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Abstract 

Background  We aimed to conduct a systematic review and meta-analysis of randomized controlled trials (RCTs) to 
investigate the effects of rice bran supplementation on serum lipid profile levels.

Methods  We searched PubMed/Medline, Scopus, ISI Web of Science, and Google Scholar using related keywords. 
Published RCTs exploring the effects of rice bran consumption on lipid profile were searched up to June 2022. 
Evidence certainty was assessed on the basis of the Grading of Recommendations, Assessment, Development, and 
Evaluation (GRADE) approach. The data were pooled using a random-effects model and reported as weighted mean 
difference (WMD) and 95% confidence interval (CI) for each outcome.

Results  Meta-analysis of eight RCTs (with 11 effect sizes) showed no significant effect of rice bran supplementation 
on serum levels of triglyceride (WMD: -11.38 mg/dl; 95% CI: -27.73, 4.96; P = 0.17), total cholesterol (WMD: -0.68 mg/
dl; 95% CI: -7.25, 5.88; P = 0.834), low-density lipoprotein cholesterol (WMD: -1.68 mg/dl; 95% CI: -8.46, 5.09; P = 0.627) 
and high-density lipoprotein cholesterol (WMD: 0.16 mg/dl; 95% CI: -1.52, 1.85; P = 0.848) compared to control group.

Conclusion  Our meta-analysis suggests that rice bran supplementation has no significant effects on serum levels 
of lipid profile components. However, larger studies with longer durations and improved methodological quality are 
needed before firm conclusions can be reached.
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Introduction
Dyslipidemia is a multifactorial disorder characterized 
by a combination (two or more) of increased serum 
total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), triglycerides (TG) levels and decreased 
serum high-density lipoprotein cholesterol (HDL-C) 
concentrations [1, 2]. The global prevalence of dyslipi-
demia has increased dramatically over the past 30 years 
and is among the chronic disease with high mortality 
rate [3]. Dyslipidemia, as a metabolic abnormality, is 
recognized as one of the most important risk factors of 
cardiovascular disease, which accounts for most deaths 
caused by non-communicable diseases (NCDs) [4].

Pharmacotherapy and lifestyle modifications, espe-
cially dietary interventions, are the two main com-
ponents in optimizing plasma lipid profiles and 
subsequently reducing the risk of cardiovascular dis-
ease [5, 6]. Due to the side effects of drugs, the first line 
of treatment in dyslipidemia is dietary interventions [6]. 
Dietary recommendations emphasize the replacement 
of animal fats with vegetable fats as well as increasing 
fiber intake. Rice bran (RB) is known as a nutraceutical 
due to its high fiber content (20–51%), plant sterols and 
a composition of fatty acids such as oleic acid (38.4%) 
and linoleic acid (34.4%) [7, 8]. RB also contains a great 
variety of bioactive phytochemicals, such as γ oryzanol 
which has a well-defined cholesterol-lowering function 
[8, 9]. Rice bran contains a wide variety of bioactive 
compounds with health properties, including amino 
acids, vitamins and cofactors, and secondary metabo-
lites [10].

The beneficial effects of rice bran, and its derivatives 
such as rice bran oil, in improving glycemic control 
[11–13], optimizing lipid profile [14–16], lowering blood 
pressure [17–19] and weight management [14, 20, 21] 
have been shown in several studies. An animal study by 
Zhang et al. [22] showed that fresh rice bran protein can 
modulate cholesterol metabolism and reduce serum lev-
els of very-low density lipoprotein cholesterol (VLDL-C), 
LDL-C, TG and hepatic total cholesterol. Qureshi et  al. 
[23–25] also showed the lipid-lowering effects of vitamin 
E analogues of rice bran in several studies. The lipid-low-
ering effects of rice bran have also been partly attributed 
to γ oryzanol, an exclusive rice bran polyphenol [26, 27]. 
Nevertheless, the results of studies on the effects of rice 
bran and its components on lipid profile are contradic-
tory and not conclusive. Although two meta-analyses 
have been published on the effects of rice bran oil on lipid 
profile [28, 29], meta-analysis has not yet investigated the 
effects of whole rice bran on lipid profile. Accordingly, we 
decided to conduct a systematic review and meta-anal-
ysis to investigate the effects of RB supplementation on 
the lipid profile.

Materials and methods
This systematic review and meta-analysis was registered 
in PROSPERO before the start of the literature search 
with registration number CRD42022337982. This study 
was reported based on Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment in terms of processing, analyzing, and reporting of 
the data [30].

Data sources and search strategies
A systematic literature search was performed in PubMed, 
Scopus, Web of Science and Google Scholar without spe-
cific time frames and language limits, up to June 2022. 
The purpose of our search was to identify published clini-
cal trials that examined the effects of RB supplementa-
tion on lipid profiles (TC, TG, LDL-C, and HDL-C) of 
adult human.

The following Medical subject headings (MeSH) and 
non-MeSH terms were used (supplementary): ("rice bran" 
OR "rice bran powder" OR "rice bran supplement" OR 
"stabilized rice bran") AND (cholesterol OR "low density 
lipoprotein" OR LDL OR TC OR "total cholesterol" OR 
"high density lipoprotein" OR HDL OR "triglyceride" OR 
TG OR "lipoprotein" OR "lipid profile" OR lipid OR "car-
diovascular disease" OR "heart disease" OR "hypercho-
lesterolemia"). In order to complete the search process, 
a manual screening was performed in article references 
and review articles, so that no randomized controlled tri-
als (RCTs) were missed.

Eligibility criteria and study selection
The screening of the titles and abstracts and the further 
assessment of the full-texts was performed by two inde-
pendent investigators (Z.H. & F.A.). Studies with the fol-
lowing criteria were included in this meta-analysis: (a) 
clinical trials (with either parallel or cross-over design), 
(b) studies which investigated whole rice bran, stabilized 
rice bran or rice bran powder (c) having a control group 
(placebo or oral powder similar to rice bran powder) (d) 
performed in individuals over 18 years old, (e) reported 
at least one of the following measures: TC and/or TG 
and/or LDL-C and/or HDL-C.

The exclusion criteria were: (a) animal and in  vitro 
studies (b) studies which investigated the effects of RB 
concurrently with other interventions, (c) studies which 
examined only certain components of the RB, such as 
RB oil, γ oryzanol, ferulic acid, tocols (tocopherol and 
tocotrienol) or specific amino acids (d) studies which 
examined defatted RB or RB extract (e) studies without 
complete information about the outcomes of interest, 
(f ) with less than one-week follow-up, (g) studies with-
out control or placebo group, and (h) studies with other 
designs except for a clinical trial design.
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Data extraction
The initial screening of articles was done by Z.H. based 
on the inclusion and exclusion criteria and then double 
checked by F.A. Any discrepancies in the results were 
resolved by a third researcher (Z.Y.). In cases where arti-
cle information was not available, an email was sent to 
the corresponding author to access the full text of the 
article. After achieving eligible articles, following data 
were extracted from each: first author’s name, year of 
publication, study location, trial duration, gender, mean 
age and mean body mass index (BMI) of participants, 
RCT design, the health status of the study population, 
sample sizes in each group, dose of RB supplementation, 
and TG (mg/dl), TC (mg/dl), LDL-C (mg/dl) and HDL-C 
(mg/dl) levels before and after the intervention. This 
information is presented in Table 1.

Quality assessment
We classified all studies into 4 groups according to the 
GRADE guidelines (Grading of Recommendations 
Assessment, Development, and Evaluation): high, mod-
erate, low, and very low [37].

To evaluate the risk of bias, the Cochrane risk of bias 
2.0 tool (RoB 2) per protocol for parallel group rand-
omized trials [38] was used. In this method, risk of bias is 
evaluated using seven indicators: random sequence gen-
eration, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting, and other biases. 
Two researchers independently assessed the risk of bias. 
Risk of bias was divided into 3 levels: unclear risk (U), 
low risk (L) and high risk (H) (Additional file 1: Table S1).

Data synthesis and analysis
In order to evaluate the effects of RB, the mean dif-
ferences in TG, TC, LDL-C and HDL-C between the 
intervention and control groups with their standard 
deviations (SDs) were calculated. The mean change 
was calculated by following formula: (measure at the 
end of follow-up in the intervention group—meas-
ure at baseline in the intervention group)—(measure 
at the end of follow-up in the control group—meas-
ure at baseline in the control group) [39]. Also, their 
SDs were calculated as follows: SD = square root [(SD 
pre-treatment) 2 + (SD post-treatment) 2 -(2R × SD 
pre-treatment × SD post-treatment)] [39]. In case a 
study reported the mean change or SD, we considered 
the same. When standard error of the mean (SEM) 
was reported instead of SD, we used the following 
formula to convert it to SD: SEM × √n (n = number 
of participants in each group). The random-effects 
model was applied to evaluate the pooled weighted 

mean difference (WMD) with 95% confidence inter-
vals (CIs). The presence of between-study heterogene-
ity was assessed by Cochrane’s Q test and I2 statistic. 
I2 value > 40% or P < 0.05 for the Q-test was charac-
terized as significant between-study heterogeneity 
[40]. To detect heterogeneity among subgroups, we 
performed a pre-defined subgroup analysis based on 
baseline TG, TC, LDL-C and HDL-C, country (USA 
or non-USA), study design (parallel or cross-over), 
age (≥ 50  years or less), study duration (≤ 4  weeks 
or more), RB dose (≥ 60  g/day or less), health status 
(hypercholesterolemic, non hypercholesterolemic), 
gender (male, female, or both) and baseline BMI (Nor-
mal (18.5–24.9 kg/m2), Overweight (25–29.9 kg/m2) or 
Obese (> 30 kg/m2)). The potential non-linear effects of 
RB dose (g/day) and treatment duration (weeks) were 
investigated using fractional polynomial modeling [41]. 
Meta-regression analysis was executed to evaluate the 
association between pooled effect size and RB dose (g/
day) and follow-up length (trial duration). A bubble 
plot was obtained with the size of the "bubble" propor-
tional to the accuracy of the estimate for each of the 
four factors separately. We also performed the sensitiv-
ity analysis method to assess the effect of each study on 
the overall result, by removing one by one of the stud-
ies. Probable publication bias was evaluated by Begg’s 
test [42] (significance point at P < 0.05), Egger’s test [43] 
(and visual funnel plots. All statistical analyzes were 
performed by STATA software (version 17.0; StatCorp, 
College Station, TX, USA). In this review P < 0.05 was 
indicated statistically significant.

Results
Study selection
Out of 2893 of articles from the database searching and 
one additional article from reference list checking, 1073 
duplicates were removed. Of the remaining 1821 studies, 
after screening the title and abstract, 1769 were excluded 
due to lack of relevance (1127) owing to being review 
articles (189) and being animal studies (453). Fifty-two 
papers were subjected for thorough full text assessment. 
Out of that, 44 studies were excluded due to the follow-
ing reasons: (a) RB oil but not rice bran was examined 
(n = 26), (b) The RB components have been investigated 
(n = 7) [14, 15, 19, 25, 44–46], (c) Full text paper was not 
found (n = 4) [47–50], (d) Short trial duration (postpran-
dial assessment) (n = 3) [51–53], (e) Lack of control group 
(n = 1) [54], (f ) Conducted on children (n = 1) [55], and 
(g) Defatted RB was examined (n = 1) [56]. Finally, eight 
eligible RCTs were included in this systematic review 
and meta-analysis. The PRISMA flow diagram for study 
selection is shown in Fig. 1.
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Study characteristics
Table 1 summarizes the characteristics of all the included 
studies. In total, 472 participants (286 cases and 186 con-
trols) with age range between 37 and 62  years old and 
BMI range between 24.43 and 28.7 kg/m2 were recruited.

These RCTs were conducted in Australia [31], United 
States [32, 33, 36], Iran [12, 34], Taiwan [13] and Italy 
[35]. Studies were published between 1990 and 2016 and 
their duration ranged from 3 to 12  weeks. Three of the 
selected RCTs were designed crossover [31, 32, 35] and 
the remaining were parallel. The study subjects were 

patients with hypercholesterolemia [31–35], patients 
with diabetes [12, 13], and colorectal cancer survivors 
[36]. Two studies exclusively enrolled men [31, 35], one 
enrolled only women [34] and the remaining enrolled 
both sexes [12, 13, 32, 33, 36]. Four studies applied a dou-
ble blind design [12, 13, 31, 33], one was single-blinded 
[36] and blindness was not mentioned in the rest [32, 
34, 35]. Participants did not take lipid-lowering drugs in 
none of the studies, although in three studies this was not 
mentioned [31, 32, 36]. The control group of the studies 
were as follows: Wheat bran (Kestin et  al. (A) [31] and 

Fig. 1  Flowchart of study selection for inclusion trials in the systematic review
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Matani et al. [34]), Oat bran (Kestin et al. (B) [31], Heg-
sted et al. [32] and Gerhardt (A) [33]), rice starch (Ger-
hardt et  al. (B)[33]), white flour without fiber (Tazakori 
et  al. [12]), milled rice flour (Cheng et  al. [13]), beta-
glucan enriched foods (Rondanelli et al. [35]), navy bean 
powder (Borresen et al. (A) [36]) and same ingredients as 
the intervention foods but not include RB (Borresen et al. 
(B) [36]).

Quality assessment
In terms of random sequence generation, two studies had 
low risk of bias [31, 35], five studies had unclear risk [13, 
32–34, 36] and one had high risk [12]. Allocation con-
cealment was unclear in all studies, with the exception of 
two studies which had a low risk of bias [33, 36]. All the 
trials had a low risk of bias regarding selective outcome 
reporting. Three studies were performed double blinded 
so considered low risk [13, 31, 33], one was single blinded 
(high risk) [36] and the others did not mention blind-
ing (unclear risk) [34, 35]. Outcome assessor blinding 
was ruled out in two studies (high risk) [13, 36], but was 
unclear in the other studies (unclear risk). None of the 
studies had incomplete outcome data or other sources 
of bias, so they were considered low risk in both aspects. 
After evaluation of studies based on the above seven cri-
teria, if a study met more than two high-risk indicators, 
it was considered generally high-risk, if it met two indi-
cators, it was considered moderate risk and if it met less 
than two indicators, it was considered low risk.

As a whole, all studies had a low risk of general bias, 
except for two studies that had a moderate risk of general 
bias [34, 36].

Meta‑analysis results
The effects of RB supplementation on TG, LDL-C, 
HDL-C and TC were evaluated by eight studies (with 11 
effect sizes) involving 369 participants (186 cases and 183 
controls).

Effect of RB supplementation on TG concentrations
Eleven effect sizes, including a total of 369 participants 
(186 intervention and 183 control subjects) assessed 
the effect of RB supplementation on circulating TG lev-
els. The overall meta-analysis reported that RB sup-
plementation does not significantly change serum TG 
levels (WMD: -11.38  mg/dl; 95% CI: -27.73, 4.96; 
P = 0.17) (Additional file  1: Figure S2.A). Also a sig-
nificant degree of heterogeneity was found (I2 = 79.5%, 
P < 0.001). Subgroup analysis showed a significant 
decrease in TG in studies involving both sexes, over-
weight and obese individuals, and 50  years’ old partici-
pants or younger (Table 2).

Effect of RB supplementation on TC concentrations
Overall, 11 arms of included clinical trials (186 inter-
vention and 183 control subjects) investigated the 
effect of RB supplementation on TC concentration, and 
pooled effect size showed a non-significant decreased 
serum TC concentration (WMD: -0.68 mg/dl; 95% CI: 
-7.25, 5.88; P = 0.834) with a significant heterogene-
ity between studies (I2 = 79.5%, P < 0.001) (Additional 
file 1: Figure S2.B). Furthermore, performing subgroup 
analyses, we did not find any significant effect of RB 
intake on TC levels among all the subgroups (Table 2).

Effect of RB supplementation on LDL‑C concentrations
In total, 11 effect sizes with a sample size of 369 par-
ticipants were included in the analysis. Combining 
these effect sizes, a significant reduction was not seen 
in serum concentrations of LDL-C following RB sup-
plementation (WMD: -1.68 mg/dl; 95% CI: -8.46, 5.09; 
P = 0.627) (Additional file  1: Figure S2.C). In addition, 
the degree of heterogeneity was significant (I2 = 81.2%, 
P < 0.001). In addition, the subgroup analysis revealed 
that in the study which exclusively enrolled obese 
women, the reduction in LDL-C following RB supple-
mentation was significant (Table 2).

Effect of RB supplementation on HDL‑C concentrations
The meta-analysis of 11 effect sizes involving 369 indi-
viduals revealed no significant change in HDL-C lev-
els after RB intervention (WMD: 0.16  mg/dl; 95% CI: 
-1.52, 1.85; P = 0.848) compared with control group 
(Additional file 1: Figure S2.D). The amount of hetero-
geneity was also notable among the studies (I2 = 60.3%, 
P = 0.005). Based on the analysis, in studies conducted 
in the United States, in cross-over studies and those 
with patients with hypercholesterolemia the inter-
vention group experienced a lower increase or even 
a decrease in HDL-C compared to the control group 
(Table 2).

Sensitivity analysis
In order to evaluate the contribution of each study to 
the final result of this meta-analysis, we removed each 
study in turn and assessed the results without them. As 
a result of this analysis, the overall effect size was not 
influenced by a single study except for HDL-C that the 
overall effect was changed significantly with the omis-
sion of Tazakori et  al. study [12] (WMD: -1.46  mg/dl, 
95%CI: -1.85, -1.07).

Publication bias
According to Eager’s test, Begg’s test and visual inspec-
tion of funnel plots, no publication bias was detected 
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Table 2  Subgroup analyses of rice bran supplementation on lipid profile in adults

heterogeneity

Number of 
effect sizes

WMD (95%CI) P-value P heterogeneity I2 P between 
sub-groups

Subgroup analyses of rice bran supplementation on triglyceride (TG)
Overall effect 11 -11.38 (-27.73, 4.96) 0.17  < 0.001 79.5%

Baseline TG (mg/dl)

   < 150 7 -8.73 (-24.81, 7.34) 0.287 0.001 72.3% 0.949

   ≥ 150 4 -10.44 (-60.94, 40.05) 0.685  < 0.001 87.6%

Country

  USA 5 -10.22 (-28.71, 8.27) 0.279 0.083 51.5% 0.906

  non-USA 6 -12.38 (-43.05, 18.29) 0.429  < 0.001 87.5%

Type of study

  Parallel 7 -11.23 (-43.54, 21.08) 0.496  < 0.001 81.5% 0.868

  Cross-over 4 -8.05 (-27.18, 11.07) 0.409 0.001 80.7%

Age (year)

   < 50 4 -27.58 (-49.01, -6.15) 0.012  < 0.001 85.5% 0.048

   ≥ 50 7 2.59 (-18.36, 23.56) 0.808 0.043 53.9%

Trial duration (week)

   ≤ 4 8 -11.56 (-30.55, 7.41) 0.232  < 0.001 83.5% 0.947

   > 4 3 -10.12 (-48.39, 28.14) 0.604 0.063 63.9%

Intervention dose (g/day)

   < 60 6 -11.02 (-48.50, 26.44) 0.564  < 0.001 87.2% 0.979

   ≥ 60 5 -11.57 (-26.35, 3.19) 0.124 0.042 59.7%

Health status

  Hypercholesterolemic 7 -0.00 (-18.39, 18.38) 0.999  < 0.001 77.4% 0.098

  non-hypercholesterolemic 4 -33.48 (-68.61, 1.64) 0.062 0.003 78.7%

Sex

  Both sexes 3 -22.80 (-43.27, -2.34) 0.029  < 0.001 75.5% 0.023

  Male 7 -0.48 (-18.46, 17.49) 0.958 0.123 52.2%

  Female 1 -11.38 (-27.73, 4.96) 0.050

Baseline BMI (kg/m2)

  Normal (18.5–24.9) 3 14.34 (-4.18, 32.87) 0.129 0.465 0.0% 0.001

  Overweight (25–29.9) 7 -24.73 (-41.02, 08.45) 0.003  < 0.001 75.4%

  Obese (> 30) 1 62.000 (-0.08, 124.08) 0.050
Subgroup analyses of rice bran supplementation on total cholesterol (TC)
Overall effect 11 -0.68(-7.25, 5.88) 0.834  < 0.001 79.5%

Baseline TC (mg/dl)

   < 200 0 - - - - -

   ≥ 200 11 -0.68 (-7.25, 5.88) 0.834  < 0.001 92.3%

Country

  USA 5 -2.18 (-9.89, 5.52) 0.579 0.006 72.0% 0.699

  non-USA 6 0.86 (-12.54, 14.27) 0.899  < 0.001 84.0%

Type of study

  Parallel 7 -4.26 (-15.62, 7.09) 0.462  < 0.001 79.9% 0.250

  Cross-over 4 4.52 (-5.23, 14.29) 0.363 0.001 82.8%

Age (year)

   < 50 4 -1.32 (-5.21, 2.57) 0.506 0.301 18.0% 0.936

   ≥ 50 7 -0.77 (-13.66, 12.12) 0.907  < 0.001 86.1%
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Table 2  (continued)

heterogeneity

Number of 
effect sizes

WMD (95%CI) P-value P heterogeneity I2 P between 
sub-groups

Trial duration (week)

   ≤ 4 8 2.32 (-3.71, 8.36) 0.451 0.002 69.2% 0.318

   > 4 3 -12.17 (-39.97, 15.63) 0.391  < 0.001 91.5%

Intervention dose (g/day)

   < 60 6 -0.94(-13.57, 11.68) 0.924  < 0.001 83.7% 0.949

   ≥ 60 5 -0.43(-9.44, 8.57) 0.883 0.002 76.6%

Health status

  Hypercholesterolemic 7 4.12(-4.73, 12.97) 0.362  < 0.001 83.1% 0.063

  non-Hypercholesterolemic 4 -9.09(-19.81, 1.63) 0.097 0.030 66.5%

Sex

  Both sexes 7 -5.75(-13.33, 1.826) 0.137  < 0.001 77.1% 0.020

  Male 3 7.53(-3.68, 18.75) 0.188 0.054 65.8%

  Female 1 25.00(0.26, 49.73) 0.048

Baseline BMI (kg/m2)

  Normal (18.5–24.9) 3 3.23(-17.37, 23.84) 0.758  < 0.001 90.3% 0.072

  Overweight (25–29.9) 7 -3.97(-9.89, 1.95) 0.189 0.018 60.7%

  Obese (> 30) 1 25.00(0.26, 49.73) 0.048

Subgroup analyses of rice bran supplementation on low density lipoprotein cholesterol (LDL-C)
Overall effect 11 -1.68(-8.46, 5.09) 0.627  < 0.001 81.2%

Baseline LDL-C(mg/dl)

  < 130 3 -13.60 (-38.34, 11.13) 0.281  < 0.001 89.6% 0.245

  ≥ 130 8 1.62(-5.30, 8.55) 0.646  < 0.001 76.8%

Country

 USA 5 -2.58 (-9.07, 3.90) 0.435 0.035 61.3% 0.792

  non-USA 6 -0.29 (-16.03, 15.45) 0.971  < 0.001 88.1%

Type of study

  Parallel 7 -5.17 (-18.71, 8.37) 0.454  < 0.001 85.2% 0.274

  Cross-over 4 3.36 (-3.76, 10.48) 0.355 0.024 68.3%

Age (year)

   < 50 4 -0.64 (-6.34, 5.04) 0.823 0.130 46.8% 0.861

   ≥ 50 7 -2.00 (-16.04, 12.04) 0.780  < 0.001 87.3%

Trial duration (week)

   ≤ 4 8 2.78 (-3.12, 8.69) 0.356 0.005 65.5% 0.132

   > 4 3 -17.78 (-43.88, 8.31) 0.182  < 0.001 91.6%

Intervention dose (g/day)

  < 60 6 -1.73 (-17.59, 14.11) 0.830  < 0.001 87.1% 0.942

   ≥ 60 5 -1.09 (-8.29, 6.09) 0.765 0.007 71.9%

Health status

  Hypercholesterolemic 7 3.14 (-4.47, 10.77) 0.419  < 0.001 79.0% 0.107

  non-Hypercholesterolemic 4 -12.33 (-29.56, 4.88) 0.160  < 0.001 84.3%

Sex

  Both sexes 7 -8.11 (-16.79, 0.55) 0.067  < 0.001 82.3% 0.001

  Male 3 6.55 (-1.14, 14.24) 0.095 0.221 33.7%

  Female 1 36.00 (11.62, 60.37) 0.004
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in studies evaluating the effect of RB supplementation 
on TG (P = 0.204, SE: 1.02, CI: -0.91—3.73, Egger’s 
test) (P = 0.276, Begg’s test), TC (P = 0.844, SE: 0.94, 
CI: -1.94—2.32, Egger’s test) (P = 0.436 Begg’s test), 
LDL-C (P = 0.981, SE: 0.88, CI: -1.99–2.03, Egger’s 
test) (p = 0.276 Begg’s test) or HDL-C (P = 0.081, SE: 
0.50, CI: -0.15–2.13, Egger’s test) (P = 0.436 Begg’s test) 
(Additional file 1: Figure S3 A-D).

Non‑linear dose–response analysis between dose 
and duration of RB supplementation and lipid profile
According to dose–response analysis, RB dose variety 
could significantly alter TG (r = -911.19, SE: 359.22, CI: 
-1739.55 – 82.82, P nonlinearity = 0.035), TC (r = 265.27, 
SE:55.22, CI: 137.92– 392.63, P nonlinearity = 0.001), and 
LDL-C (r = -547.14, SE:55.22, CI: 137.92– 392.63, P 
nonlinearity = 0.023) but did not alter HDL-C (r = 34.70, 
SE:35.64, CI: -47.48 – 116.89, P nonlinearity = 0.359) 

Table 2  (continued)

heterogeneity

Number of 
effect sizes

WMD (95%CI) P-value P heterogeneity I2 P between 
sub-groups

Baseline BMI (kg/m2)

  Normal (18.5–24.9) 3 -0.46 (-18.07, 17.14) 0.959 0.001 86.7% 0.007

  Overweight (25–29.9) 7 -4.91 (-12.80, 2.97) 0.222  < 0.001 78.9%

  Obese (> 30) 1 36.00 (11.62, 60.37) 0.004
Subgroup analyses of rice bran supplementation on high density lipoprotein cholesterol (HDL-C)
Overall effect 11 0.16 (-1.52, 1.85) 0.848 0.005 60.3%

Baseline HDL-C (mg/dl)

  < 40 1 -3.00 (-12.53, 6.53) 0.538 0.508

  ≥ 40 10 0.27 (-1.47, 2.03) 0.758 0.003 64.1%

Country

  USA 5 -1.50 (-1.90, -1.10)  < 0.001 0.599 0.0% 0.138

  non-USA 6 0.96 (-2.27, 4.21) 0.558 0.006 69.7%

Type of study

  Parallel 7 0.82 (-2.25, 3.89) 0.601 0.006 67.0% 0.145

   Cross-over 4 -1.48 (-1.88, -1.08)  < 0.001 0.451 0.0%

Age (year)

  < 50 4 1.65 (-2.17, 5.49) 0.397  < 0.001 86.6% 0.214

  ≥ 50 7 0.16 (-1.52, 1.85) 0.248 0.855 0.0%

Trial duration (week)

  ≤ 4 8 0.35 (-1.87, 2.58) 0.756 0.002 69.4% 0.534

  > 4 3 -0.70 (-3.19, 1.78) 0.578 0.342 6.8%

Intervention dose (g/day)

  < 60 6 0.31 (-3.17, 3.79) 0.830 0.861 71.7% 0.566

  ≥ 60 5 -0.77 (-2.08, 0.52) 0.243 0.243 18.8%

Health status

  Hypercholesterolemic 7 -1.45(-1.85, -1.06)  < 0.001 0.535 0.0% 0.297

  non-Hypercholesterolemic 4 0.90(-3.51, 5.33) 0.688 0.001 82.5%

Sex

  Both sexes 7 0.41(-1.92, 2.76) 0.726 0.001 73.6% 0.788

  Male 3 0.39(-1.98, 2.78) 0.743 0.921 0.0%

  Female 1 -3.00(-12.53, 6.53) 0.538

Baseline BMI (kg/m2)

  Normal (18.5–24.9) 3 1.05(-2.52, 4.64) 0.563 0.793 0.0% 0.724

  Overweight (25–29.9) 7 0.17(-1.88, 2.22) 0.870 0.001 73.7%

  Obese (> 30) 1 -3.00(-12.53, 6.53) 0.538

Abbreviations: CI confidence interval, WMD weighted mean differences, TG Triglyceride, TC Total cholesterol, LDL low density lipoprotein, HDL high density lipoprotein
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significantly (Additional file  1: Figure S4 A-D). Further-
more, dose–response analysis based on duration showed 
that although supplementation with RB significantly 
altered LDL-C (r = 1573.83, SE: 415.94, CI: 614.66–
2532.99, P nonlinearity = 0.005), it did not significantly 
change TG (r = 70.85, SE: 57.90, CI: -62.68 – 204.38, P 
nonlinearity = 0.256), and HDL-C (r = -216.14, SE: 163.16, 
CI: -592.41– 160.12, P nonlinearity = 0.222). The changes in 
TC levels were close to the significant level (r = 1019.33, 
SE: 452.79, CI: -24.75– 2063.42, P nonlinearity = 0.054) 
(Additional file 1: Figure 5 A-D).

Meta‑regression analysis
Meta-regression analysis was performed to investigate 
the possible relationship between RB dose, study dura-
tion and lipid profile changes. Based on this analysis, no 
significant association was detected between RB supple-
mentation dose and changes in TG (Slope = 0.17, Inter-
cept = 53.82, SE: 0.310, CI: -0.53 – 0.87, P linearity = 0.595), 
TC (Slope = 0.16, Intercept = 51.12, SE:0.60, CI: -1.21 
– 1.53, P linearity = 0.798), LDL-C (Slope = 0.15, Inter-
cept = 51.39, SE:0.50, CI: -0.98 – 1.29, P linearity = 0.763) 
or HDL-C (Slope = -0.44, Intercept = 50.90, SE:3.03 
CI: -7.31 – 6.42, P linearity = 0.887) levels (Additional 
file 1: Figure 6 A-D). Similarly, the relationship between 
study duration and changes in TG (Slope = 0.00, Inter-
cept = 3.66, SE:0.14 CI: -0.32 – 0.32, P linearity = 0.981), TC 
(Slope = -0.05, Intercept: 3.27, SE:0.14 CI = -0.37 – 0.27, 
P linearity = 0.721), LDL-C (Slope = -0.08, Intercept = 3.03, 
SE:0.13 CI: -0.39 – 0.22, P linearity = 0.533), and HDL-C 
(Slope = -0.17, Intercept = 5.13, SE:0.35 CI: -0.97 – 0.63, 
P linearity = 0.640) levels were not significant (Additional 
file 1: Figure 7 A-D).

Grading of evidence
The grading of evidence is presented in Additional file 1: 
Table S2. The quality of studies evaluating the effect of RB 
supplementation on TG, TC, LDL-C and HDL-C were 
deemed to be low due to their heterogeneity percentage 
between studies and their insignificancy.

Discussion
For the first time in this systematic review and meta-anal-
ysis, we assessed the effects of RB supplementation on 
lipid profile changes among human adults. After analyz-
ing the eight studies (with 11 effect sizes), we concluded 
that RB supplementation has no statistically significant 
effect on improving the serum levels of TG, TC, LDL-C, 
and HDL-C compared to control group. However, based 
on the subgroup analysis, the effect of RB on TG levels 
was significant in studies involving both men and women, 
as well as in studies in which participants were older than 
50  years old. This significance was mainly attributed to 

the study of Hegsted et al. [32]. In this study, the effect of 
100 g of stabilized RB supplementation in patients with 
hypercholesterolemia was investigated and since 100  g 
was the highest dose of RB supplementation among the 
studies, this significant difference can be attributed to the 
high dose of RB in this study [32]. Furthermore, based 
on a non-linear dose–response analysis, RB dose variety 
could significantly change TG, TC and LDL-C levels, but 
the variation of the study duration only caused a signifi-
cant change in LDL-C concentration. Meta-regression 
analysis was performed as well to detect the possible lin-
ear association between dose and duration and changes 
in lipid profile, but did not show a significant association.

The results of this meta-analysis are inconsistent with 
the results of some of the RCTs included in this review. 
Tazkari et  al. investigated the effectiveness of RB sup-
plementation on lipid profile changes in patients with 
diabetes and reported that RB supplementation could 
significantly reduce TG levels and increase HDL-C lev-
els [12]. In another study in patients with diabetes, it 
was found that supplementation with stabilized RB was 
able to significantly reduce TC and LDL-C concentra-
tions [13].

Notably, two meta-analyses have been investigated 
the effect of RB oil on lipid profile changes [28, 29]. 
Jolfaie et al. which included 11 RCTs found that RB oil 
supplementation could reduce the risk of cardiovascu-
lar disease through reducing TC and LDL-C levels [28]. 
In another meta-analysis, Pourrajab et al. showed a sig-
nificant effect of RB oil on TG reduction in addition to 
TC and LDL-C [29].

In addition to oil, rice bran also contains fiber and 
protein, which is considered in the present study. The 
results of previous study indicated that the effects of 
rice bran fiber concentrates on lowering TC and LDL-C 
in patients with diabetes was significantly higher than 
rice bran water soluble concentrates and stabilized 
rice bran [11]. There are about 21 g of dietary fiber per 
100  g of RB, while the same amount of oat bran con-
tains 15.4 g of fiber [57, 58]. 90% of RB dietary fiber is 
insoluble which includes cellulose, hemicellulose and 
arabinoxylans, and 10% is soluble fiber, which is mainly 
pectin and β-glucan [59–61]. Soluble fiber can lower 
blood cholesterol through following mechanisms: (a) 
binding to bile acids thus acting as bile acid seques-
trate, (b) increasing short chain fatty acids (SCFAs) 
production and decreasing hepatic cholesterol produc-
tion, (c) slowing down the absorption of carbohydrates, 
(d) reducing insulin secretion and thus reducing cho-
lesterol production [62]. It has also been shown that 
RB soluble fiber could down-regulate the expression of 
genes involved in lipogenesis and significantly reduce 
TG, TL and LDL-C levels [63].



Page 11 of 14Hariri et al. Systematic Reviews           (2023) 12:65 	

Although in general the cholesterol-lowering effect of 
soluble fiber is greater than that of insoluble fiber [64], 
mechanisms for improving lipid profile have also been 
described for insoluble fiber. By increasing the fecal bulk 
(bulking effect), insoluble fiber reduces the intestinal 
transit time and thus reduces fat absorption [65]. Another 
possible mechanism of insoluble fiber is to induce a long-
term satiety [66]. It has also been shown that RB protein 
can exhibit lipid-lowering effects by preventing the bind-
ing of cholesterol to bile acids, thereby lowering serum 
cholesterol and increasing fat excretion [67].

A distinct feature of rice bran is its high oil content 
(≈ 20.8%) compared to other bran, including wheat (≈ 
7.03%) and oat (≈ 4.25%) bran [58]. Despite the men-
tioned benefits for the defatted rice bran, a comparison of 
defatted RB and RB oil showed significant lipid lowering 
effects of RB oil [68]. Lipid-lowering effects of RB seem 
to be attributed to γ oryzanol, high amounts of vita-
min E and excellent fatty acid profile [8, 57]. γ oryzanol 
can lower cholesterol through a variety of mechanisms, 
including: inhibition of cholesterol-esterase [69, 70] and 
increased fecal excretion of cholesterol and bile acids 
[27, 71]. Two mechanisms has been also proposed for 
lipid-lowering effects of tocopherol: antioxidant activity 
against cholesterol oxidation [72] and 3-hydroxy-3meth-
ylglutaryl-coenzyme A (HMG-CoA) reductase inhibiting 
[73–76].

It seems that the dose of RB oil supplemented in RCTs 
was higher than the oil content of rice bran. Therefore, 
studies investigating the effects of RB oil have reported a 
significant improvement in lipid profile changes.

There are some strengths in the present systematic 
review and meta-analysis. This is the first meta-analysis 
to evaluate the effects of RB supplementation on lipid 
profile in human adults. It has also relatively acceptable 
number of studies and large sample sizes. There was no 
time or language limitation while searching the databases. 
Moreover, to discover the cause of heterogeneity, a sub-
group analysis was performed. All participants showed 
baseline TC > 200 mg/dl, which is considered as a border-
line for hypercholesterolemia according to National Cho-
lesterol Education Program (NCEP) III guidelines [77]. 
Sensitivity analysis was also performed for TG, TC and 
LDL-C parameters which showed that no study distinctly 
affected the overall result. No publication bias was dis-
covered among studies according to Eager’s test, Begg’s 
test and visual inspection of funnel plots.

Despite these strengths, following limitations should 
be taken into account while interpreting the results. 
There was an insufficient number of RCTs, and most of 
the RCTs had relatively small sample sizes. The pres-
ence of only one female single-sex group in the subgroup 
analysis based on gender, reduces the significance. Some 

RCTs were open-labeled, which can affect the outcome. 
The degree of heterogeneity was also significant between 
studies, and this may be due to the limited number of 
studies and their small sample sizes. Besides, the dose 
of the study also ranged from 20 to 100  g/day, and this 
variation made the comparison more complicated. As a 
result, these limitations suggest that more placebo con-
trolled randomized clinical trials with larger sample sizes 
are needed to determine the true effect of RB supplemen-
tation on lipid profile.

Conclusion
The present systematic review and meta-analysis dis-
closed that supplementation with rice bran did not show 
significant effects on serum levels of TG, TC, LDL-C 
and HDL-C. Given the existing contradictions, for more 
accurate and reliable conclusion on the effects of rice 
bran on serum lipid profiles, more clinical trials with 
larger sample sizes and different doses and durations are 
needed.
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supplementation on A) TG; B) TC; C) LDL-C and D) HDL-C. Abbreviations: 
TG: triglycerides; TC: total cholesterol; LDL-C: low-density lipoprotein cho-
lesterol; HDL-C: high-density lipoprotein cholesterol. Figure S4. Non-linear 
dose-response relations between dose of rice bran supplementation (g/
day) and absolute mean differences in A) TG; B) TC; C) LDL-C and D) HDL-C. 
Abbreviations: TG: triglycerides; TC: total cholesterol; LDL-C: low-density 
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol. 
Figure S5.  Non-linear dose-response relations between duration of 
intervention (week) and absolute mean differences in A) TG; B) TC C) LDL-C 
and D) HDL-C. Abbreviations: TG: triglycerides; TC: total cholesterol; LDL-C: 
low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein 
cholesterol. Figure S6.  Bubble plots of the association between dose of 
rice bran (g/day) and weighted mean difference of A) TG; B) TC; C) LDL-C 
and D) HDL-C. The size of the bubbles is proportional to the accuracy of 
the estimate. Abbreviations: TG: triglycerides; TC: total cholesterol; LDL-C: 
low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein 
cholesterol. Figure S7. Bubble plots of the association between duration 
of intervention and weighted mean difference of A) TG; B) TC C) LDL-C 
and B) HDL-C. The size of the bubbles is proportional to the accuracy of 
the estimate. Abbreviations: TG: triglycerides; TC: total cholesterol; LDL-C: 
low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein 
cholesterol. Search strategy. 
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