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SUPPLEMENTAL METHODS 

Search strategy 

Pubmed 

(((((((((((((((((((((whole grain) OR grain) OR wholegrain) OR whole meal) OR whole wheat) OR 

wheat) OR rice) OR maize) OR oat) OR barley) OR corn) OR rye) OR millet) OR sorghum) OR 

triticale) OR canary seed) OR amaranth) OR buckwheat) OR quinoa)) AND ((((((glucose) OR 

glycemic control) OR glycaemic control) glucose control) OR insulin) OR insulin sensitivity). 

(Humans [ptyp] AND Clinical Trial [ptyp]) 

Embase 

('whole grain' OR grain OR wholegrain OR 'whole meal' OR 'whole wheat' OR wheat OR rice OR 

maize OR oat OR barley OR corn OR rye OR millet OR sorghum OR triticale OR 'canary seed' OR 

amaranth OR buckwheat OR quinoa) AND (glucose OR 'glycemic control' OR 'glycaemic control' OR 

'glucose control' OR insulin OR 'insulin sensitivity') AND [humans]/lim AND [clinical study]/lim AND 

[embase]/lim 

Cochrane Library 

(whole grain OR grain OR wholegrain OR whole meal OR whole wheat OR wheat OR rice OR maize 

OR oat OR barley OR corn OR rye OR millet OR sorghum OR triticale OR canary seed OR amaranth 

OR buckwheat OR quinoa) AND (glucose OR glycemic control OR glycaemic control OR glucose 

control OR insulin OR insulin sensitivity) in All Text 

http://www.crd.york.ac.uk/PROSPERO%20as%20CRD42019131128
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SUPPLEMENTAL TABLE 1 

Baseline and outcome data used in the meta-analysis1 

Author, publication year, 

Country 
Group 

Fasting glucose  

(mmol/L) 

Fasting insulin 

(μIU/mL) 

HOMA-IR 

(units) 

HbA1c 

(%) 

2-h glucose 

(mmol/L) 

Ampatzoglou, 2014,  

UK[1] 

Mixed 
Baseline (5.50 ± 0.57), 

outcome (5.40 ± 0.57)  
Unavailable Unavailable Unavailable Unavailable 

Control 
Baseline (5.40 ±0.57), 

outcome (5.40 ± 0.57) 
Unavailable Unavailable Unavailable Unavailable 

Andersson, 2007, 

Sweden[2] 

Mixed 
Baseline (5.20 ± 0.80), 

outcome (5.30 ± 0.80)  

Baseline (8.09 ± 3.30), 

outcome (8.29 ± 3.50) 
Unavailable Unavailable Unavailable 

Control 
Baseline (5.20 ±0.90), 

outcome (5.20 ± 0.80) 

Baseline (8.70 ± 4.41), 

outcome (8.29 ± 3.70) 
Unavailable Unavailable Unavailable 

Charlton, 2012, 

Australia[3] 

Oat1 
Baseline (4.85 ± 0.46), 

outcome (4.81 ± 0.51) 

Baseline (8.92 ± 3.91), 

outcome (8.45 ± 7.43) 
Unavailable Unavailable Unavailable 

Oat2 
Baseline (4.96 ± 0.53), 

outcome (4.97 ± 0.61) 

Baseline (10.16 ± 8.29), 

outcome (8.31 ± 8.93) 
Unavailable Unavailable Unavailable 

Control 
Baseline (4.86 ± 0.38), 

outcome (4.84 ± 0.32)  

Baseline (9.10 ± 4.86), 

outcome (7.69 ± 4.46) 
Unavailable Unavailable Unavailable 

Connolly, 2016, 

UK[4] 

Oat 
Baseline (5.44 ± 0.55), 

outcome (5.33 ± 1.04)  

Baseline (8.42 ± 5.04), 

outcome (8.66 ± 6.19) 

Baseline (2.17 ± 1.48), 

outcome (2.21 ± 1.75) 
Unavailable Unavailable 

Control 
Baseline (5.71 ± 0.71), 

outcome (5.82 ± 0.60) 

Baseline (7.91 ± 5.53), 

outcome (10.23 ± 8.05) 

Baseline (1.99 ± 1.48), 

outcome (2.63 ± 2.14) 
Unavailable Unavailable 

Giacco, 2013, 

Finland/Italy[7] 

Mixed 
Baseline (5.89 ± 0.56), 

outcome (5.94 ± 0.56)  

Baseline (13.51 ± 7.60), 

outcome (14.90 ± 8.01)  
Unavailable Unavailable Unavailable 

Control 
Baseline (6.06 ±0.56), 

outcome (6.00 ± 0.61) 

Baseline (13.41 ±6.49), 

outcome (13.41 ± 6.80) 
Unavailable Unavailable Unavailable 
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Author, publication year, 

Country 
Group 

Fasting glucose  

(mmol/L) 

Fasting insulin 

(μIU/mL) 

HOMA-IR 

(units) 

HbA1c 

(%) 

2-h glucose 

(mmol/L) 

Giacco, 2014, 

Finland/Italy[6] 

Mixed 
Baseline (5.60 ± 0.60), 

outcome (5.70 ± 0.70)  

Baseline (15.00 ± 9.01), 

outcome (16.00 ± 8.01)  

Baseline (4.02 ± 2.61), 

outcome (3.99 ± 2.22)  
Unavailable Unavailable 

Control 
Baseline (5.80 ±0.50), 

outcome (5.80 ± 0.70) 

Baseline (14.00 ±6.00), 

outcome (14.00 ± 8.01) 

Baseline (3.50 ±1.61), 

outcome (3.24 ± 1.62) 
Unavailable Unavailable 

Giacco, 2009, 

Finland/Italy[5] 

Wheat 
Baseline (5.21 ± 0.49), 

outcome (5.02 ± 0.97)  

Baseline (unavailable), 

outcome (9.44 ± 3.66)  
Unavailable Unavailable Unavailable 

Control 
Baseline (5.21 ± 0.49), 

outcome (5.42 ± 0.52)  

Baseline (unavailable), 

outcome (9.14 ± 2.40) 
Unavailable Unavailable Unavailable 

Jackson, 2014, 

USA[8] 

Mixed 
Baseline (unavailable), 

outcome (-0.24 ± 0.29)  

Baseline (unavailable), 

outcome (-0.70 ± 3.36) 

Baseline (unavailable), 

outcome (-0.20 ± 0.96) 
Unavailable Unavailable 

Control 
Baseline (unavailable), 

outcome (-0.06 ± 0.31) 

Baseline (unavailable), 

outcome (-0.90 ± 3.50) 

Baseline (unavailable), 

outcome (-0.20 ± 1.00) 
Unavailable Unavailable 

Karl, 2017,  

USA[9] 

Mixed 
Baseline (5.06 ± 0.56), 

outcome (-0.18 ± 0.45)  

Baseline (8.50 ± 5.50), 

outcome (-0.80 ± 0.84)  

Baseline (2.40 ± 1.40), 

outcome (-0.20 ± 1.29)  
Unavailable Unavailable 

Control 
Baseline (5.06 ± 0.61), 

outcome (-0.06 ± 0.63) 

Baseline (9.50 ± 6.40), 

outcome (-0.60 ± 4.03) 

Baseline (2.30 ± 1.50), 

outcome (0.02 ± 1.29) 
Unavailable Unavailable 

Katcher, 2008,  

USA[10] 

Mixed 
Baseline (5.34 ± 0.42), 

outcome (-0.07 ± 0.26)  

Baseline (15.00± 7.60), 

outcome (-0.70 ± 4.70)  
Unavailable Unavailable 

Baseline (7.64 ± 2.09), 

outcome (-0.22 ± 1.81) 

Control 
Baseline (5.32 ±0.31), 

outcome (-0.08 ± 0.37) 

Baseline (13.80 ±6.50), 

outcome (-2.00 ± 5.90) 
Unavailable Unavailable 

Baseline (7.62 ± 2.12), 

outcome (-0.18 ± 1.70) 

Kazemzadeh, 2014-1, 

Iran[11] 

Brown rice 
Baseline (5.06 ± 1.02), 

outcome (4.95 ± 1.32)  
Unavailable Unavailable Unavailable Unavailable 

Control 
Baseline (5.12 ± 1.44), 

outcome (4.95 ± 1.52) 
Unavailable Unavailable Unavailable Unavailable 
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Author, publication year, 

Country 
Group 

Fasting glucose  

(mmol/L) 

Fasting insulin 

(μIU/mL) 

HOMA-IR 

(units) 

HbA1c 

(%) 

2-h glucose 

(mmol/L) 

Kazemzadeh, 2014-2, 

Iran[11] 

Brown rice 
Baseline (5.00 ± 1.54), 

outcome (5.00 ± 1.10)  
Unavailable Unavailable Unavailable Unavailable 

Control 
Baseline (5.06 ± 1.50), 

outcome (4.84 ± 1.41) 
Unavailable Unavailable Unavailable Unavailable 

Kikuchi, 2019, 

Japan[12] 

Wheat 
Baseline (4.89 ± 0.44), 

outcome (4.93 ± 0.42)  

Baseline (8.30 ± 9.50), 

outcome (6.70 ± 4.00)  
Unavailable Unavailable Unavailable 

Control 
Baseline (4.92 ± 0.67), 

outcome (4.92 ± 0.58) 

Baseline (8.10 ± 6.50), 

outcome (9.30 ± 13.50) 
Unavailable Unavailable Unavailable 

Kirwan, 2016, 

USA[13] 

Mixed 
Baseline (4.93 ± 1.02), 

outcome (-0.17 ± 0.68)  

Baseline (19.60 ± 10.50), 

outcome (-2.90 ± 7.03) 

Baseline (4.50 ± 3.00), 

outcome (-0.80 ± 1.76) 

Baseline (5.90 ± 0.50), 

outcome (-0.13 ± 0.37) 
Unavailable 

Control 
Baseline (4.96 ± 0.86), 

outcome (0.07 ± 0.56) 

Baseline (22.60 ± 14.90), 

outcome (-3.70 ± 13.78) 

Baseline (5.20 ± 4.00), 

outcome (-0.60 ± 3.08) 

Baseline (5.80 ± 0.50), 

outcome (-0.07 ± 0.20) 
Unavailable 

Kondo, 2016, 

Japan[14] 

Brown rice 
Baseline (6.79 ± 1.02), 

outcome (6.35 ± 0.86) 

Baseline (5.10 ± 5.36), 

outcome (5.04 ± 6.58) 

Baseline (1.92 ± 2.42), 

outcome (1.83 ± 3.02) 

Baseline (6.70 ± 0.60), 

outcome (6.50 ± 0.40) 
Unavailable 

Control 
Baseline (7.04 ± 1.30), 

outcome (6.98 ± 1.54)  

Baseline (5.50 ± 2.91), 

outcome (5.99 ± 4.05) 

Baseline (2.02 ± 1.24), 

outcome (2.09 ± 1.34) 

Baseline (6.80 ± 0.60), 

outcome (6.70 ± 0.60) 
Unavailable 

Kristensen, 2012, 

Denmark[15] 

Wheat 
Baseline (5.73 ± 0.55), 

outcome (5.70 ± 0.55) 

Baseline (7.62 ± 1.48), 

outcome (7.37 ± 1.85) 

Baseline (1.91 ± 0.92), 

outcome (1.80 ± 1.05) 

Baseline (5.63 ± 0.25), 

outcome (5.72 ± 0.18) 
Unavailable 

Control 
Baseline (5.63 ± 0.41), 

outcome (5.55 ± 0.41)  

Baseline (7.45 ± 1.52), 

outcome (7.20 ± 1.69) 

Baseline (2.01 ± 1.22), 

outcome (1.80 ± 0.99) 

Baseline (5.62 ± 0.17, 

outcome (5.71 ± 0.17) 
Unavailable 

Liatis, 2009,  

Greece[16] 

Wheat 
Baseline (8.81 ± 2.39), 

outcome (-0.72 ± 0.93)  

Baseline (18.56 ± 21.03), 

outcome (-3.23 ± 10.78)  

Baseline (6.36 ± 4.18), 

outcome (-2.08 ± 5.93) 

Baseline (7.29 ± 1.61), 

outcome (-0.28 ± 0.35)  
Unavailable 

Control 
Baseline (7.73 ± 2.63), 

outcome (-0.07 ± 1.41) 

Baseline (10.75 ± 5.10), 

outcome (-3.77 ± 7.45) 

Baseline (3.60 ± 1.85), 

outcome (1.33 ± 2.80) 

Baseline (6.91 ± 1.50), 

outcome (-0.13 ± 0.45) 
Unavailable 
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Author, publication year, 

Country 
Group 

Fasting glucose  

(mmol/L) 

Fasting insulin 

(μIU/mL) 

HOMA-IR 

(units) 

HbA1c 

(%) 

2-h glucose 

(mmol/L) 

Liu, 2018, 

China[17] 

Wheat 
Baseline (8.75 ± 2.31), 

outcome (8.30 ± 1.72)  

Baseline (13.32 ± 9.45), 

outcome (12.10 ± 6.47)  

Baseline (1.54 ± 0.59), 

outcome (1.43 ± 0.51) 

Baseline (7.13 ± 1.21), 

outcome (6.79 ± 1.41)  
Unavailable 

Control 
Baseline (8.85 ± 2.73), 

outcome (8.29 ± 2.53) 

Baseline (12.83 ± 12.86), 

outcome (11.71 ± 11.02) 

Baseline (1.36 ± 0.44), 

outcome (1.34 ± 0.55) 

Baseline (7.08 ± 1.40), 

outcome (6.90 ± 1.46) 
Unavailable 

Malik, 2019,  

USA[18] 

Brown rice 
Baseline (4.81 ± 0.63), 

outcome (0.00 ± 0.59)  

Baseline (12.90 ± 8.20), 

outcome (0.36 ± 8.13) 
Unavailable 

Baseline (5.60 ± 0.52), 

outcome (-0.04 ± 0.27) 
Unavailable 

Control 
Baseline (4.81 ± 0.63), 

outcome (0.04 ± 0.69) 

Baseline (12.90 ± 8.20), 

outcome (0.90 ± 9.37) 
Unavailable 

Baseline (5.60 ± 0.52), 

outcome (-0.01 ± 0.38) 
Unavailable 

Malin, 2019,  

USA[19] 

Mixed 
Baseline (5.22 ± 0.56), 

outcome (5.07 ± 0.42)  

Baseline (23.00 ± 9.73), 

outcome (15.90 ± 6.49) 
Unavailable Unavailable 

Baseline (8.71 ± 2.33), 

outcome (8.27 ± 2.27) 

Control 
Baseline (5.25 ± 0.52), 

outcome (5.14 ± 0.46) 

Baseline (21.60 ± 12.98), 

outcome (17.10 ± 9.73) 
Unavailable Unavailable 

Baseline (8.35 ± 2.12), 

outcome (8.48 ± 1.96) 

McIntosh, 2003, 

Australia[21] 

Rye 
Baseline (unavailable), 

outcome (5.60 ± 0.90)  

Baseline (unavailable), 

outcome (6.08 ± 3.65) 
Unavailable Unavailable Unavailable 

Wheat 
Baseline (unavailable), 

outcome (5.59 ± 0.69) 

Baseline (unavailable), 

outcome (6.65 ± 4.13) 
Unavailable Unavailable Unavailable 

Control 
Baseline (unavailable), 

outcome (5.64 ± 0.85) 

Baseline (unavailable), 

outcome (6.83 ± 4.29) 
Unavailable Unavailable Unavailable 

Pereira, 2002,  

USA[22] 

Mixed 
Baseline (5.30 ± 0.46), 

outcome (5.20 ± 0.27)  

Baseline (24.33 ± 8.07), 

outcome (20.30 ± 1.86) 
Unavailable Unavailable Unavailable 

Control 
Baseline (5.30 ±0.46), 

outcome (5.30 ± 0.27) 

Baseline (24.33 ± 8.07), 

outcome (24.46 ± 1.86) 
Unavailable Unavailable Unavailable 
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Author, publication year, 

Country 
Group 

Fasting glucose  

(mmol/L) 

Fasting insulin 

(μIU/mL) 

HOMA-IR 

(units) 

HbA1c 

(%) 

2-h glucose 

(mmol/L) 

Pick, 1998,  

Canada[23] 

Barley 
Baseline (unavailable), 

outcome (8.06 ± 0.83)  

Baseline (unavailable), 

outcome (14.25 ± 2.35) 
Unavailable 

Baseline (unavailable), 

outcome (7.32 ± 0.30)  
Unavailable 

Control 
Baseline (unavailable), 

outcome (7.67 ± 0.83) 

Baseline (unavailable), 

outcome (15.83 ± 2.35) 
Unavailable 

Baseline (unavailable), 

outcome (7.37 ± 0.30) 
Unavailable 

Pins, 2002, 

USA[24] 

Wheat 
Baseline (6.58 ± 1.53), 

outcome (5.90 ± 1.57)  
Unavailable Unavailable Unavailable Unavailable 

Control 
Baseline (6.51 ± 1.90), 

outcome (6.66 ± 2.01) 
Unavailable Unavailable Unavailable Unavailable 

Roager, 2017,  

Denmark[25] 

Mixed 
Baseline (5.70 ± 0.50), 

outcome (5.60 ± 0.60)  

Baseline (9.63 ± 4.16), 

outcome (9.75 ± 4.55) 

Baseline (2.90 ± 1.40), 

outcome (2.90 ± 1.50) 

Baseline (5.40 ± 0.30), 

outcome (5.40 ± 0.30) 
Unavailable 

Control 
Baseline (5.70 ± 0.60), 

outcome (5.60 ± 0.60)  

Baseline (10.67 ± 5.15), 

outcome (10.91 ± 5.44) 

Baseline (3.20 ± 1.70), 

outcome (3.20 ± 1.80) 

Baseline (5.40 ± 0.30), 

outcome (5.50 ± 0.30) 
Unavailable 

Schutte, 2018, 

Netherlands[26] 

Wheat 
Baseline (5.5 ± 0.7), 

outcome (0.1 ± 0.5)  

Baseline (13.4 ± 27.5), 

outcome (-2.0 ± 31.5) 

Baseline (2.1 ± 1.1), 

outcome (-0.5 ± 7.9) 
Unavailable Unavailable 

Control 
Baseline (5.4 ± 0.5), 

outcome (0.0 ± 0.2) 

Baseline (8.9 ± 7.8), 

outcome (-0.4 ± 5.0) 

Baseline (2.2 ± 2.0), 

outcome (0.1 ± 0.6) 
Unavailable Unavailable 

Shimabukuro,2013-1, 

Japan[27] 

Brown rice 
Baseline (6.20 ± 1.10), 

outcome (6.00 ± 1.00)  

Baseline (8.93 ± 5.04), 

outcome (8.50 ± 3.60)  

Baseline (2.89 ± 1.40), 

outcome (2.23 ± 0.95) 

Baseline (5.74 ± 0.55), 

outcome (5.72 ± 0.45) 
Unavailable 

Control 
Baseline (6.20 ± 1.10), 

outcome (6.00 ± 0.90)  

Baseline (8.93 ± 5.04), 

outcome (8.93 ± 3.74)  

Baseline (2.89 ± 1.40), 

outcome (2.51 ± 1.33) 

Baseline (5.74 ± 0.55), 

outcome (5.90 ± 1.55) 
Unavailable 

Shimabukuro,2013-2, 

Japan[27] 

Brown rice 
Baseline (6.00 ± 1.10), 

outcome (6.20 ± 2.30) 

Baseline (8.35 ± 3.17), 

outcome (11.09 ± 6.77) 

Baseline (2.79 ± 1.24), 

outcome (2.34 ± 1.75) 

Baseline (5.78 ± 0.81), 

outcome (6.19 ± 1.55) 
Unavailable 

Control 
Baseline (6.00 ± 1.10), 

outcome (6.70 ± 2.60)  

Baseline (8.35 ± 3.17)), 

outcome (11.81 ± 7.63)  

Baseline (2.79 ± 1.24), 

outcome (3.83 ± 8.10) 

Baseline (5.78 ± 0.81), 

outcome (5.83 ± 1.43) 
Unavailable 
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Author, publication year, 

Country 
Group 

Fasting glucose  

(mmol/L) 

Fasting insulin 

(μIU/mL) 

HOMA-IR 

(units) 

HbA1c 

(%) 

2-h glucose 

(mmol/L) 

Steven, 2017, 

USA[20] 

Mixed 
Baseline (5.22 ± 0.56), 

outcome (-0.09 ± 0.46)  

Baseline (19.2 ± 9.35), 

outcome (-3.5 ± 7.11) 
Unavailable Unavailable 

Baseline (8.45 ± 2.39), 

outcome (-0.12 ± 1.44) 

Control 
Baseline (5.25 ± 0.45), 

outcome (-0.08 ± 0.25) 

Baseline (20.9 ± 12.35), 

outcome (-3.5 ± 6.36) 
Unavailable Unavailable 

Baseline (8.45 ± 2.02), 

outcome (0.16 ± 0.73) 

Tighe, 2010-1,  

UK[28] 

Mixed 
Baseline (5.53 ± 0.50), 

outcome (5.49 ± 0.42)  
Unavailable 

Baseline (1.81 ± 1.59), 

outcome (1.73 ± 1.51) 
Unavailable Unavailable 

Control 
Baseline (5.63 ±0.71), 

outcome (5.70 ± 0.63) 
Unavailable 

Baseline (2.30 ± 2.30), 

outcome (2.29 ± 1.83) 
Unavailable Unavailable 

Tighe, 2010-2,  

UK[28] 

Wheat 
Baseline (5.47 ± 0.68), 

outcome (5.38 ± 0.68)  
Unavailable 

Baseline (2.18 ± 3.16), 

outcome (1.97 ± 2.39) 
Unavailable Unavailable 

Control 
Baseline (5.63 ±0.71), 

outcome (5.70 ± 0.63) 
Unavailable 

Baseline (2.30 ± 2.30), 

outcome (2.29 ± 1.83) 
Unavailable Unavailable 

Vitaglione, 2015, 

Slovenia[29] 

Wheat 
Baseline (5.22 ± 0.70), 

outcome (5.55 ± 0.73)  

Baseline (16.04 ± 11.84), 

outcome (15.58 ± 6.74) 
Unavailable Unavailable Unavailable 

Control 
Baseline (5.33 ±0.53), 

outcome (5.24 ± 0.57) 

Baseline (14.47 ± 5.78), 

outcome (13.85 ± 4.56) 
Unavailable Unavailable Unavailable 

Wang, 2013, 

USA[30] 

Brown rice 
Baseline (5.06 ± 0.44), 

outcome (5.17 ± 0.50)  

Baseline (6.30± 5.00), 

outcome (5.50 ± 5.00) 

Baseline (1.50 ± 1.20), 

outcome (1.30 ± 1.20) 

Baseline (5.90 ± 0.20), 

outcome (5.90 ± 0.20) 
Unavailable 

Control 
Baseline (5.06 ± 0.44), 

outcome (4.95 ± 0.39)  

Baseline (5.10 ± 4.00), 

outcome (5.20 ± 4.00) 

Baseline (1.10 ± 1.00), 

outcome (1.10 ± 0.80) 

Baseline (5.80 ± 0.20), 

outcome (5.80 ± 0.20) 
Unavailable 

Zhang, 2011,  

China[31] 

Brown rice 
Baseline (6.19 ± 1.36), 

outcome (0.01 ± 1.10)  

Baseline (unavailable), 

outcome (0.13 ± 2.85) 

Baseline (1.85 ± 1.19), 

outcome (0.03 ± 0.97) 

Baseline (5.85 ± 0.65), 

outcome (-0.07 ± 0.95) 
Unavailable 

Control 
Baseline (6.49 ± 1.49), 

outcome (-0.16 ± 1.49) 

Baseline (unavailable), 

outcome (0.19 ± 5.51) 

Baseline (1.68 ± 1.03), 

outcome (0.07 ± 1.92) 

Baseline (5.85 ± 0.82), 

outcome (0.20 ± 2.14) 
Unavailable 
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Author, publication year, 

Country 
Group 

Fasting glucose  

(mmol/L) 

Fasting insulin 

(μIU/mL) 

HOMA-IR 

(units) 

HbA1c 

(%) 

2-h glucose 

(mmol/L) 

Zhang, 2012,  

China[32] 

Oat 
Baseline (5.63 ± 0.89), 

outcome (5.34 ± 0.81)  
Unavailable Unavailable Unavailable Unavailable 

Control 
Baseline (5.47 ± 0.89), 

outcome (5.29 ± 0.81)  
Unavailable Unavailable Unavailable Unavailable 

1HOMA, Homeostasis Model Assessment; HbA1c, Hemoglobin A1c.  
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SUPPLEMENTAL TABLE 2 

Author, publication year 
Adequacy of random 

sequence generation 

Allocation 

concealmen 

Blinding of 

participants and 

personnel 

Blinding of outcome 

assessment 

Incomplete 

outcome data 

Selective 

reporting 
Other bias 

Ampatzoglou, 2014, UK[1] Unclear Unclear Unclear Unclear Low Low Low 

Andersson, 2007, Sweden[2] Unclear Low Unclear High Low Low Low 

Charlton, 2012, Australia [3] Unclear Unclear High Low Low Low Low 

Connolly, 2016, UK [4] Unclear Low Low Unclear Low Low Unclear 

Giacco, 2009, Finland/Italy[5] Unclear Unclear Unclear Unclear Low Unclear Low 

Giacco, 2013, Finland/Italy[6] Low Low Low Low Unclear Low Unclear 

Giacco, 2014, Finland/Italy[7] Low Low High Low Low Low Low  

Jackson, 2014, USA[8] Unclear High Low Low Low Low Unclear 

Karl, 2017, USA[9] Low Unclear Low Low Low Low Low 

Katcher, 2008, USA[10] Unclear Unclear Unclear High Low Low Low  

Kazemzadeh, Iran[11] Unclear Unclear Unclear Unclear Low Low Low 

Kikuchi,2019, Japan[12] Low Low Low Unclear Low Low Low 

Kirwan, 2016, USA[13] Unclear Unclear Low Unclear Low Low Low  

Kondo, 2016, Japan[14] Unclear Unclear Unclear Unclear Low Low Low 

Kristensen, 2012, Denmark[15] Unclear Unclear Low Unclear Low Low Low 

Liatis, 2009, Greece [16] Unclear Unclear Low Unclear Low Low Low 

Liu,2018, China[17] Low High Low Low Low Low Low 

Malik, 2019, USA[18] Unclear Unclear Unclear Unclear Low Low Low 

Malin, 2019, USA[19] Unclear Unclear Low Unclear Low Low Low 

McIntosh, 2003, Australia[21] Low Unclear Low Low Low Unclear Low 

Pereira, 2002, USA[22] Unclear Unclear Low Low Low Low Low 

Pick, 1998, Canada[23] Low Low Low Low Unclear Low Unclear 
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Author, publication year 
Adequacy of random 

sequence generation 

Allocation 

concealmen 

Blinding of 

participants and 

personnel 

Blinding of outcome 

assessment 

Incomplete 

outcome data 

Selective 

reporting 
Other bias 

Pins, 2002, USA[24] Low Low Low Unclear Low Low Low 

Roager, 2017, Denmark[25] Low Low High Low Low Low Low 

Schutte, 2018, Netherlands[26] Unclear Unclear Unclear Unclear Low Low Low 

Shimabukuro, 2013, Japan[27] Unclear Low Low Unclear Low Low Low 

Steven, 2017, USA[20] Unclear Low Low Low Low Low Low 

Tighe, 2010, UK[28] Unclear Unclear Low Low Low Low Low 

Vitaglione, 2015, Slovenia[29] Low Low Low Low Unclear Low Unclear 

Wang, 2013, China[30] Unclear Unclear Low Low Unclear Low Low 

Zhang, 2011, China[31] Unclear Low Low Low Low Low Low 

Zhang, 2012, China[32] Low Unclear Low Low Low Low Low 

1Judgements of review authors (Low, Unclear and High) for each risk of bias item according to the Cochrane Risk of Bias assessment tool. In this tool, studies were deemed 

to be at high, low or unclear risk of bias based on adequacy of random sequence generation, allocation concealment, blinding of personnel, blinding, incomplete outcome data, 

selective reporting, and other bias. 
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SUPPLEMENTAL TABLE 3  

Pooled effects of whole grain consumption on glucose control and insulin sensitivity 

Variables 

   Test of heterogeneity2  

No. of 

studies 

Sample size 

(treatment/control)1 

Net change 

(95% CI) P I2 (%) P3 

Fasting glucose (mmol/L) 32 1346/1257 -0.05 (-0.10, -0.01) 0.129 21.3 0.027 

Fasting insulin (mIU/mL) 27 1013/965 -0.12 (-0.52, 0.29) 0.907 0.0 0.578 

HOMA-IR (units) 16 673/640 -0.04 (-0.15, 0.08) 0.536 0.0 0.469 

HbA1c4 (%) 10 539/523 -0.02 (-0.08, 0.04) 0.870 35.8 0.112 

2-h glucose (mmol/L) 3 52/52 -0.18 (-0.78, 0.41) 0.550 0.0 0.935 
1 Numbers of subjects in the treatment and control groups. 
2 P for heterogeneity was assessed by using Cochran’s test, and P < 0.1 was considered to indicate 

significant heterogeneity across studies. The I2 statistic was calculated by using Cochran’s test, and an I2 > 

50% was considered to indicate significant heterogeneity across studies. 
3 P for meta-analysis: P < 0.05 was considered to indicate significant effect of whole grain on fasting 

glucose and insulin concentrations by using a fixed-effects or random-effects model. 
4 HbA1c, glycated hemoglobin. 
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SUPPLEMENTAL FIGURE 1 

Meta-analysis of the effects of whole grain on HOMA-IR. Weight was assigned with 

STATA (version 14.2; Stata Corp) by using the number of subjects and the SD. Sizes 

of the data markers indicate the weight of each study in this analysis. The diamond 

represents the overall estimated effect, and the result was obtained from a 

fixed-effects model. WMD, weighted mean difference. 
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SUPPLEMENTAL FIGURE 2 

Meta-analysis of the effects of whole grain on HbA1c. Weight was assigned with 

STATA (version 14.2; Stata Corp) by using the number of subjects and the SD. Sizes 

of the data markers indicate the weight of each study in this analysis. The diamond 

represents the overall estimated effect, and the result was obtained from a 

fixed-effects model. WMD, weighted mean difference. 
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SUPPLEMENTAL FIGURE 3 Funnel plots for the studies of the association of whole 

grain and fasting glucose concentrations. 
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SUPPLEMENTAL FIGURE 4 Funnel plots for the studies of the association of whole 

grain and fasting insulin concentrations. 
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SUPPLEMENTAL FIGURE 5 Funnel plots for the studies of the association of whole 

grain and HOMA-IR. 
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SUPPLEMENTAL FIGURE 6 Funnel plots for the studies of the association of whole 

grain and HbA1c. 

 

 


