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Full search strategy (11
th

 Match 2019): Ovid MEDLINE(R)  

 

 
Searches Results 

1 exp Meals/ 4537 

2 

("meal frequency" or "feeding frequency" or "eat* frequen*" or (frequen* adj3 feed*) 

or "meal pattern" or "feeding pattern" or "eating pattern" or "eating habit" or (skip* adj3 

meal) or (omit* adj3 meal) or (add* adj3 meal) or (often adj3 eat*) or (frequen* adj3 

eat*) or (number adj3 meals)).mp. 

7566 

3 1 or 2  11760 

4 Exp Body Weight Changes/ OR Body Mass Index/ OR Diet, Reducing/ OR Obesity/ 287635 

5 

("Weight loss" or "losing weight" or "weight change" or obes* or "energy intake" or 

"fat intake" or "fat loss" or "calori* intake" or diabet* or glucose* or insulin or 

"hypercholester*" or "metaboli* change*" or "metaboli* effect*" or "reduc* energy" or 

lipid* or cholester* or "body composition" or LDL or HDL).mp. 

1224251 

6 4 or 5 1282863 

7 3 and 6 5073 

8 adult/ or (adult or grown* or individual*).mp. 6093326  

9 7 and 8 2769 

11 randomized controlled trial.pt. 476630 

11 9 and 10 751 



Supplementary data 

2 
 

Supplemental Appendix 2: Full-text publications excluded with reason 

Online Supplementary Reference Reason for exclusion 

(1) Wrong study duration 

(2, 3) Wrong study design 

(4-7) Wrong intervention 

(8-15) Wrong comparator 

(16-20) Duplicate publication 
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Supplemental Figure 1: Risk of bias evaluation of the included RCTs. 

 

 

Supplemental Figure 2: Summary effect estimates of different meal frequencies on body 

weight (kg). 
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Supplemental Figure 3: Summary effect estimates of different meal frequencies on fat mass 

(kg). 

 

 

Supplemental Figure 4: Summary effect estimates of different meal frequencies on energy 

intake (kcal/d).  
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Supplemental Figure 5: Net heat plot for body weight.  

This plot is a heat map where the colors on the diagonal represent the inconsistency 

contribution of the corresponding design and the colors on the off-diagonal are associated 

with the change in inconsistency between direct and indirect evidence in a network estimate 

in the row after relaxing the consistency assumption for the effect of a design in the column. 

A blue colored element indicates that the evidence of the design in the column supports the 

evidence in the row; a red colored element indicates that the evidence of the design in the 

column contrasts to the evidence in the row. 
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Supplemental Figure 6: Net heat plot for fat mass.  
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Supplemental Figure 7: Net heat plot for energy intake.  
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Supplemental Figure 8: Sensitivity analysis showing the summary effect estimates of different 

meal frequencies on body weight (kg) in patients with obesity. 

 

 

Supplemental Figure 9: Sensitivity analysis showing the summary effect estimates of different 

meal frequencies on body weight (kg) in overweight participants. 
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Supplemental Figure 10: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on body weight (kg) in studies without provision of foods. 

 

Supplemental Figure 11: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on body weight (kg) in studies with provision of foods. 
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Supplemental Figure 12: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on body weight (kg) in studies were participants did not consume 

meals in the research center. 

 

Supplemental Figure 13: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on body weight (kg) in studies were participants consumed meals 

in the research center. 

 



Supplementary data 

13 
 

Supplemental Figure 14: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on body weight (kg) in studies with hypocaloric energy intake. 

Supplemental Figure 15: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on body weight (kg) in studies with eucaloric energy intake. 
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Supplemental Figure 16: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on body weight (kg) in studies with breakfast skipping. 

Supplemental Figure 17: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on body weight (kg) in studies without breakfast skipping. 

 

Supplemental Figure 18: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on waist circumference (cm) in studies with hypcaloric energy 

intake. 
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Supplemental Figure 19: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on waist circumference (cm) in studies with eucaloric energy 

intake. 

Supplemental Figure 20: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on fat mass (kg) in studies without provision of foods. 

 

Supplemental Figure 21: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on fat mass (kg) in studies with provision of foods. 
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Supplemental Figure 22: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on fat mass (kg) in studies with hypocaloric energy intake. 

Supplemental Figure 23: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on fat mass (kg) in studies with eucaloric energy intake. 

 

 

Supplemental Figure 24: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on fat mass (kg) in studies with breakfast skipping. 
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Supplemental Figure 25: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on fat mass (kg) in studies without breakfast skipping. 

 

Supplemental Figure 26: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on energy intake (kcal/d) in studies without provision of foods. 

 

Supplemental Figure 27: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on energy intake (kcal/d) in studies with provision of foods. 
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Supplemental Figure 28: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on energy intake (kcal/d) in studies with hypocaloric energy intake. 

 

Supplemental Figure 29: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on energy intake (kcal/d) in studies with eucaloric energy intake. 

 

Supplemental Figure 30: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on energy intake (kcal/d) in studies with breakfast skipping. 



Supplementary data 

19 
 

Supplemental Figure 31: Sensitivity analysis showing the summary effect estimates of 

different meal frequencies on energy intake (kcal/d) in studies without breakfast skipping.  
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Supplemental Figure 32: Funnel plot for body weight.  
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Supplemental Figure 33: Funnel plot for waist circumference. 
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Supplemental Figure 34: Funnel plot for fat mass. 
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Supplemental Figure 35: Funnel plot for energy intake.
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Supplemental Table 1: GRADE evaluation for waist circumference (cm) and all comparisons.*  

 Direct evidence Indirect evidence Network meta-analysis 

Comparison 

(meals/d) 

N studies  MD (95% CI) Certainty of 

evidence 

MD (95% CI) Certainty of 

evidence 

MD (95% CI) Certainty of evidence 

2 vs. 3 0 - -
 

-3.06 (-7.13, 1.02) ⨁⨁⨁◯ -3.06 (-7.13, 1.02) ⨁⨁◯◯ 1 

2 vs. 6 1 -3.77 (-4.68, -2.86) ⨁⨁⨁◯ 2  - - -3.77 (-4.68, -2.86) ⨁⨁⨁◯  

3 vs. 6 2 -0.71 (-4.68, 3.26) ⨁⨁⨁◯ 2 - - -0.71 (-4.68, 3.26) ⨁⨁◯◯ 1 

MD: mean difference; CI: confidence interval;  

Certainty of evidence grading: ⨁⨁⨁⨁ High; ⨁⨁⨁◯ Moderate; ⨁⨁◯◯ Low; ⨁◯◯◯ Very low. 

1
 downgraded due to imprecision (95% CI overlaps important benefit: -2 cm; or important harm: +2 cm), 

2 
downgraded due to risk of bias (at least 1 RCT with 

high risk of bias). 

*Direct estimates were evaluated with the following GRADE criteria: risk of bias, indirectness, inconsistency and publication bias. As suggested recently by the 

GRADE working group, consideration of imprecision is not necessary when rating the direct and indirect estimates to inform the rating of NMA estimates. 
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Supplemental Table 2: GRADE evaluation for fat mass (kg) and all comparisons.*  

 Direct evidence Indirect evidence Network meta-analysis 

Comparison 

(meals/d) 

N studies  MD (95% CI) Certainty of 

evidence 

MD (95% CI) Certainty of 

evidence 

MD (95% CI) Certainty of evidence 

1 vs. 2 0 - - -1.83 (-4.85, 1.19)        ⨁◯◯◯ 
6
 -1.83 (-4.85, 1.19)        ⨁◯◯◯ 

2
 

1 vs. 3 2 -1.87 (-3.76, 0.02)   ⨁⨁◯◯ 
1, 3 

3.83 (-20.78, 28.43) ⨁◯◯◯ 
6
 -1.84 (-3.72, 0.05) ⨁◯◯◯ 

2, 4, 5
 

1 vs. 4 0 - - -1.43 (-9.78, 6.91)        ⨁◯◯◯ 
6
 -1.43 (-9.78, 6.91)        ⨁◯◯◯ 

2 (↓↓) 

1 vs. 6 1 -0.20 (-2.76, 2.36) ⨁⨁⨁◯ 
3
 -0.99 (-4.97, 2.98)   ⨁◯◯◯ 

6
 -0.43(-2.59, 1.72) ⨁⨁◯◯ 

2, 4, 5 

1 vs. ≥8 0 - - 2.64 (-3.04, 8.31) ⨁◯◯◯ 
6
 2.64 (-3.04, 8.31) ⨁◯◯◯ 

2 (↓↓) 

2 vs. 3 0 - - -0.00 (-2.68, 2.67)        ⨁⨁◯◯ 
6
 -0.00 (-2.68, 2.67)        ⨁◯◯◯ 

2 

2 vs. 4 1 0.40 (-7.38, 8.18)   ⨁⨁⨁⨁ - - 0.40 (-7.38, 8.18)   ⨁⨁◯◯ 
2 (↓↓) 

2 vs. 6 1 1.40 (-0.71, 3.52)   ⨁⨁⨁◯ 
3
 - - 1.40 (-0.71, 3.52)   ⨁⨁◯◯ 

2 

2 vs. ≥8 0 - - 0.80 (-5.18, 6.79)        ⨁◯◯◯ 
6
 0.80 (-5.18, 6.79)        ⨁◯◯◯ 

2 (↓↓) 

3 vs. 4 0 - - 0.40 (-7.82, 8.63) ⨁◯◯◯ 
6
 0.40 (-7.82, 8.63) ⨁◯◯◯ 

2 

3 vs. 6 3 1.35 (-0.32, 3.03) ⨁⨁⨁◯ 
3
 2.30 (-4.77, 9.36) ⨁◯◯◯ 

6
 1.40 (-0.22, 3.03) ⨁⨁◯◯ 

2, 4 

3 vs. ≥8 1 0.80 (-4.55, 6.15) ⨁⨁⨁⨁ - - 0.80 (-4.55, 6.15) ⨁⨁◯◯ 
2 (↓↓) 

4 vs. 6 0 - - 1.00 (-7.06, 9.06)        ⨁◯◯◯ 
6
 1.00 (-7.06, 9.06)        ⨁◯◯◯ 

2 (↓↓)  

4 vs. ≥8 0 - - 1.20 (-8.61, 11.02)        ⨁◯◯◯ 
6
 1.20 (-8.61, 11.02)        ⨁◯◯◯ 

2 (↓↓) 

6 vs. ≥8 0 - - 2.20 (-3.39, 7.80) ⨁◯◯◯ 
6
 2.20 (-3.39, 7.80) ⨁◯◯◯ 

2 (↓↓) 

MD: mean difference; CI: confidence interval;  

Certainty of evidence grading: ⨁⨁⨁⨁ High; ⨁⨁⨁◯ Moderate; ⨁⨁◯◯ Low; ⨁◯◯◯ Very low. 

1
 downgraded due to inconsistency (I

2 
≥50%), 

2
 downgraded due to imprecision (95% CI overlaps important benefit: -1 kg; or important harm: +1 kg), 

3 

downgraded due to risk of bias (at least 1 RCTs with high risk of bias), 
4 
direct evidence contributing more to the NMA estimate (>50%), 

5
 not downgraded due to 

incoherence (dominant estimate similar to network estimate), 
6 
downgraded due to intransitivity (i.e. patients with obesity and healthy participants included). 

*Direct estimates were evaluated with the following GRADE criteria: risk of bias, indirectness, inconsistency and publication bias. As suggested recently by the 

GRADE working group, consideration of imprecision is not necessary when rating the direct and indirect estimates to inform the rating of NMA estimates. 
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Supplemental Table 3: GRADE evaluation for energy intake (kcal/d) and all comparisons.*  

 Direct evidence Indirect evidence Network meta-analysis 

Comparison N studies  MD (95% CI) Certainty of 

evidence 

MD (95% CI) Certainty of 

evidence 

MD (95% CI) Certainty of evidence 

1 vs. 2 0 - - -129 (-425, 166)          ⨁⨁◯◯ 
5
 -129 (-425, 166)          ⨁◯◯◯ 

4 

1 vs. 3 1 -65 (-314, 184)   ⨁⨁⨁◯ 
2
 - - -65 (-314, 184)   ⨁⨁◯◯ 4 

1 vs. 4 0 - - -58 (-523, 408)          ⨁⨁◯◯ 
5
 -58 (-523, 408)          ⨁◯◯◯ 

4 (↓↓) 

1 vs. 6 0 - - -147 (-418, 123)          ⨁⨁◯◯ 
5
 -147 (-418, 123)          ⨁◯◯◯ 

4 

1 vs. ≥8 0 - - -131 (-412, 150)          ⨁⨁◯◯ 
5
 -131 (-412, 150)          ⨁◯◯◯ 

4 

2 vs. 3 0 - - 64 (-95, 224)          ⨁⨁◯◯ 
5
 64 (-95, 224)          ⨁◯◯◯ 

4 

2 vs. 4 1 72 (-288, 431)    ⨁⨁⨁⨁ - - 72 (-288, 431)    ⨁⨁◯◯ 
4 (↓↓) 

2 vs. 6 1 -40 (-194, 114)    ⨁⨁⨁◯ 
2
 75 (-242, 393) ⨁⨁◯◯ 

5
 -18 (-156, 120)   ⨁⨁◯◯ 

1, 3, 4  

2 vs. ≥8 1 62 (-200, 324) ⨁⨁⨁⨁ -53 (-289, 183)   ⨁⨁⨁◯ 
5
 -2 (-177, 174)    ⨁⨁◯◯ 

1, 4  

3 vs. 4 0 - - 7 (-386, 400) ⨁⨁◯◯ 
5
 7 (-386, 400) ⨁◯◯◯ 

4 (↓↓) 

3 vs. 6 5 -71 (-181, 39) ⨁⨁⨁◯ 
2
 -186 (-521, 148)   ⨁⨁◯◯ 

5
 -82 (-187, 22)  ⨁⨁◯◯ 

3, 4 

3 vs. ≥8 3 -84 (-225, 57)    ⨁⨁⨁◯ 
2
 31 (-292, 354) ⨁⨁◯◯ 

5
 -66 (-195,63) ⨁⨁◯◯ 

1, 3, 4 

4 vs. 6 0 - - -89 (-475, 295)          ⨁⨁◯◯ 
5
 -89 (-475, 295)          ⨁◯◯◯ 

4 (↓↓) 

4 vs. ≥8 0 - - -73 (-473, 326)          ⨁⨁◯◯ 
5
 -73 (-473, 326)          ⨁◯◯◯ 

4 (↓↓) 

6 vs. ≥8 0 - - -16 (-138, 171)          ⨁⨁◯◯ 
5
 -16 (-138, 171)          ⨁◯◯◯ 

4 

MD: mean difference; CI: confidence interval; ⨁⨁⨁⨁ High; ⨁⨁⨁◯ Moderate; ⨁⨁◯◯ Low; ⨁◯◯◯ Very low. 

1
 not downgraded due to incoherence (dominant estimate similar to network estimate), 

2 
downgraded due to risk of bias (at least 1 RCTs with high risk of bias), 

3 

direct evidence contributing more to the NMA estimate (>50%), 
4
 downgraded due to imprecision (95% CI overlaps important benefit: -100 kcal/d; or important 

harm: 100 kcal/d), 
5 
downgraded due to intransitivity (i.e. obese and healthy included). 

*Direct estimates were evaluated with the following GRADE criteria: risk of bias, indirectness, inconsistency and publication bias. As suggested recently by the 

GRADE working group, consideration of imprecision (important benefit: -100 kcal/d; or important harm: +100 kcal/d) is not necessary when rating the direct and 

indirect estimates to inform the rating of NMA estimates. 

 


