Supplementary Material S1. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation compared to control groups on body
mass index (BMI).

Study Weighted Mean Difference WMD 95% ClI
Accinni 2006 ] -0.550 [ -0.941; -0.159]
Borresen 2016 0.000 [-0.339; 0.339]
Ito 2015 I -1.400 [-11.696; 8.896]
Kim 2008 | -0.530 [-1.148; 0.088]
Nhung 2016 —— -0.100 [-1.619; 1.419]
Nikooyeh 2023 0.900 [ 0.526; 1.274]
Ogawa 2019 -5 0.300 [-0.920; 1.520]
Saphyakhajorn 2022 0.030 [-0.307; 0.367]
Zavoshy 2012 —p— 0.470 [-2.373; 3.313]
Mahdavi-Roshan 2024 T+ 1.470 [-0.566; 3.506]
Ghorbani 2025 —F -1.820 [-3.987; 0.347]
Random effects model ﬁl} 0.009 [-0.413; 0.432]

Heterogeneity: /2 = 73.3%, t2 = 0.2520, p < 0.0001 ' '
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Test result: t = -0.24, df = 9, p-value = 0.8164
Bias estimate: -0.2399 (SE = 1.0033)



Supplementary Material S2. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation compared to control groups on waist

circumference.

Study

Ito 2015

Lin 2020

Nhung 2016

Nikooyeh 2023
Saphyakhajorn 2022
Zavoshy 2012
Mahdavi-Roshan 2024
Ghorbani 2025

Random effects model
Heterogeneity: 12 = 74.3%, ©° = 2.5570, p = 0.0003
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Test result: t = -0.46, df = 6, p-value = 0.6647
Bias estimate: -0.4519 (SE = 0.9920)

WMD 95% CI

-1.400 [-5.482; 2.682]
-1.500 [-9.135; 6.135]
-1.600 [-5.087; 1.887]
-0.470 [-1.442; 0.502]
0.310 [-0.225; 0.845]
-2.640 [-10.277; 4.997]
9.390 [ 4.691;14.089]
-6.290 [-10.655; —1.925]

-0.332 [-1.975; 1.311]



Supplementary Material S3. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation compared to control groups on
systolic blood pressure (SBP).

Study Weighted Mean Difference WMD 95% CI
Choi 2014 —E— 1.270 [-4.803; 7.343]
Kim 2008 — -5.730 [-14.894; 3.434]
Lin 2020 —_— -15.900 [-27.131; —4.669]
Nhung 2016 —_— -0.600 [-11.096; 9.896]
Nikooyeh 2023 -2.000 [-3.292;-0.708]
Ogawa 2019 —B -4.600 [-8.374;-0.826]
Ogawa 2018 — -4.100 [-7.984;-0.216]
Saphyakhajorn 2022 —&=— —-6.990 [-11.524; —2.456]
Mahdavi—-Roshan 2024 — 1 -3.900 [-12.406; 4.606]
Ghorbani 2025 i -0.360 [-4.769; 4.049]
Random effects model fo | : -3.336 [ -5.248; -1.424]

Heterogeneity: 1 = 38.8%, v° = 3.0140, p = 0.0996 f '
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Test result: t = -1.37, df = 8, p-value = 0.2079
Bias estimate: -0.8320 (SE = 0.6072)



Supplementary Material S4. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation compared to control groups on
diastolic blood pressure (DBP).

Study

Choi 2014

Kim 2008

Lin 2020

Nikooyeh 2023

Ogawa 2019
Saphyakhajorn 2022
Mahdavi—-Roshan 2024
Ghorbani 2025

Random effects model

Weighted Mean Difference

Heterogeneity: I? = 74.4%, 1* = 8.3835, p = 0.0003 T T
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Test result: t = 2.41, df = 6, p-value = 0.0528
Bias estimate: 2.0800 (SE = 0.8642)

WMD

-1.360
-4.180
-7.800
-6.700
-0.900
-4.440

1.250
-1.530

-3.145

95% ClI

[-5.717; 2.997]
[-9.419; 1.059]
[-18.449; 2.849]
[ -7.767; -5.633]
[-3.673; 1.873]
[ -8.115; -0.765]
[ -5.187; 7.687]
[ -5.545; 2.485]

[ -5.690; —-0.600]



Supplementary Material S5. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation compared to control groups on fasting
blood glucose (FBG).

Study Weighted Mean Difference WMD 95% CI
Cheng 2010 — —-18.000 [-54.036; 18.036]
Lai 2012 —_—— 2.900 [-23.493;29.293]
Lin 2020 — -8.400 [-20.317; 3.517]

- 8.300 [ 3.413;13.187]
2.500 [-1.043; 6.043]
] -0.430 [-4.518; 3.658]
Umin 2015 - 1.520 [-6.786; 9.826]
Lellis 2024 = -1.800 [-5.893; 2.293]
Mahdavi-Roshan 2024 — - -24.940 [-45.654; —4.226]
Ghorbani 2025 — - -29.640 [-56.840; ~2.440]

Nikooyeh 2023
Ogawa 2019
Saphyakhajorn 2022

Random effects model -0.670 [ -4.844; 3.505]
Heterogeneity: /2 = 65.3%, t° = 20.9036, p = 0.0021 f T f T !
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Test result: t = -1.91, df = 8, p-value = 0.0932
Bias estimate: -1.5416 (SE = 0.8092)



Supplementary Material S6. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation compared to control groups on

glycated hemoglobin (HbAlc).

Study Weighted Mean Difference
Cheng 2010 —a—

Kim 2008 ———

Lai 2012 :

Nhung 2016 —

Nikooyeh 2023 B

Saphyakhajorn 2022 =

Umin 2015 ———

Lellis 2024 —E—

Random effects model : <> | ;

Heterogeneity: /2 = 66.7%, v = 0.0186, p = 0.0038 '
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Test result: t = 1.29, df = 6, p-value = 0.2432
Bias estimate: 1.3457 (SE = 1.0399)

0.5

95% CI

[-0.836; 0.036]
[-0.303; 0.243]
[-1.082; 0.882]
[-0.372; -0.068]
[-0.487; -0.313]
[-0.239; -0.001]
[-0.378; 0.278]
[-0.457; 0.257]

[-0.332; -0.067]



Supplementary Material S7. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation compared to control groups on insulin

levels.
Study Weighted Mean Difference WMD 95% CI
Kim 2008 2.440 [-2.684; 7.564]
Lai 2012 —_— —-0.900 [-4.687;2.887]
Nikooyeh 2023 — -0.900 [-1.907;0.107]
Saphyakhajorn 2022 N 0.220 [-1.106; 1.546]
Umin 2015 I 1.650 [-1.103; 4.403]
Random effects model <> -0.132 [-1.098; 0.834]

Heterogeneity: 12 = 21.2%, 12 = 0.2640, p = 0.2798 U
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Test result: t = 1.45, df = 3, p-value = 0.2439
Bias estimate: 1.2564 (SE = 0.8688)



Supplementary Material S8. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation compared to control groups on

triglycerides.

Study

Balters 1981
Borresen 2016
Borresen 2019
Cheng 2010
Gerhardt 1998

Ito 2015

Kim 2008

Lai 2012

Lin 2020

Nhung 2016
Nikooyeh 2023
Ogawa 2019
Qureshi 2002
Saphyakhajorn 2022
Upadya 2015
Zavoshy 2012

Lellis 2024
Mahdavi-Roshan 2024
Ghorbani 2025

Random effects model
Heterogeneity: /2 = 96.0%, 12 = 201.1420, p < 0.0001

Weighted Mean Difference

[ T T 1
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WMD 95% CI

3.740 [-17.398; 24.878]

0.900 [-31.658; 33.458]
-14.800 [-58.348; 28.748]
-0.500 [-0.627; -0.373]

5.000 [-43.143; 53.143]

9.500 [-34.586; 53.586]
15.100 [-20.480; 50.680]
20.300 [-9.109; 49.709]
-24.300 [-56.999; 8.399]
21.000 [-71.910; 113.910]
-0.600 [-5.639; 4.439)

6.700 [-20.033; 33.433]
-39.000 [-87.674; 9.674]
-13.070 [-38.341; 12.201]
-22.770 [-24.880; —20.660]
19.820 [-46.696; 86.336]
-17.400 [-32.095; —2.705]
-55.940 [-99.038; ~12.842]
-29.640 [-56.840; —2.440]
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Testresult: t = -1.24, df = 17, p-value = 0.2316
Bias estimate: -1.4559 (SE = 1.1737)



Supplementary Material S9. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation compared to control groups on total

cholesterol.
Study Weighted Mean Difference WMD 95% CI
Balters 1981 L -1.000 [-23.527; 21.527]
Borresen 2016 k3 -4.000 [-16.010; 8.010]
Borresen 2019 —t -16.500 [-39.041; 6.041]
Cheng 2010 ! -0.800 [ -0.927; -0.673]
Choi 2014 : o -4.000 [-18.777; 10.777]
Gerhardt 1998 -20.000 [-39.628; —0.372]
Ito 2015 -16.600 [-32.793; -0.407]
Kim 2008 = 18.250 [ 2.848; 33.652]
Lai 2012 -9.700 [-30.275; 10.875]
Lin 2020 EL -0.500 [-22.307; 21.307]
Nhung 2016 = 2100 [-18.431; 22.631]
Nikooyeh 2023 : 0.100 [ -3.347; 3.547]
Ogawa 2019 — 7.800 [ -5.520; 21.120]
Qureshi 2001 — -22.000 [-43.235; —0.765]
Qureshi 2002 - —-38.000 [-48.824;-27.176]
Saphyakhajorn 2022 L -9.840 [-20.524; 0.844]
Upadya 2015 -20.330 [-24.612; -16.048]
Zavoshy 2012 B -20.960 [-38.780; -3.140]
Lellis 2024 -30.500 [-35.169; -25.831]
Mahdavi-Roshan 2024 —=— —-70.490 [-101.277; -39.703]
Ghorbani 2025 —a— -94.230 [-131.190; -57.270]
Random effects model < -13.594 [ -20.289; -6.900]
Heterogeneity: /2 = 94.4%, 1 = 176.0647, p < 0.0001 f T T !
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Test result: t = -2.80, df = 19, p-value = 0.0114
Bias estimate: -2.3023 (SE = 0.8220)



Supplementary Material S10. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation to control groups on low-density
lipoprotein cholesterol (LDL-C).

Study Weighted Mean Difference WMD 95% CI
Accinn 2006 : | -43.000 [-61.927; —-24.073]
Borresen 2016 —a— -2.300 [-15.068; 10.468]
Borresen 2019 —'—‘— -14.300 [-35.575; 6.975]
Cheng 2010 : -1.100 [-1.227; -0.973]
Gerhardt 1998 —— -19.000 [-38.614; 0.614]
Ito 2015 — -17.600 [-31.056; —4.144]
Kim 2008 N 19.090 [ 1.721; 36.459]
Lai 2012 — T -9.100 [-30.818; 12.618]
Lin 2020 —m— 4100 [-10.537; 18.737]
Malve 2010 —- -4.610 [-14.818; 5.598]
Most 2005 — -11.000 [-25.450; 3.450]
Nhung 2016 —a— —-26.700 [-41.146; —12.254]
Nikooyeh 2023 f -3.400 [-6.062; -0.738]
Ogawa 2019 B 6.700 [-5.144; 18.544]
Qureshi 2001 —a—— —-27.000 [-50.195; -3.805]
Qureshi 2002 —a— -43.000 [-54.778; -31.222]
Saphyakhajorn 2022 —— -13.120 [-23.110; -3.130]
Upadya 2015 ; —24.090 [-25.876; —22.304]
Zavoshy 2012 P 5.330 [-10.171; 20.831]
Lellis 2024 | -43.100 [-54.780; -31.420]
Mahdavi-Roshan 2024 —E— -24.570 [-45.398; -3.742]
Ghorbani 2025 —— —-39.400 [-57.141; -21.659]
Random effects model > -14.580 [-21.124; -8.036]

Heterogeneity: /2 = 97.4%, t° = 191.0664, p <0.0001 | T T T
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Test result: t = -2.36, df = 20, p-value = 0.0287
Bias estimate: -2.9550 (SE = 1.2536)



Supplementary Material S11. Forest plot and funnel plot illustrating the effects of rice
bran or its bioactive compound supplementation to control groups on high-density

lipoprotein cholesterol (HDL-C).

Study

Accinn 2006
Borresen 2016
Borresen 2019
Cheng 2010
Gerhardt 1998

Ito 2015

Kim 2008

Lai 2012

Lin 2020

Nhung 2016
Nikooyeh 2023
Ogawa 2019
Qureshi 2001
Qureshi 2002
Saphyakhajorn 2022
Upadya 2015
Zavoshy 2012

Lellis 2024
Mahdavi-Roshan 2024
Ghorbani 2025

Random effects model

Heterogeneity: /2 = 97.1%, t2 = 17.6161, p < 0.0001
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Test result: t = 1.83, df = 18, p-value = 0.0834
Bias estimate: 2.3366 (SE = 1.2746)
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[ 3.074; 12.926]
[-6.001; 2.201]
[ -9.859; 9.659]
[ -0.070; -0.030]
[ -7.458; 11.458]
[ -9.095; 6.895]
[-29.325; 20.605]
[-7.082; 7.882]
[ -4.163; 15.963]
[-1.767; 7.767]
[ 0.061; 2.939]
[-7.123; 6.323]
[ -3.520; 11.520]
[ 0.392; 7.608]
[-5.304; 1.424]
[ 5.859; 6.921]
[-7.953; 5.673]
[ 13.222; 25.778]
[ 3.513; 9.207]
[ 0.381; 8.299]

[ 0.829; 5.319]



Supplementary Material S12. Subgroup analysis of the effects of rice bran
supplementation on various metabolic parameters: (a) body mass index (BMI), (b) waist
circumference, (c) systolic blood pressure (SBP), (d) diastolic blood pressure (DBP), (e)
tasting blood glucose (FBG), (f) glycated hemoglobin (HbAlc), (g) insulin levels, (h)
triglycerides, (i) total cholesterol, (j) low-density lipoprotein cholesterol (LDL-C), and
(k) high-density lipoprotein cholesterol (HDL-C).

Heterogeneity: Tau® = 0.1124; Chi® = 9.89, df = 6 (P = 0.13); I = 39%

Test for subgroup differences: Chi = 0.00,df =1 (P =0.97)

(b) Waist circumference

(a) BMI
Study WMD 95% Cl Weighted Mean Difference
Dyslipidemia
Accinni 2006 -0.55 [ -0.94; -0.16]

Ito 2015 -1.40 [-11.70; 8.90] |
Nhung 2016 -0.10[-1.62; 1.42] ——
Saphyakhajorn 2022 0.03 [ -0.31; 0.37] :
Zavoshy 2012 0.47 [ -2.37; 3.31] ——
Total (95% CI) -0.22 [ -0.58; 0.13] ¢
Heterogeneity: Tau? = 0.0360; Chi® = 5.15, df = 4 (P = 0.27); I = 22% :
MetS
Mahdavi—-Roshan 2024 1.47 [ -0.57; 3.51] T
Ghorbani 2025 -1.82[ -3.99; 0.35] ——
Total (95% CI) -0.15[ -3.38; 3.07] g
Heterogeneity: Tau? = 4.2616; Chi® = 4.7, df = 1 (P = 0.03); I° = 79%
Total (95% Cl) -0.21 [ -0.68; 0.27] 4

[ I I 1

Study WMD 95% Cl Weighted Mean Difference
Dyslipidemia :

Ito 2015 -1.40[ -5.48; 2.68] —

Nhung 2016 -1.60[-5.09; 1.89] — =
Saphyakhajorn 2022 0.31[-0.23; 0.85] ;

Zavoshy 2012 -2.64 [-10.28; 5.00] B —

Total (95% ClI) 0.23 [ -0.30; 0.75] »
Heterogeneity: Tau? = 0; Chi? = 2.3,df =3 (P =0.51); 12 = 0% :

MetS

Mahdavi-Roshan 2024 9.39[ 4.69; 14.09] —
Ghorbani 2025 -6.29 [-10.66; —1.92] —a—

Lin 2020 -1.50 [ -9.14; 6.14] —_—

Total (95% ClI) 0.58 [ -9.97; 11.14] e ——
Heterogeneity: Tau? = 78.6047; Chi? = 23.3, df = 2 (P < 0.01); I =91% :

Total (95% Cl) -0.39 [ -3.27; 2.49] ’I

Heterogeneity: Tau? = 9.7593; ChiZ = 25.66, df = 6 (P < 0.01); I = 77%
Test for subgroup differences: Chi? = 0.00, df = 1 (P =0.95)
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(c) SBP

Study WMD 95% Cl Weighted Mean Difference
Dyslipidemia

Nhung 2016 -0.60 [-11.10; 9.90]
Saphyakhajorn 2022 —6.99 [-11.52; -2.46] —a

Total (95% CI) -5.62 [-10.76; —0.48] -
Heterogeneity: Tau? = 3.4009; Chi® = 1.2, df = 1 (P =0.27); > = 17%
Hypertension

Ogawa 2019 -4.60 [ -8.37; —0.83] B

Ogawa 2018 -4.10[ -7.98; -0.22] —

Total (95% Cl) -4.36 [ -7.06; -1.65] . 4
Heterogeneity: Tau? = 0; Chi® = 0.03, df = 1 (P = 0.86); I = 0% 5

MetS :
Mahdavi-Roshan 2024 -3.90 [-12.41; 4.61] —T
Ghorbani 2025 -0.36 [ -4.77; 4.05] -

Lin 2020 -15.90 [-27.13; -4.67] ——+——

Total (95% CI) -5.41 [-13.50; 2.68] —~
Heterogeneity: Tau? = 34.6252; ChiZ = 6.46, df = 2 (P = 0.04); I? = 69% i

Total (95% CI) -4.38 [ -6.93; -1.83] | < | |

Heterogeneity: Tau® = 3.7185; Chi = 9.04, df
Test for subgroup differences: Chiz2 = 0.21, df

(d) DBP

Study

6 (P=0.17); 1>=34%
2 (P = 0.90)

WMD 95% CI

-20 -10 0 10

20

Weighted Mean Difference

Hypertension
Ogawa 2019
Lin 2020

Total (95% CI)

-0.90 [ -3.67; 1.87]
-7.80 [-18.45; 2.85]
-2.36 [ -7.87; 3.16]

Heterogeneity: Tau? = 8.0446; ChiZ = 1.51, df = 1 (P = 0.22); I = 34%

MetS
Mahdavi-Roshan 2024
Ghorbani 2025

Lin 2020

Total (95% Cl)

1.25[ -5.19; 7.69]
-1.53 [ -5.55; 2.49]
-7.80 [-18.45; 2.85]
-1.41 [ -4.72; 1.90]

Heterogeneity: Tau? = 0.2335; Chi® = 2.04, df = 2 (P = 0.36); I = 2%

Total (95% Cl)

-1.37 [ -3.43; 0.70]

Heterogeneity: Tau? = 0; Chi® = 3.55, df = 4 (P =0.47); 12=0%
Test for subgroup differences: Chi2 = 0.08, df =1 (P = 0.77)
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(e) FBG

Study WMD 95% Cl Weighted Mean Difference
T2DM :
Cheng 2010 -18.00 [-54.04; 18.04] —
Lai 2012 2.90 [-23.49; 29.29] —_—
Nikooyeh 2023 8.30[ 3.41;13.19] e
Umin 2015 1.52[-6.79; 9.83] ——
Total (95% CI) 5.22 [ -0.43; 10.87] >
Heterogeneity: Tau? =7.5028; Chi® =3.72, df = 3 (P =0.29); ?=19% :
Dyslipidemia
Saphyakhajorn 2022 -0.43[ -4.52; 3.66] L]
Lellis 2024 -1.80 [ -5.89; 2.29] -
Total (95% Cl) -1.11[ -4.01; 1.78] .
Heterogeneity: Tau? = 0; Chi® = 0.22, df = 1 (P = 0.64); I> = 0%
MetS
Mahdavi-Roshan 2024 -24.94 [-45.65; -4.23] ——%——
Ghorbani 2025 -29.64 [-56.84; —-2.44] ——————
Lin 2020 -8.40 [-20.32; 3.52] —E
Total (95% CI) -17.28 [-30.90; —3.66] -
Heterogeneity: Tau? = 56.2202; Chi? = 3.17, df = 2 (P = 0.20); I = 37%
Total (95% CI) -2.02[ -7.34; 3.29]
Heterogeneity: Tau® = 31.4384; Chi® = 24.94, df = 8 (P <0.01); I” = 68% T
Test for subgroup differences: Chi2 = 9.93, df =2 (P < 0.01) 40 =20 0 20 40
(f) HbA1C
Study WMD 95% Cl  Weighted Mean Difference
T2DM
Cheng 2010 -0.40 [-0.84; 0.04] —_——
Lai 2012 -0.10[-1.08; 0.88]
Nikooyeh 2023 -0.40 [-0.49; -0.31] -
Umin 2015 -0.05 [-0.38; 0.28] —a—
Total (95% CI) -0.31 [-0.50; -0.13] -
Heterogeneity: Tau® = 0.0126; Chi® = 4.39, df = 3 (P = 0.22); I> = 32%
Dyslipidemia
Nhung 2016 -0.22 [-0.37; -0.07] -
Saphyakhajorn 2022 -0.12 [-0.24; -0.00] T
Lellis 2024 -0.10 [-0.46; 0.26] b
Total (95% CI) -0.15 [-0.24; -0.06] <
Heterogeneity: Tau? = 0; Chi® = 1.13, df = 2 (P = 0.57); 1> = 0%
Total (95% Cl) -0.22 [-0.36; -0.08] >
Heterogeneity: Tau® = 0.0176; Chi? = 18.08, df = 6 (P < 0.01); 1> = 67% ' ' '
Test for subgroup differences: Chi2 = 2.32, df =1 (P = 0.13) -1 -0.5 0 0.5



(g) Insulin levels

Study WMD 95% Cl Weighted Mean Difference
T2DM :

Lai 2012 -0.90 [-4.69; 2.89]

Nikooyeh 2023 -0.90 [-1.91; 0.11]

Umin 2015 1.65 [-1.10; 4.40]

Total (95% Cl)

-0.32 [-1.85; 1.21]

Heterogeneity: Tau? = 0.6905; ChiZ = 2.93, df = 2 (P = 0.23); I? = 32%

Total (95% CI)

-0.32 [-1.85; 1.21]

Heterogeneity: Tau? = 0.6905; Chi® = 2.93, df = 2 (P = 0.23); I = 32% '
Test for subgroup differences: Chi2 = 0.00, df = 0 (P = NA) -4
(h) Triglycerides

Study WMD 95% Cl  Weighted Mean Difference
Dyslipidemia
Borresen 2019 -14.80 [-58.35; 28.75] —=T—
Gerhardt 1998 5.00 [-43.14; 53.14] —_—
Nhung 2016 21.00[-71.91; 113.91]

Qureshi 2002
Saphyakhajorn 2022
Upadya 2015
Zavoshy 2012

Lellis 2024

Total (95% Cl)

-39.00 [-87.67; 9.67]
-13.07 [-38.34; 12.20]
-22.77 [-24.88; -20.66]
19.82 [-46.70; 86.34]
-17.40 [-32.10; —2.70]
-22.49 [-24.57; —20.42]

Heterogeneity: Tau? = 0; Chi? = 5.27, df = 7 (P = 0.63); I = 0%

T2DM

Cheng 2010
Lai 2012
Nikooyeh 2023
Total (95% Cl)

-0.50 [ -0.63; -0.37]
20.30 [ -9.11; 49.71]
-0.60 [ -5.64; 4.44]
-0.50 [ -0.63; -0.37]

Heterogeneity: Tau® = 0; Chi? = 1.92, df = 2 (P = 0.38); I> = 0%

Obesity

Ito 2015

Kim 2008
Total (95% Cl)

9.50 [-34.59; 53.59]
15.10 [-20.48; 50.68]
12.89 [-14.80; 40.58]

Heterogeneity: Tau® = 0; Chi? = 0.04, df = 1 (P = 0.85); I> = 0%

MetS
Mahdavi-Roshan 2024
Ghorbani 2025

Lin 2020

Total (95% ClI)

-55.94 [-99.04; —12.84]
-29.64 [-56.84; —2.44]
-24.30 [-57.00; 8.40]

-32.88 [-51.70; 14.07]

Heterogeneity: Tau? = 0; ChiZ = 1.42, df = 2 (P = 0.49); I = 0%

Total (95% Cl)

-9.94 [-20.05; 0.18]

Heterogeneity: Tau® = 205.6645; Chi? = 451.25, df = 15 (P < 0.01); I = 97%

Test for subgroup differences: Chiz = 442.60, df

3 (P <0.01)
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(1) Total cholesterol

Study WMD 95% Cl Weighted Mean Difference
Healthy ’
Balters 1981 -1.00 [ -23.53; 21.53] 5
Choi 2014 -4,00[ -18.78; 10.78] i
Total (95% CI) -3.10 [ -15.45; 9.26] > 8
Heterogeneity: Tau® = 0; Chi® = 0.05, df = 1 (P = 0.83); 1= 0%

Dyslipidemia

Borresen 2019 -16.50 [ -39.04; 6.04] —
Gerhardt 1998 -20.00 [ -39.63; -0.37] =
Nhung 2016 2.10 [ -18.43; 22.63] —
Qureshi 2001 -22.00 [ -43.24; -0.76) —
Qureshi 2002 -38.00 [ -48.82; —27.18] -
Saphyakhajorn 2022 -9.84 [ -20.52; 0.84] L
Upadya 2015 -20.33 [ -24.61; -16.05]

Zavoshy 2012 —-20.96 [ -38.78; -3.14] B
Lellis 2024 -30.50 [ -35.17; —25.83]

Total (95% CI) -21.37 [ -28.36; -14.38] *
Heterogeneity: Tau? = 65.0504; Chi? = 30.38, df = 8 (P < 0.01); I = 74%

T2DM

Cheng 2010 -0.80[ -0.93; -0.67]

Lai 2012 -9.70 [ -30.28; 10.88] —
Nikooyeh 2023 0.10[ -3.35; 3.55]

Total (95% ClI) -0.80[ -0.93; -0.67]

Heterogeneity: Tau? = 0; Chi? = 0.98, df = 2 (P = 0.61); 1> = 0%

Obesity

lto 2015 -16.60 [ -32.79; —0.41] ——
Kim 2008 18.25[ 2.85; 33.65] ——
Total (95% Cl) 0.92 [ -33.23; 35.07] .
Heterogeneity: Tau? = 542.2576; ChiZ = 9.34, df = 1 (P <0.01); I = 89%

MetS

Mahdavi-Roshan 2024 —-70.49 [-101.28; -39.70] —E—
Ghorbani 2025 -94.23 [-131.19; -57.27) —+—

Lin 2020 -0.50 [ -22.31; 21.31] ———
Total (95% CI) -53.74 [-113.13; 5.66] ——

Heterogeneity: Tau? = 2516.5922; Chi? = 24.52, df = 2 (P < 0.01); I2 = 92%

Total (95% CI) -15.50 [ -22.73; -8.28] *
Heterogeneity: Tau? = 185.5322; Chi? = 352.15, df = 18 (P <0.01); > = 95% I T T I
Test for subgroup differences: Chiz = 36.43, df = 4 (P <0.01) -100 -50 O 50 100




(j) LDL-C

Study WMD 95% Cl  Weighted Mean Difference
Dyslipidemia :

Accinn 2006 -43.00 [-61.93; -24.07] —=+—

Borresen 2019 -14.30 [-35.58; 6.98] —a
Gerhardt 1998 -19.00 [-38.61; 0.61] ——

Malve 2010 -4.61[-14.82; 5.60] =

Nhung 2016 -26.70 [-41.15; -12.25] e

Qureshi 2001 -27.00 [-50.20; -3.80] —=+———

Qureshi 2002 -43.00 [-54.78; -31.22] —=+—
Saphyakhajorn 2022 -13.12[-23.11; -3.13] —

Upadya 2015 -24.09 [-25.88; —22.30] ;

Zavoshy 2012 5.33[-10.17; 20.83] —
Lellis 2024 -43.10 [-54.78; -31.42] —=+——

Total (95% Cl) -22.91 [-30.89; -14.93] -
Heterogeneity: Tau? = 128.0234; Chi? = 57.51, df = 10 (P < 0.01); I =83% ]

T2DM i

Cheng 2010 -1.10[-1.23; -0.97] :

Lai 2012 -9.10 [-30.82; 12.62] e
Nikooyeh 2023 -3.40 [ -6.06; -0.74] :

Total (95% CI) -1.82[ -3.67; 0.03] [
Heterogeneity: Tau® = 1.2589; Chi? = 3.38, df =2 (P = 0.18); > = 41%

Obesity :

Ito 2015 -17.60 [-31.06; —4.14] ——

Kim 2008 19.09 [ 1.72; 36.46] L
Total (95% Cl) 0.32 [-35.63; 36.26] e —
Heterogeneity: Tau® = 610.2447; Chi® = 10.71, df =1 (P < 0.01); = 91%

MetS :
Mahdavi-Roshan 2024 —24.57 [-45.40; -3.74] —_—

Ghorbani 2025 -39.40 [-57.14; -21.66] —=+—

Lin 2020 4.10 [-10.54; 18.74] L
Total (95% CI) -19.50 [-46.93; 7.92] ———
Heterogeneity: Tau? = 504.8509; Chi? = 14.58, df = 2 (P < 0.01); I = 86% _

Total (95% Cl) -16.68 [-23.84; -9.52] | IO ——

Heterogeneity: Tau? = 197.4523; Chi® = 814.65, df = 18 (P < 0.01); = 98%
Test for subgroup differences: Chiz2 = 26.91, df = 3 (P <0.01)
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(k) HDL-C

Study WMD 95% Cl Weighted Mean Difference

Dyslipidemia

Accinn 2006 8.00[ 3.07;12.93] i

Borresen 2019 —-0.10 [ -9.86; 9.66] —&—

Gerhardt 1998 2.00 [ -7.46; 11.46] —

Nhung 2016 3.00 [ -1.77; 7.77] T

Qureshi 2001 4.00 [ -3.52; 11.52] —1—

Qureshi 2002 4.00[ 0.39; 7.61] LN

Saphyakhajorn 2022 -1.94[-5.30; 1.42] E &

Upadya 2015 6.39[ 5.86; 6.92] |

Zavoshy 2012 -1.14 [ -7.95; 5.67] ——

Lellis 2024 19.50 [ 13.22; 25.78] ] ——

Total (95% Cl) 4.54 [ 1.42; 7.66] >

Heterogeneity: Tau? = 17.0962; Chi? = 50.98, df = 9 (P < 0.01); I* = 82% :

T2DM

Cheng 2010 -0.05[ -0.07; -0.03] :

Lai 2012 0.40[-7.08; 7.88] ——

Nikooyeh 2023 1.50 [ 0.06; 2.94] :

Total (95% Cl) 0.49 [ -0.75; 1.74] y:

Heterogeneity: Tau? = 0.6423; Chi® = 4.47, df =2 (P = 0.11); 2 = 55% :

Obesity

Ito 2015 -1.10[-9.09; 6.89] —~—|—

Kim 2008 —-4.36 [-29.32; 20.60] -

Total (95% Cl) -1.40 [ -9.02; 6.21] ‘

Heterogeneity: Tau? = 0; Chi? = 0.06, df = 1 (P =0.81); 12=0% ;

MetS

Mahdavi-Roshan 2024 6.36 [ 3.51; 9.21] -

Ghorbani 2025 4.34[ 0.38; 8.30] N

Lin 2020 5.90 [ -4.16; 15.96] ——

Total (95% Cl) 5.68 [ 3.43; 7.94] h g

Heterogeneity: Tau? = 0; Chi® = 0.66, df = 2 (P =0.72); 12=0%

Total (95% Cl) 3.58 [ 1.19; 5.97] *
T T 1T 1

Heterogeneity: Tau? = 17.9626; Chi? = 650.37, df = 17 (P < 0.01); I? = 98%
Test for subgroup differences: Chiz2 = 19.18, df = 3 (P < 0.01)
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Supplementary Material S13. Meta-regression analysis of the effect of rice bran
supplementation duration (days) on various metabolic parameters: (a) body mass index
(BMI), (b) waist circumference, (c) systolic blood pressure (SBP), (d) diastolic blood
pressure (DBP), (e) fasting blood glucose (FBG), (f) HbA1C, (g) insulin levels, (h)
triglycerides, (i) total cholesterol, (j) low-density lipoprotein cholesterol (LDL-C), and (k)
high-density lipoprotein cholesterol (HDL-C). The X-axis represents the duration of rice
bran supplementation, while the Y-axis represents the weighted mean difference (WMD)
in each metabolic parameter. Each dot represents an individual study, with the regression
line indicating the overall trend and the shaded area representing the 95% confidence
interval (CI).
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(b) Waist circumference
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(d) DBP

WMD of DBP
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N = 6, Coefficient = -3.598, p < 0.001

WMD of FBG

(f) HbA1C

(g) Insulin levels

T T T T
50 60 70 80
Duration of intervention (days)
N = 8, Coefficient = 1.905, p = 0.057



(h) Triglycerides
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(j) LDL-C

WMD of LDL-C

50 100 150
Duration of intervention (days)
N =17, Coefficient = -0.662, p = 0.508

(k) HDL-C

WMD of HDL-C

Duration of intervention (days)
N =15, Coefficient = 0.323, p = 0.747



Supplementary Material S14. Meta-regression analysis of the effect of rice bran
supplementation dose (grams/day) on various metabolic parameters: (a) body mass
index (BMI), (b) waist circumference, (c) systolic blood pressure (SBP), (d) diastolic
blood pressure (DBP), (e) fasting blood glucose (FBG), (f) HbA1C, (g) insulin levels, (h)
triglycerides, (i) total cholesterol, (j) low-density lipoprotein cholesterol (LDL-C), and
(k) high-density lipoprotein cholesterol (HDL-C). The X-axis represents the rice bran
dose, while the Y-axis represents the weighted mean difference (WMD) in each
metabolic parameter. Each dot represents an individual study, with the regression line
indicating the trend and the shaded area denoting the 95% confidence interval (CI).
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(j) LDL-C

(k) HDL-C
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Supplementary Material S15. Subgroup analyses of rice bran supplementation: dose
variation in rice bran or its bioactive compound supplementation and duration of
intervention (days).

Number Effect Estimates
MetS-Related
Subgroups of
Parameters WMD 95% CI
Studies
Overall 11 0.009 -0.413 to 0.432
>20g/d 6 -0.040 -0.320 to 0.250
Dose variation in
Body mass . <20 g/d 1 -1.820 -3.990 to 0.350
rice bran
index (BMI) 1 tat
suppiementation Oryzanol 3 -0490  -0.810 to-0.170
>90 2 -0.520 -0.900 to -0.140
Duration of
intervention (days) <90 9 -0.130 -0.320 to 0.590
Overall 8 -0.332 -1.975 to 1.311
>20 g/d 7 0.230 -1.280 to 1.730
: Dose variation in
| Waist . <20 g/d 1 6290  -10.660 to -1.920
circumferenc rice bran
e supplementation Oryzanol B} _ _
>90 1 -1.600 -5.090 to 1.890
Duration of
intervention (days) <90 7 -0.160 -1.950 to 1.640
Systolic Overall 10 -3.336 -5.248 to -1.424
blood
pressure Dose variation in >20g/d 5 -4.820 -8.880 to -0.760
(SBP) rice bran
<20 g/d 3 -1.590 -4.730 to 1.550

supplementation




Oryzanol 2 -4.760 -8.250 to -1.270
>90 1 -0.600 -11.100 to 9.900
Duration of
intervention (days) <90 9 -3.470 -5.490 to -1.440
Overall 8 -3.145 -5.690 to -0.600
>20g/d 4 -4.840 -7.970 to -1.700
Diastolic Dose variation in
blood ) <20 g/d 2 -1.450 -4.400 to 1.500
rice bran
pressure ) at
DBP supplementation Oryzanol 2 1760  -4.580 to 1.070
y
>90 - - -
Duration of
intervention (days) <90 8 -3.150 -5.690 to -0.600
Overall 10 -0.670 -4.844 to 3.505
>20 g/d 4 -2.380 -11.380 to 6.610
Fasting Dose variation in
blood rice bran <20 g/d 4 0.270 -6.750 to 7.280
glucose supplementation Oryzanol 2 -2.010 -6.070 to 2.060
(FBG) o0 : : :
Duration of
intervention (days) <90 10 -0.670 -4.840 to 3.510
Overall 8 -0.199 -0.332 to -0.067
>20g/d 3 -0.250 -0.430 to -0.070
HbA1C Dose variation in
) <20 g/d 2 -0.060 -0.700 to 0.260
rice bran
supplementation Oryzanol 3 0120 -0.320 to 0.070




>90 1 -0.220 -0.370 to -0.070
Duration of
intervention (days) <90 7 -0.190 -0.350 to -0.030
Overall 5 -0.132 -1.098 to 0.834
>20g/d 2 -0.430 -1.510 to 0.660
Dose variation in
) . <20g/d 2 0.720 -1.690 to 3.130
Insulin rice bran
levels ~ Supplementation Oryzanol 1 2440  -2.680 to 7.560
>90 - - -
Duration of
intervention (days) <90 5 -0.130 -1.100 to 0.830
Overall 19 -7.570 -16.714 to 1.573
>20g/d 11 -2.650 -8.950 to 3.640
Dose variation in <20 g/d 4 -1.030 -15.780 to 13.710
. ) rice bran
Triglycerides _ -29.790 to -
supplementation Oryzanol 4 -18.920
8.050
>90 2 -22.750  -24.860 to -20.640
Duration of
intervention (days) <90 17 -3.750 -8.970 to 1.470
Overall 21 -13.594  -20.289 to -6.900
>20g/d 12 -12.720  -21.130 to -4.320
Total &/ ©
Dose variation in
cholesterol . <20g/d 5 -11.010 -26.330 to 4.320
rice bran
supplementation Oryzanol 4 18760 -39.150 to 1.630




>90 2 -11.450  -20.890 to -6.750
Duration of
intervention (days) <90 19 -13.820 -20.890 to -6.750
Overall 22 -14.580  -21.124 to -8.036
>20g/d 12 -12.000  -20.420 to -3.590
Low-density pgge variation in
, ) : <20 g/d 5 -7.230 -17.600 to 3.130
lipoprotein  rice bran
cholesterol  SUPplementation Oryzanol 5 27770 -50.200 to -5.340
LDL-C
( ) >90 4 -22.930  -35.050 to -10.810
Duration of
intervention (days) <90 18 -12.060 -17.460 to -6.670
Overall 20 3.074 0.829 to 5.319
>20g/d 11 1.980 -0.630 to 4.590
High-density pgge variation in
) ) : <20 g/d 4 2.650 -1.380 to 3.160
lipoprotein ~ rice bran
cholesterol  SUpplementation Oryzanol 5 8060  1.690 to 14.430
HDL-C
( ) >90 3 6.240 4.830 to 7.650
Duration of
intervention (days) <90 17 2.360 0.510 to 4.210




Supplementary Material S16. Study characteristics included in the meta-analysis.

Age Number of
Author . . . . Participants Duration
Design Country | Participants | (Year Sex Intervention Control P
(Year) Interve (Days)
) . Control
ntion
Daily dietary
supplementation
with polyunsaturate
d fatty acids n-3 (660
. mg eicosapentaenoic
. . | Randomize . .
Accinni d controlled Ttaly [?ysl.lp'ldemlc 23-65 Both (EPA) and 440 rr'1g 'Placebo 20 19 120
(2006) trial individuals docosahexaenoic (rice starch)
(DHA)) and vitamin
E
(a-tocoferol, 4 mg) +
oryzanol (40.2 mg)
and niacin (18 mg)
Randomize United Basal diet with rice
Balters d controlled | States of . H‘ea‘lthy 20-50 Both bran into the bread Placeb‘o 10 10 34
(1981) ) ) individuals (basal diet)
trial America (20 g/d)
Randomize
d single- United Colorectal .
Borresen blind States of cancer 30-85 Both Rice bran powder .Placebo 9 10 28
(2016) ) ) (30 g/d) (rice starch)
controlled | America patients
trial
Bumrun | Randomize .. . _—
gpert | d controlled | Thailand H}‘Ipe?h‘p idemig 20-60 Both Rice bran oil (30 mL) Ol,l without 15 15 28
. individuals rice bran
(2019) trial




Randomize

Chen d double- Type 2 Rice bran flour: 20 g Placebo
& blind Taiwan diabetes 57-58 Both of rice bran (milled rice 17 11 84
(2010) . . .
controlled patients contained 3.9 g of oil flour)
trial
Randomize Rice bran fermented
. d double- with Lentinus
Choi blind Korea . H?élthy 25-70 Both edodes (rice bran 'Placebo 40 37 56
(2014) individuals ) : (rice starch)
controlled exo-biopolymer) in
trial capsules (3 g/d)
ROSSOPURO®
Randomize Forte with
. d, double- L. ) Monacolins,
D(zgzegls blind Ttaly ?ﬁ;&fﬁie 1870 | Both y-Aminobutyric Placebo 44 44 84
controlled Acid (GABA), and
trial v-Oryzanol
(0.062 g/d)
Randomize United Hypercholest A heat-stabﬂ.lzed,
Gerhardt . full-fat, medium- Placebo
d controlled | States of erolemic 32-64 Both . . 14 13 42
(1998) . . o e grain rice bran (rice starch)
trial America individuals
product (84 g/d)
Randomize
Ghorban d open- Metabolic Standard diet with | Standard diet
i (2025) label Iran syndrome 30-65 Both rice bran powder without rice 24 19 56
controlled individuals (15 g/d) bran powder

trial




Obese

Randomize ndividual Rice bran acylated Placeb
Ito (2015) | d controlled Japan vigna’s 54 Males steryl glucosides . © 40 20 84
trial with high (0.05 2/d) (rice starch)
a LDL-C level 8
Randomize
. linolei
Kim d double- Healthy Con]Z§?£e3dO . Conjugate
blind Korea overweight | 19-50 | Females . o8 omHsar 14 12 84
(2008) e with oryzanol 0.3 g | linoleic acid
controlled individuals
. 6 capsules/d
trial
Randomize
. d single- Type 2 Rice bran oil-
Lai blind Taiwan diabetes 56-57 Both modified milk .Placebo 18 17 35
(2012) ) ) ) (rice starch)
controlled patients (18 g/d rice bran oil)
trial
) Randomize Metabolic ! ) Refined oil
Lin . syndrome Refined rice bran ) .
d controlled | Taiwan - Both without rice 26 17 56
(2020) . and healthy (20 g/d)
trial e bran
individuals
Randomize
Mahdavi d Metabolic Standard diet with Standard diet
-Roshan | open-label Iran syndrome 45-70 Both rice bran oil (30 g/d) without rice 23 21 56
(2024) controlled individuals & bran oil
trial
Randomize
d double- .. . . ) Blend oil
Malve blind India | YPerlipidemic o o5l pom Rice bran oil without rice 35 31 90
(2010) individuals (16.67 g/d) .
controlled bran oil

trial




Randomize

Moderately
d double- United . o .
Most blind States of hyperch()'lest 3 Both Rice bran oil diet Control '011 14 14 70
(2005) . erolemic (56 g/d) blend diet
controlled America L.
) individuals
trial
Post-
Randomize menopausal Pre-germinated
Nhung . with high brown Rice bran Placebo
(2016) d Cotr;tile‘l(l)lled Vietnam LDL-C lovel 45-65 | Females extract (rice starch) 30 30 180
(over 140 (50 g/d)
mg/dL)
Randomize Unfortified
Nikooye d double- Type2 Oryzanol -fortified canola oil
y blind Iran diabetes | 20-65 | Both Yo , 30 32 84
h (2023) ) canola oil (30 g/d) (without
controlled patients
trial oryzanol)
R;ziz?llj_e High-normal
Ogawa blind Japan blood 45-64 Both Processed rice bran 'Placebo 14 13 g4
(2019) pressure (1g/d) (rice starch)
controlled e
) individuals
trial
Randomize High-normal
blood
Ogawa d double- ressure and Thermolysindigeste
& blind Japan | PFE 45-65 | Both FIOTYSINELS Placebo 44 43 84
(2018) mild d rice bran (1 g/d)
controlled .
. hypertension
trial

individuals




Randomize
d double-

. . United | Hypercholest Tocotrienol-rich
Qureshi | blind, cross- States of erolemic 45 Both fraction AHA ‘Step -1 18 18 35
(2001) over Ameri dividual 02 g/d) diet
controlled erica | Idiviguass 85
trial
. | Randomize United Hypercholest Tocotrienol-rich
h AHA Step-1
Q(l;(l;g;) " | d controlled | States of erolemic <50 Both fraction diitep 18 18 35
trial America individuals (0.2 g/d)
Overweight/
obese
Saphyak | Randomize o .
hajorn | d controlled | Thailand | "9Viduals g g5 | pog | Defattedricebran Placebo 30 31 84
) with (30 g/d)
(2022) trial
hypercholest
e rolemia
Randomize
. d single- Type 2 . .
R
Umin blind Japan diabetes 35-60 Both e bre‘m and rice Placebo 12 11 84
(2015) ) bran oil (8.2 g/d)
controlled patients
trial
Randomize
Upadva d double- Blend oil with Blend oil
(50 1 5}; blind India  [Hyperlipidemiq 25-45 Both rice bran oil without rice 39 41 90
controlled individuals (1 L/person/month) bran oil

trial




Zavoshy
(2012)

Randomize
d controlled
trial

Iran

Hyperlipidemiq
individuals

25-65

Both

Low-calories diet
with rice bran oil (30
g/d)

Low-calories
diet without
rice bran oil

14

36

70

AHA = American Heart Association; g = gram; d = day; L = liter; and mL = milliliter.




