.05). Subgroup
analysis also revealed a greater reduction in people with T2DM
(MD: �17.32 mg/dL, 95% CI: �27.08 to �7.56) and MetS (MD:
�14.99 mg/dL, 95% CI: �20.06 to �9.93) compared with other
subgroups. Furthermore, there was an indication of a larger effect
size in trials that implemented viscousfiber supplementation (MD:
�12.99 mg/dL, 95% CI: �15.57 to �10.41) (Supplemental
Table 4).

Sensitivity analysis suggested that no individual trial had a
substantial impact on the overall pooled effect size. Furthermore,
there was no indication of publication bias using the Egger’s test
(P ¼ 0.244) or Begg’s test (P ¼ 0.267).

A linear dose-response meta-analyses indicated that each 5 g/
d increment in soluble fiber supplementation reduced TC by
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FIGURE 2. The effects of different doses of soluble fiber supplemen-
tation on TG from the nonlinear dose-response meta-analysis.
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�6.11 mg/dL (95% CI:�7.61,�4.60, P< 0.001; I2¼ 94.7%, P<

0.001) (Table 1). Soluble fiber had a significant dose-dependent
effect on TC (Pdose-response < 0.001, Pnonlinearity ¼ 0.189). Similar
to the results of the TG analysis, results of the dose-response
analysis suggest that 15 g/d of soluble fiber provided the
greatest decrease in TC (MD 15g/d: �10.94, 95% CI: �15.36,
�6.53) (Figure 3 and Table 2).

Low-density lipoprotein
The effect of soluble fiber supplementation on LDL cholesterol

was investigated in 165 RCTs including 199 treatment arms,
with 12,773 participants (6462 cases and 6311 controls). Pooled
results indicated that soluble fiber supplementation significantly
reduced LDL cholesterol compared with placebo (MD: �8.28
mg/dL, �11.38 to �5.18, P < 0.001). Significant heterogeneity
was observed across studies (I2 ¼ 98.5 %, P < 0.001) (Table 1).
The treatment dose, gender, and study population were sources
of heterogeneity (I2 < 50%, P < 0.05) (Supplemental Table 4).

Subgroup analysis determined that soluble fiber had a greater
effect among participants with hyperlipidemia (MD:�17.85 mg/
dL, �30.74 to �4.98), when using a viscous fiber type (MD:
�9.78 mg/dL, �13.46 to �6.11), and in male participants (MD:
�10.71 mg/dL, �14.48 to �9.95) in compared with another
subset (Supplemental Table 4).

Sensitivity analysis suggested that no individual trial had a
substantial impact on the overall pooled effect size. Statistically
significant publication bias was found (P < 0.001, Begg’s test
and P< 0.001, Egger’s test). Trim-and-fill analysis demonstrated
that, with the publication of 247 studies, evidence of publication
bias is reduced but the results remain stable.

Each 5 g/d increment in soluble fiber supplementation
reduced LDL cholesterol by �5.57 mg/dL (�7.44 to �3.69, P <

0.001; I2 ¼ 98.4%, P < 0.001) (Table 1). Dose-response analysis
showed a nonlinear decrease in LDL cholesterol to 10 g/d (MD
10g/d: �10.75, 95% CI: �12.66, �8.83) (Figure 4 and Table 2).

High-density lipoprotein
The pooled MD of 170 studies (207 treatment arms) involving

12,563 participants (6400 cases and 6163 controls) suggested that
soluble fiber supplementation had no statistically significant effect
in HDL cholesterol compared with placebo (MD: �0.03 mg/dL;
95% CI: �0.45 to 0.38, P ¼ 0.868). However, significant
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FIGURE 3. The effects of different doses of soluble fiber supplemen-
tation on TC from the nonlinear dose-response meta-analysis.

FIGURE 4. The effects of different doses of soluble fiber supplemen-
tation on LDL cholesterol from the nonlinear dose-response
meta-analysis.
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heterogeneity was detected between the studies (I2 ¼ 67.9%, P <

0.001) (Table 1).
Subgroup analysis based on study population and ferment-

ability of the soluble fiber supplement were sources of hetero-
geneity (I2 < 50%, P < 0.05) (Supplemental Table 4). Soluble
fiber supplementation had a nonsignificant beneficial effect on
HDL cholesterol in studies that used a longer duration (MD: 0.18
mg/dL; 95% CI:�0.57 to 0.94) in compared with short duration,
that included people with T2DM (MD: 2.32 mg/dl; 95% CI: 1.01
to 3.63) and hyperlipidemia (MD: 0.46 mg/dL; 95% CI: �0.50 to
1.43), and when doses more and equal than 10 g/d were inves-
tigated (MD: 0.13 mg/dL; 95% CI: �0.82 to 1.08) (Supplemental
Table 4).

Sensitivity analysis suggested that overall estimates for HDL
cholesterol concentration were not affected by the removal of
any individual study. Statistically significant publication bias
was not found (P ¼ 0.098, Begg’s test and P ¼ 0.172, Egger’s
test).

Each 5 g/d increment in soluble fiber supplementation in-
crease HDL cholesterol by 0.04mg/dL (�0.17 to 0.26, P¼ 0.693;
I2 ¼ 65.6%, P < 0.001) (Table 1). HDL cholesterol concentration
had a nonsignificant association with soluble fiber supplemen-
tation dosage (Pnonlinearity ¼ 0.521, Pdose-response ¼ 0.488). In
addition, dose-response analysis showed beneficial effect of
soluble fiber on HDL cholesterol started from a dose 15 g/d (MD
15g/d: 0.18, 95% CI: �0.53, 0.89) (Table 2 and Figure 5).



FIGURE 5. The effects of different doses of soluble fiber supplemen-
tation on HDL cholesterol from the nonlinear dose-response
meta-analysis.

A. Ghavami et al. Advances in Nutrition 14 (2023) 465–474
Apolipoprotein A
Thirty-two articles with 31 treatment arms, including a total

of 2491 subjects (1300 intervention, 1191 placebo), reported the
effect of soluble fiber consumption on Apo-A. Soluble fiber
supplementation had no significant effect on Apo-A (MD:�10.47
mg/L, 95% CI: �31.16, 10.21; P ¼ 0.321) and between-study
heterogeneity was low (I2 ¼ 0.0%, P ¼ 0.793) (Table 1).

Findings from the sensitivity analysis revealed that the
exclusion of any single study from the analysis did not alter the
overall effect. Begg’s (P ¼ 0.475) and Egger’s test (P ¼ 0.440)
suggested no evidence of publication bias.

Each 5 g/d increment in soluble fiber supplementation
reduced Apo-A by �4.09 mg/L (�10.07 to 1.89, P ¼ 0.180; I2 ¼
0.0%, P ¼ 0.830) (Table 1). Dose-dependent effects showed a
nonsignificant reduction on Apo-A (Pnonlinearity ¼ 0.987, Pdose-
response ¼ 0.408) (Figure 6).

Apolipoprotein B
Using data from 26 studies with 35 treatment arms containing

2644 participants (1377 cases and 1267 controls), meta-analysis
suggested that soluble fiber significantly reduced Apo-B (MD:
�44.99 mg/L, 95% CI: �62.87 to �27.12, P < 0.001) and that
between-study heterogeneity was low (I2 ¼ 0.0%, P ¼ 0.617)
(Table 1).
FIGURE 6. The effects of different doses of soluble fiber supplemen-
tation on Apo-A from the nonlinear dose-response meta-analysis.
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Subgroup analysis suggested that the effect size was greater in
studies that had a >8 wk duration (MD: �32.53 mg/L, 95% CI:
�59.64 to �5.42) used a dose of soluble fiber >10 g/d (MD:
�62.60 mg/L, 95% CI: �94.00 to �31.21), and in people with
MetS as (MD: �77.91 mg/L, 95% CI: �141.53 to �14.29) in
compared with other subsets (Supplemental Table 4).

Sensitivity analyses revealed that the exclusion of any single
study from the analysis did not alter the overall effect. Begg’s (P
¼ 0.109) and Egger’s test (P ¼ 0.015) suggested evidence of
publication bias. The trim-and-fill analysis demonstrated that the
results were similar to the original.

Each 5 g/d increment in soluble fiber supplementation
reduced Apo-B by�16.37 mg/L (�40.18 to 7.42, P¼ 0.177; I2 ¼
86.8%, P < 0.001) (Table 1). Dose-response analysis suggests
that soluble fiber supplementation had a significant reduction on
Apo-B up to 8 g/d (MD8g/d: �51.49, 95% CI: �78.19, �24.79)
(Pnonlinearity ¼ 0.010, Pdose-response < 0.001) (Table 2 and
Figure 7).

Risk of bias and certainty of evidence
Based on the Cochrane risk of bias tool, 138 studies (76.2%)

were rated as having a good overall quality, 38 studies (20.9%)
had fair overall quality, and 5 studies (2%) were rated as having
poor overall quality. Supplemental Table 5 presents the quality
of the studies. According to the GRADE approach, the certainty
of the evidence was rated as very low for TG, LDL cholesterol,
and HDL cholesterol and low for TC, Apo-A, and Apo-B out-
comes. Supplemental Table 6 illustrates the details of the GRADE
assessment.

Discussion

In this comprehensive dose-response meta-analysis, a total of
181 studies with 220 treatment arms, containing 14,505 par-
ticipants were included. Soluble fiber supplementation improved
serum TG, TC, LDL cholesterol, and Apo-B concentrations;
however, it did not alter serum HDL cholesterol and Apo-A
levels. In addition, nonlinear dose-response meta-analysis
showed a significant effect of soluble fiber supplementation on
serum TG, TC, and HDL cholesterol in 15 g/d and LDL cholesterol
in 10 g/d.
FIGURE 7. The effects of different doses of soluble fiber supplemen-
tation on Apo-B from the nonlinear dose-response meta-analysis.
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The degree of improvement in lipid markers reported in this
meta-analysis suggest that soluble fiber supplementation might
be of great clinical importance. For example, we report the sol-
uble fiber reduced LDL cholesterol concentrations by �8.28 mg/
dL (�11.38 to �5.18). Previous research suggests that each 1-
mmol/L (38.6 mg/dL) reduction in LDL cholesterol has can
confer an average of 23% relative reduction in the risk of major
vascular events including acute MI or other acute coronary
syndrome, coronary revascularization, or stroke [22]. Subgroup
analyses suggest that participants with T2DM, MetS, and
hyperlipidemia experienced greater reductions in blood lipid
parameters following soluble fiber supplementation, indepen-
dent of dose, and duration. Considering the fermentability of
soluble fibers, serum TG level was only reduced following
fermentable fiber supplementation. Since most fermentable fi-
bers are also viscous, we investigated whether fermentable
viscous fiber supplementation induced greater reduction in lipid
outcomes compared with other soluble fiber types. The effect of
fermentable viscous, only viscous or only fermentable fiber
supplementation on TC and LDL cholesterol levels was more
pronounced that nonfermentable nonviscous fibers. Subgroup
analyses of intervention duration and dosage revealed a greater
reduction in serum TG levels in studies with a longer duration
(�8 wk) and supplementation dosage � 10 g/d, respectively.
Findings in relation to other studies
To our knowledge, the present systematic review and meta-

analysis of RCTs are the first to update the clinical evidence of
the effect of soluble fibers on blood lipid parameters since 1998.
Brown et al. [23] conducted a meta-analysis of 67 trials that
investigated the cholesterol-lowering effects of various soluble
fibers including pectin, oat bran, guar gum, and psyllium. They
found significant reductions of both TC and LDL cholesterol by
�1.74 mg/dL (95% CI: �2.08, �1.35) and �2.2 mg/dL (�2.7,
�1.7), respectively, without a significant reduction in TG levels.
Unlike our study, type of soluble fiber was not found to be a
significant predictor of lipid changes. The dose of soluble fiber
was also restricted, with only studies using 2–10 g/d of fiber
being included. We included all eligible studies, without
restricting dosage, which might explain greater reductions in TG,
TC, and LDL cholesterol levels in our study. We also investigated
the effects of different doses of fiber supplementation on each
lipid outcome using a dose-response analyses.

Other existing systematic reviews and meta-analyses have
mainly focused on individual soluble fiber types. Similar to our
findings, a meta-analysis of 8 RCTs, on the effect of psyllium
consumption on anthropometric and metabolic parameters in
people with T2DM reported significant reductions in TG and LDL
cholesterol [24]. Another meta-analysis showed that konjac
glucomannan decreased LDL cholesterol and non-HDL choles-
terol with no significant effect on Apo-B concentration [25]. A
guar gum-focused meta-analysis with 17 RCTs observed signifi-
cant reductions in TC [26]. Consumption of 3 g/d of oat or barley
β -glucan induced significant reductions in TC and LDL choles-
terol concentrations in another meta-analysis with 13 RCTs [27].
The results from 2 other meta-analyses of RCTs regarding the
effects of individual soluble fibers on blood lipid profile were
also in accordance with ours, demonstrating improvements in
LDL cholesterol and TC, without changing TG and HDL choles-
terol concentrations [28,29].
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Therewas no significant effect of solublefiber supplementation
on serum HDL cholesterol levels; a finding that is consistent with
several previous studies [24,26,28]. A review study of the
meta-analyses conducted on the effects of glycemic index and di-
etary fibers on the serum HDL cholesterol levels concluded that
dietary fibers had no significant effect on HDL cholesterol con-
centrations [30]. The impact of dietary alterations on circulating
concentrations ofHDL cholesterol is less clear than LDL cholesterol
and seems to be sex-specific and with interracial differences [31].

Based on the findings from nonlinear dose-response meta-
analysis, we proposed a supplementation dosage of 15 g/d for
achieving better results of lipid outcomes; as higher doses might
be associated with some undesirable effects such as gastroin-
testinal discomfort [32].

Proposed mechanisms of action
Several physiological mechanisms have been proposed to

explain the lipid-lowering effect of soluble fibers. Soluble fibers,
especially high viscous fibers, decrease gastric emptying time
and delay the absorption of dietary cholesterol [33,34]. Delayed
gastric emptying restricts postprandial glucose response and
improves insulin resistance [33]. Insulin resistance and
compensatory hyperinsulinemia are associated with increased
cholesterol synthesis [35]. We found that the
cholesterol-lowering effect of soluble fibers was greater in par-
ticipants with T2DM and MetS, which might suggest that soluble
fibers decrease cholesterol levels by insulin resistance-related
mechanisms. Soluble fibers may also lower calorie intake via
satiety-linked mechanisms and induce a modest effect on weight,
thus reducing blood lipid levels indirectly [36]. Soluble fibers,
mainly viscous fibers, increase ileum viscosity and inhibit
micelle formation, and thus entrap bile acids, increasing fecal
excretion of bile acids [26] and increasing LDL cholesterol re-
ceptor upregulation in the liver. Furthermore, soluble ferment-
able fibers are fermented in the colon by intestinal bacteria to
produce short-chain fatty acids (SCFA) [37]. Two of these bac-
terial products, propionate, and acetate, have been proposed to
influence several lipids metabolic pathways, including choles-
terol synthesis, fatty acid synthesis, and fatty acid oxidation [38].
In addition, SCFAs may be involved in weight control by
increasing the secretion of satiety-induced hormones such as
glucagon-like peptide 1 and peptide YY (PYY) [39].

Heterogeneity
Significant heterogeneity was found in the analysis of all lipid

outcomes except Apo-A and Apo-B levels, which might be
because of the large variability in the target population and study
characteristics across studies. Furthermore, although we per-
formed several prespecified subgroup analyses to detect sources
of heterogeneity, residual heterogeneity might persist within
some subgroups. The results of subgroup analyses suggested that
gender, health status of study population, study duration, vis-
cosity and fermentability of soluble fiber, and dose of soluble
fiber might influence the magnitude of effect.

Strengths and limitations of this study
The present study has several strengths. The beneficial effects

of soluble fibers on blood lipid concentrations have long been
proposed; however, this meta-analysis provides an updated and
thorough assessment of all clinical trials conducted in this field.
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We performed a comprehensive assessment of study quality and
biases to minimize the presence of confounding variables. Many
of the studies included in this analysis were considered to be of
high quality based on Cochrane risk of bias tool. Since trials
included participants that were both healthy and nonhealthy,
including type 2 diabetic, hyperlipidemic, and obese, our find-
ings are highly generalizable.

Several potential limitations of this study should be noted.
First, substantial publication bias was detected in Apo-B, HDL
cholesterol, LDL cholesterol, and TG analyses, which might
reduce confidence in the estimates. Although trim-and-fill
computation modified the estimate of these outcomes, our
findings could have been overestimated, and thus should be
interpreted with this in mind. In addition, we only considered
supplemental soluble fiber in our analyses, thus, the differential
fiber content of diet between intervention groups could have
affected our estimates.

Conclusion and Future Research

Our comprehensive meta-analysis demonstrates the signifi-
cant beneficial effect of isolated soluble fiber supplementation
on serum TG, TC, LDL cholesterol, and Apo-B levels. Based on
our findings, increasing fiber intake using soluble fiber supple-
mentation could be an effective intervention in the prevention
and management of dyslipidemia, and consequently may
contribute to the risk reduction of cardiovascular diseases.
However, because of the high between-study heterogeneity and
publication bias, our findings should be interpreted cautiously.
Future RCTs with protocol-based strategy and consistent meth-
odology considering the fiber content of diet or comparing it
between intervention groups are warranted to establish clear
recommendations in this regard.
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