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ABSTRACT
Introduction  This systematic review investigated the 
efficacy of a meal sequence, the carbohydrate-later meal 
pattern (CL), on type 2 diabetes mellitus (T2DM).
Research design and methods  We searched the 
Cochrane Central Register of Controlled Trials, MEDLINE, 
Embase, WHO International Clinical Trials Registry 
Platform, and ​ClinicalTrials.​gov until April 2020 to perform 
meta‐analyses using random-effects models. Primary 
outcomes were hemoglobin A1c (HbA1c) and quality of 
life. Secondary outcomes were plasma concentrations of 
glucose, insulin and incretin 120 min after a meal, and 
any adverse outcomes. The revised Cochrane risk-of-
bias tool and Grading of Recommendations, Assessment, 
Development, and Evaluation approach were used to 
assess the quality of individual studies and the body of 
evidence, respectively. The present study was registered in 
the UMIN Clinical Trials Registry.
Results  We included 230 participants in eight trials, 
including both trials that examined long-term changes 
(more than 2 months and less than 2 years) and short-
term changes (in 2-hour postprandial values). CL resulted 
in a slight to no difference in HbA1c (mean difference 
(MD), −0.21% in the intervention group; 95% CI −0.44% 
to+0.03%), plasma glucose (MD,+4.94 mg/dL; 95% CI 
−8.34 mg/dL to +18.22 mg/dL), plasma insulin (MD, 
−3.63 μIU/mL; 95% CI −11.88 μIU/mL to +4.61 μIU/mL), 
plasma GLP-1 (MD, +0.43 pmol/L; 95% CI −0.69 pmol/L to 
+1.56 pmol/L), and plasma GIP (MD, −2.02 pmol/L; 95% 
CI −12.34 pmol/L to +8.31 pmol/L). All of these outcomes 
were of low-certainty evidence or very low-certainty 
evidence. None of the trials evaluated quality of life or 
adverse events.
Conclusions  There was no evidence for the potential 
efficacy of recommending CL beyond standard dietary 
advice on T2DM.
Trial registration number  UMIN000039979.

INTRODUCTION
Postprandial hyperglycemia is an inde-
pendent risk factor for type 2 diabetes 
mellitus, and the control of postprandial 
glucose excursions has been suggested 
to reduce the progression of atheroscle-
rosis and cardiovascular events.1 2 The 
number of patients with diabetes world-
wide is expected to increase to 366 million 
by 2030,3 and those with type 2 diabetes 

always initially require lifestyle guidance, 
including diet and exercise. Current 
dietary strategies to attenuate postprandial 
glucose are based on total energy intake 
and consumption and the amount or type 
of carbohydrate consumed despite the 
difficulties associated with adhering to a 
healthy diet by some patients.4

Significance of this study

What is already known about this subject?
	► The number of patients with diabetes worldwide is 
expected to increase and those with type 2 diabetes 
always initially require lifestyle guidance, including 
diet and exercise.

	► Current dietary strategies to attenuate postprandial 
glucose are based on total energy intake and con-
sumption and the amount or type of carbohydrate 
consumed despite the difficulties associated with 
adhering to a healthy diet by some patients.

	► A meal sequence, the carbohydrate-later meal pat-
tern, was focused on as an easy and effective strat-
egy to reduce postprandial glucose excursions in 
previous trials.

What are the new findings?
	► We conducted a systematic review and meta-
analysis in order to confirm whether the meal se-
quence, the carbohydrate-later meal pattern, would 
affect outcomes of diabetes.

	► Carbohydrate-later meal patterns may result in a 
slight to no difference in hemoglobin A1c after 2 
months to 2 years. Similarly, carbohydrate-later 
meal patterns may result in a slight to no difference 
in plasma glucose, insulin, and incretin 120 min after 
meals.

	► There was no evidence for the potential efficacy of 
recommending carbohydrate-later meal patterns 
beyond standard dietary advice on type 2 diabetes.

How might these results change the focus of 
research or clinical practice?

	► These results suggest that the meal sequence will 
not be strongly prioritized in clinical practice.

	► Further large scale, well-designed randomized con-
trolled trials of the meal sequence are warranted.
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A meal sequence, the carbohydrate-later meal 
pattern, was focused on as an easy and effective strategy 
to reduce postprandial glucose excursions in previous 
trials.5 This pattern means the order of eating within 
a meal. In other words, before consuming starchy or 
high glycemic index (GI) foods, eat carbohydrate-
free or low GI foods first, such as proteins, fats, and 
vegetables. However, there have not yet been any 
systematic reviews that have examined the efficacy of 
this pattern, the meal sequence, to improve diabetes 
in randomized controlled trials (RCTs). Therefore, 
the meal sequence has never been presented in the 
diabetes guidelines as solid evidence.6–8

A systematic review of the effects of changing the 
order in which carbohydrates are consumed on 
improvements in diabetes is very important for estab-
lishing whether this strategy may be used in future 
clinical practice. Therefore, the purpose of the 
present study was to systematically review evidence 
in order to confirm whether the meal sequence, 
the carbohydrate-later meal pattern, would improve 
diabetes.

MATERIALS AND METHODS
This systematic review was conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement. Online supple-
mental table S1 shows the PRISMA 2009 checklist. 
Detailed methods are described in UMIN000039979 
in the UMIN Clinical Trials Registry (https://upload.​
umin.ac.jp/cgi-bin/ctr_e/ctr_view.cgi?recptno=​
R000045533).

Eligibility criteria for included studies
We included all RCTs that examined the efficacy of meal 
sequence in patients with type 2 diabetes or pre-diabetic 
conditions. The details were as follows.

We included all RCTs irrespective of the publica-
tion status, including individual and crossover RCTs. 
All other non-RCTs were excluded. Studies in any 
language from any country and any follow-up periods 
were accepted for screening. Men and women of 
all ages were included. Studies on healthy subjects, 
patients with type 1 diabetes, and patients after 
surgery (eg, postgastrectomy patients) were excluded. 
Carbohydrate-later meal patterns were used as inter-
vention criteria. Carbohydrates included rice, bread, 
and noodles; precarbohydrate meals included all 
sources of protein, fat, vitamins and minerals, and 
dietary fiber. If interventions other than the meal 
sequence were used, we only included cases in which 
the meal sequence alone was assessable (eg, typical 
diet instructions+meal sequence instructions vs typical 
diet instructions). The duration of the intervention 
was one or more meals, and the time of the meal was 
any time. However, supplements were excluded. The 
control group was defined as the carbohydrate-first 

meal pattern or a random meal sequence (no inter-
vention for the meal sequence) and included typical 
dietary instructions. As criteria for inclusion, energy 
intakes by the intervention and control groups were 
similar, and any RCTs that required only the interven-
tion group to eat something before the consumption 
of a carbohydrate were excluded.

Outcome measures
The following primary outcomes were measured:
1.	 Hemoglobin A1c (HbA1c) (national glycohemoglo-

bin standardization program (NGSP)) follow-up.9

2.	 Physical component summary score (short form (SF) 
36, SF12, and SF8).

3.	 Mental component summary score (SF36, SF12, and 
SF8).

Secondary outcomes were as follows:
1.	 Plasma glucose 120 min after a meal.
2.	 Plasma insulin 120 min after a meal.10

3.	 Plasma incretin (glucagon-like peptide-1 (GLP-1) and 
glucose-dependent insulinotropic polypeptide (GIP)) 
120 min after a meal.

4.	 All adverse events.
In accordance with current guidelines,6–8 the present 

study used HbA1c, which reflects long-term blood 
glucose levels, as the primary outcome and postprandial 
blood glucose levels as the secondary outcome.

Search methods for study identification
Electronic searches
To identify relevant trials, we searched the following elec-
tronic databases on 15 April 2020:
1.	 The Cochrane Central Register of Controlled Trials 

(CENTRAL).
2.	 MEDLINE via Ovid.
3.	 Embase via ProQuest.

See online supplemental method S1 for details on 
search strategies.

Searches of other resources
We also searched the following registries to iden-
tify completed but unpublished trials and investigate 
reporting bias.
1.	 WHO International Clinical Trials Platform Search 

Portal (ICTRP).
2.	 ​ClinicalTrials.​gov.

See online supplemental method S1 for details on 
search strategies.

The references of both extracted studies and inter-
national guidelines6 8 were also checked. We contacted 
authors if the extracted studies lacked the necessary 
information.

Data collection and analysis
Study selection
Two independent reviewers screened the titles and 
abstracts identified in the search. All of the extracts 
from the two reviewers were subjected to a full-text 
review. They then decided independently whether to 
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include the full text in the review. When it was an 
abstract-only study or when it was unclear whether it 
met the criteria for review, we contacted the original 
authors. Disagreements between the two reviewers 
were discussed and resolved among themselves. We 
discussed with a third reviewer where necessary. We 
followed a predefined protocol to screen abstracts 
and full texts and used predefined criteria in the 
registered protocol. One lead author (YO) checked 
all included studies and the exclusion criteria for all 
records subjected to the full-text screening proce-
dure. Therefore, the decision did not systematically 
differ.

Data extraction and management
Data extraction in the present study was performed 
independently by two reviewers. Disagreements 
between the two reviewers were discussed and 
resolved among themselves. We discussed with a third 
reviewer where necessary and contacted the original 
author. If data for extraction were not available in the 
original paper, we contacted the authors to obtain 
them. Regarding the data extraction form, we used a 
prechecked form with 10 randomly selected studies. 
Please refer to online supplemental method S1 for 
details on extracted information.

Assessment of the risk of bias of included studies
Two reviewers conducted the study independently using 
the Risk of Bias 2 tool. Disagreements between the two 
reviewers were discussed and resolved by themselves. We 
discussed with a third reviewer where necessary.11

Measures of the treatment effect
Regarding continuous outcomes (HbA1c, plasma 
glucose, plasma insulin, and plasma incretin), the mean 
difference (MD) with 95% CI was shown.

HbA1c measured in Japan Diabetes Society (JDS) 
units was converted to NGSP units using the following 
formula: NGSP (%)=1.02*JDS (%)+0.25.12 GLP-1 and 
GIP measured in pg/mL were converted to pmol/L 
using the following formulas: GLP-1 (pmol/L)=GLP-1 
(pg/mL) /3297.6×1000; GIP (pmol/L)=GIP (pg/
mL) /4983.5×1000.13

All MDs and 95% CIs used absolute changes not rela-
tive changes.

Dealing with analyses
To integrate the means and SD of continuous vari-
ables, we followed the methods of the Cochrane 
handbook.14 Units of randomization: regarding cross-
over tests, we asked the authors for the first half of 
the data, used only the first half if available or used 
reported values if not available, and reflected them in 
the Risk of Bias 2. Multiple identical outcome assess-
ments: the main outcome was HbA1c concentrations 
after the intervention, and if there were multiple 
endpoint measurements, the endpoint was 120 min 
later for the short-term intervention (assessment of 

one meal) and the longest follow-up period for the 
long-term intervention.

Dealing with missing values
Dropouts
Following the recommendations of The Cochrane Hand-
book,14 imputation was not performed. We conducted 
a meta-analysis of the data presented by the original 
authors.

Missing values
We contacted the original authors.

Missing statistics
If only SEs were reported, a SD was obtained from the SE 
of a mean by multiplying by the square root of the sample 
size: SD=SE * square root of N.14

Assessment of heterogeneity
We initially evaluated heterogeneity visually using a forest 
plot. We then calculated I2 values (I2 values of 0%–40%: 
may not be important; 30%–60%: may represent 
moderate heterogeneity; 50%–90%: may be substantial). 
The Cochrane χ2 test (Q-test) was performed for I2 values, 
and a p value <0.10 was considered to be significant.

Assessment of publication bias
We searched the Clinical Trials registry site (​ClinicalTrials.​
gov, ICTRP) for studies that were completed but not yet 
published. The funnel plot assessed publication bias for 
the primary outcome (online supplemental figure S1).

Data synthesis
We pooled data using a random-effects model. The 
DerSimonian and Laird method was used in the random-
effects meta-analysis.15 All analyses were conducted using 
Review Manager software (RevMan V.5.4.1; The Nordic 
Cochrane Centre, The Cochrane Collaboration, Copen-
hagen, Denmark).

Subgroup analysis and investigation of heterogeneity
We aimed to identify possible causes of heterogeneity. 
The following prespecified subgroup analyses of the 
primary outcomes were planned: (1) types of carbo-
hydrate (rice or other than rice); (2) types of foods 
containing a small amount of carbohydrates with low GI 
(vegetables or other than vegetables); (3) duration of 
the follow-up (long- or short-term); and (4) meal types 
(breakfast, lunch, or dinner).

Sensitivity analysis
The following prespecified sensitivity analyses of primary 
outcomes were planned:

(1) repeating the analysis using a fixed-effects model 
instead of random-effects model; and (2) excluding 
studies with ‘the analysis including imputed data’.

Summary of findings table
The main results of our review are presented in the 
summary of findings table, which includes an overall 
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grading of evidence related to each of the main outcomes 
using the Grading of Recommendations, Assessment, 
Development, and Evaluation (GRADE) approach,16 
based on the recommendations of the Cochrane 
Handbook.14

Registration and the differences between the protocol and review
We registered the protocol in UMIN000039979 in the 
UMIN Clinical Trials Registry (https://upload.umin.ac.​
jp/cgi-bin/ctr_e/ctr_view.cgi?recptno=R000045533).

The following is a list of items that were planned in 
the protocol but were ultimately not implemented 
(not possible to implement or did not need to be 
implemented).

	► Because the number of included trials was smaller 
than expected, we decided not to account for the 
duration of intervention as an inclusion criterion 
because of no strong justification, currently evalu-
ating both short-term postprandial effects and effects 
of advice for a habitual diet. For the same reason, we 
did not perform stratified analysis by gender and did 
not use funnel plots for inference of publication or 
small-study bias though we generated them (online 
supplemental figure S1).

RESULTS
Search results
After removing duplicates, we identified 3924 records 
during the search conducted in April 2020 (figure 1). We 
included 13 trials in the qualitative synthesis and detected 
one unpublished trial and four completed trials without 
clear data on outcomes. Ultimately, 230 participants in 
eight trials were included in the quantitative synthesis. 
These trials included both trials that examined long-term 
changes after 2 months or longer and trials that exam-
ined short-term changes in 2-hour postprandial values.

Table 1 and online supplemental table S2 summarize 
the published studies included in the qualitative synthesis.

Primary outcomes
HbA1c
Data from three trials comprising 147 participants that 
measured HbA1c were pooled in our meta-analysis 
(table  2, figures  2 and 3A). Carbohydrate-later meal 
patterns may result in a slight to no difference in HbA1c 
(MD, 0.21% lower in the intervention group; 95% CI 
0.44% lower to 0.03% higher; p=0.09; low-certainty 
evidence). No significant heterogeneity was indicated 

Figure 1  PRISMA flow diagram. CENTRAL, Cochrane Central Register of Controlled Trials; Embase, Excerpta Medica 
Database; ICTRP, International Clinical Trials Platform Search Portal; MEDLINE, Medical Literature Analysis and Retrieval 
System On-Line; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

https://upload.umin.ac.jp/cgi-bin/ctr_e/ctr_view.cgi?recptno=R000045533
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(tau2 <0.001; I2=0%) (table 2, figure 3A). As a subgroup 
analysis, we included rice only as the carbohydrate 
source; however, no change was observed in HbA1c 
with the intervention (online supplemental figure S2A). 
In the sensitivity analysis, although we also calculated a 
fixed effect model instead of a random effects model, 
the results were the same as those for the random effects 
model (online supplemental figure S2B). Similar results 
were obtained even when studies using imputed statistics 
were excluded (online supplemental figure S2C).

Quality of life
We searched for quality of life indicator outcomes, specifi-
cally the physical and mental component summary scores 
based on the 12-item medical outcomes study short form 
health survey (SF-12), SF-36, or SF-8 but were unable to 
find a single outcome.

Secondary outcomes
Plasma glucose
Data from six trials that measured plasma glucose 120 min 
after meals in 143 participants were pooled for the meta-
analysis (table 2, figure 3B, online supplemental figure 
S3). Carbohydrate-later meal patterns may result in a 
slight to no difference in plasma glucose (MD, 4.94 mg/
dL higher in the intervention group; 95% CI, 8.34 mg/
dL lower to 18.22 mg/dL higher; p=0.47; low-certainty 
evidence). No significant heterogeneity was indicated 
(tau2=1.35; I2=0%) (table 2, figure 3B). Subgroup analyses 
were conducted by lunch and dinner. We also performed 

stratified analyses by a short-term intervention (120 min 
after a meal) and the carbohydrate source of rice only or 
non-rice, but none of which showed significant changes 
in blood glucose levels due to the intervention (online 
supplemental figure S2D–H).

Plasma insulin
Data from five trials that measured plasma insulin after 
120 min of meals in 136 participants were pooled for the 
meta-analysis (table  2, figure  3C, online supplemental 
figure S4). All trials measured blood insulin levels in 
μIU/mL. Evidence for the effects of carbohydrate-later 
meal patterns on plasma insulin was uncertain (MD, 
3.63 μIU/mL lower in the intervention group; 95% CI 
11.88 μIU/mL lower to 4.61 μIU/mL higher; p=0.39; 
very low-certainty evidence). Significant heterogeneity 
was observed (tau2=38.90; I2=68%) (table 2, figure 3C). 
As a subgroup analysis, we only examined the short-term 
intervention (120 min after the meal) and rice only 
or non-rice as the carbohydrate source, none of which 
resulted in a significant insulin change with the interven-
tion (online supplemental figure S2I–K).

Plasma incretin
Data from three trials that measured plasma concentra-
tions of GLP-1 and GIP 120 min after meals in 120 partic-
ipants (table 2, figure 3D,E, online supplemental figure 
S5). Carbohydrate-later meal patterns may result in a 
slight to no difference in plasma GLP-1 (MD, 0.43 mg/
dL higher in the intervention group; 95% CI 0.69 mg/

Table 1  Summary of published studies including a qualitative synthesis

Source Country Men/women, n Age, years BMI, kg/m2 Diabetes history, years Follow-up period Analysis

Bae et al 
(2018)23

Korea 5/10 Mean 62.9 (SD 4.3) Mean 24.8 (SD 3.5) Mean 13.8 (SD 6.7) 180 min ITT

Imai et al 
(2010)24

Japan 7/8 Mean 61.7 (SD 11.6) Mean 24.7 (SD 4.3) Mean 5.3 (SD 8.8) 120 min ITT

Imai et al 
(2011)25

Japan 48/53 Mean 63.4 (SD 11.7) Mean 23.4 (SD 4.1) Mean 7.3 (SD 8.3) 2 years ITT

Imai et al 
(2012)*26

Japan –
(Total 17)

Mean 65.7 (SD 9.6) – – 72 hours (3 days) ITT

Imai et al 
(2013)27

Japan 6/13 Mean 65.5 (SD 9.4) Mean 22.5 (SD 3.1) Mean 16.4 (SD 10.2) 72 hours (3 days) ITT

Imai et al 
(2014)*28

Japan –
(Total 13)

Mean 69.1 (SD 6.7) – – ITT

Kuwata et al 
(2016)*22

Japan 9/3 Mean 59.7 (SD 9.7) Mean 25.3 (SD 4.1) Mean 3.6 (SD 5.5) 240 min ITT

Shukla et al 
(2017)29

USA 7/9 Mean 57.7 (SD 7.6) Mean 32.8 (SD 3.3) Mean 3.8 (SD 2.4) 180 min ITT

Shukla et al 
(2018)*30

USA 7/9 Mean 57.7 (SD 7.6) Mean 32.8 (SD 3.3) Mean 3.8 (SD 2.4) 180 min ITT

Shukla et al 
(2019)31

USA 4/11 Mean 52.4 (SD 3.4) Mean 34.2 (SD 1.1) NA 180 min ITT

Trico et al 
(2016)32

Italy 13/7 Mean 64.5 (SD 21.4) Mean 30.6 (SD 3.5) Less than 5 8 weeks PP

Yabe et al 
(2019)33

Japan –
(Total 29)

Mean 49.5 (SD 5.9) Mean 25.9 (SD 2.1) NA 22–26 weeks (6 
months)

PP

*Studies included in the qualitative synthesis.
BMI, body mass index; ITT, intention-to-treat; PP, per-protocol.

https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534
https://dx.doi.org/10.1136/bmjdrc-2021-002534


6 BMJ Open Diab Res Care 2022;10:e002534. doi:10.1136/bmjdrc-2021-002534

Clinical care/Education/Nutrition

dL lower to 1.56 mg/dL higher; p=0.45; low-certainty 
evidence). Carbohydrate-later meal patterns may result 
in a slight to no difference in plasma GIP (MD, 2.02 mg/
dL lower in the intervention group; 95% CI 12.34 mg/
dL lower to 8.31 mg/dL higher; p=0.70; low-certainty 
evidence). None of them indicated significant heteroge-
neities (tau2 <0.001; I2=0%) (table 2, figure 3D,E).

All adverse events
We searched for any adverse event outcomes through the 
intervention; however, none of the trials reported this 
outcome.

DISCUSSION
Regarding primary outcomes, carbohydrate-later meal 
patterns may result in a slight to no difference in HbA1c 
after 2 months to 2 years. Similarly, for secondary 
outcomes, carbohydrate-later meal patterns may result in 
a slight to no difference in plasma glucose, insulin, and 
incretin 120 min after meals.

Given the effect size of −0.21% in HbA1c (as an absolute 
value) over 2 months or longer, the meal sequence may 
not need to be positively taught in clinical practice. In 
the current diabetes guidelines, diet and exercise therapy 
are fundamental for the management of diabetes.6–8 A 
systematic review of obese patients with type 2 diabetes 
reported that a weight loss of 5% or more resulted in 
reduction of HbA1c by 0.91% after 1 year,17 and total 
energy intake and appropriate BMI were emphasized as 
the most important factors. Although there is no clear 
evidence on nutrient intake proportions, a RCT reported 
that a low-carbohydrate diet resulted in reduction of 
HbA1c by 0.6% after 6 months.18 Regarding lipids, a 
previous systematic review reported that a diet with 
increased monounsaturated fatty acids produced reduc-
tion of HbA1c by 0.21% after 6 months compared with a 
diet that decreased it.19 Furthermore, a systematic review 
on exercise therapy reported that exercise for more than 
12 weeks lowered HbA1c by 0.67%.20 The reduction of 
HbA1c by 0.21% due to the meal sequence in the present 

Table 2  Summary of findings

Outcomes
No. of participants
(studies) followed up

Certainty of the 
evidence
(GRADE)

Anticipated absolute effects

Risk with the carbohydrate-
first meal pattern or random 
meal sequence

Risk difference with the 
carbohydrate-later meal 
pattern§

HbA1c concentrations 
(NGSP)

147
(3 RCTs)

⊕⊕ □ □
Low*†

The mean HbA1c (%) ranged 
from 6.1% to 7.7%

MD 0.21% lower
(0.44 lower to 0.03 higher)

Physical component 
summary score (SF36, 
SF12, SF8)

NR

Mental component 
summary score (SF36, 
SF12, SF8)

NR

Plasma glucose 120 min 
after meals

143
(6 RCTs)

⊕⊕ □ □
Low*†

Mean plasma glucose (mg/dL) 
120 min after all meals ranging 
from 97.1 to 281.5 mg/dL

MD 4.94 mg/dL higher
(8.34 lower to 18.22 higher)

Plasma insulin 120 min after 
meals

136
(5 RCTs)

⊕⊕ □ □
Very low*†‡

Mean plasma insulin (μIU/mL) 
120 min after meals ranging 
from 6.6 to 94.5 μIU/mL

MD 3.63 μIU/mL lower
(11.88 lower to 4.61 higher)

Plasma GLP-1 120 min after 
meals

76
(3 RCTs)

⊕⊕ □ □
Low*†

Mean plasma GLP-1 (pmol/L) 
120 min after meals ranging 
from 3.2 to 22.3 pmol/L

MD 0.43 μIU/mL higher
(0.69 lower to 1.56 higher)

Plasma GIP 120 min after 
meals

44
(2 RCTs)

⊕⊕ □ □
Low*†

Mean plasma GLP-1 (pmol/L) 
120 min after meals ranging 
from 24.1 to 76.5 pmol/L

MD 2.02 μIU/mL lower
(12.34 lower to 8.31 higher)

All adverse events NR

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: we are moderately 
confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is markedly different. 
Low certainty: our confidence in the effect estimate is limited: the true effect may be markedly different from the estimate of the effect. Very low 
certainty: we have very little confidence in the effect estimate: the true effect is likely to be markedly different from the estimate of the effect.
*Downgraded due to the risk of bias.
†The sample size was small. The sample size did not meet the criteria of the optimal information size (OIS) (400). OIS was 400 if alpha D0:05, beta 
D0:2, delta D0:2.
‡The I2 statistic was higher than 60%, showing great heterogeneity and the direction of the effect was different.
§The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention 
(and its 95% CI).
GIP, glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; GRADE, Grading of Recommendations Assessment, 
Development and Evaluation; HbA1c, hemoglobin A1c; MD, mean difference; NGSP, national glycohemoglobin standardization program; NR, not 
reported; RCTs, randomized controlled trials; SF, short form.
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study was not as large as those by diet and exercise in 
these studies. In addition, a previous systematic review 
found that HbA1c lowering <0.3% had no effect, whereas 
HbA1c lowering ≥0.5% had a −13% (95% CI −20% to 
−5%) effect on major cardiovascular events.21 Therefore, 
a reduction of HbA1c by 0.21% is not considered to be a 
value with a certain effect and, thus, the meal sequence 
may not need to be intensively taught in clinical practice.

As a clinical implication, it may be better to prioritize 
conventional diet and exercise therapy. The clinical utility 
of the meal sequence remains unclear. In actual clinical 
practice, there are time and cost restrictions on dietary 
guidance. In the current dietary guidelines for diabetes 
care, dietitians and other healthcare providers initially 
prioritize the energy balance for patients with type 2 
diabetes, particularly obese patients.8 In other words, 
they provide guidance to reduce total energy intake 
and increase physical activity. They then recommend an 
exercise strategy based on aerobic exercise, resistance 
exercise, or a combination. If more time is available or 
in consideration of other diseases, such as dyslipidemia, 
hypertension, and renal disease, a change in nutrient 
intake proportions and food intake may also be advised. 
The results of the present study suggest that the efficacy 
of the meal sequence on diabetes do not outweigh the 

importance of a known total energy balance (including 
energy restrictions, appropriate BMI, and exercise regi-
mens), nutrient intake, and food content. Instructions by 
the meal sequence are not harmful. However, in consid-
eration of the time and costs associated with counseling 
patients with diabetes, it may be more beneficial to prior-
itize conventional diet and exercise.

Since the results of the present study had a low 
certainty of evidence, they need to be interpreted with 
caution. Due to the very small number of RCTs on the 
meal sequence, the present results showed a low certainty 
of evidence. Although many RCTs have examined the 
efficacy of consuming some foods or nutrients (including 
supplements) before meals, they were excluded from 
this systematic review because of differences in total 
energy intake between the intervention and control 
groups, which made rigorous comparisons difficult. 
In order to increase the reliability of results, it is of the 
greatest importance to initially increase the sample size 
of trials examining the efficacy of the meal sequence on 
type 2 diabetes. Studies using the continuous glucose 
monitoring may be mandatory to decipher whether or 
not meal sequencing could be useful.22 It may also be 
possible to conduct higher quality RCTs in the future by 
rigorous randomization, the blinding of researchers, and 

Figure 2  (A) Risk of bias graph for HbA1c. (B) Risk of bias summary for HbA1c. (A) Review of author judgements on the risk 
for each bias item presented as percentages across trials. (B) Review of author judgements on the risk for each bias item in the 
trials. HbA1c, hemoglobin A1c.
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the publication of protocols. Since the present results 
were based on patients with type 2 diabetes only, the 
generalizability of the results obtained to include healthy 
subjects and patients with type 1 diabetes is not possible. 
Similarly, since five out of the eight RCTs included in 
the present study were conducted on Asians, it remains 
unclear whether the same results may be obtained from a 
Western population, and this aspect also made it difficult 
to generalize the present results.

The limitations of the present study were as follows. First, 
we planned to include quality of life as a primary outcome 
because a balanced evaluation of interventions requires 
an analysis of both benefits and adverse effects; however, 
they were not reported by any of the RCTs included. 
Unlike trials in which medication was the intervention, 
trials in which dietary guidance was the intervention were 

more likely to lack these aspects. In long-term RCTs, a 
decrease in quality of life (eg, decreased social relation-
ships and depressive tendencies) due to the inability to 
freely take in meals is expected. Therefore, quality of 
life needs to be evaluated in the design of future RCTs. 
Second, it is possible that underestimation of HbA1c may 
have occurred due to the inevitable decrease in compli-
ance when looking at long-term effects. In addition, 
the decrease in compliance due to long-term interven-
tion may have also contributed to the lower certainty of 
evidence. We could not identify any feeding trials that 
provided meals to improve compliance. The present study 
evaluated trials that tested an intervention of providing 
dietary advice. However, since no meaningful change was 
observed in plasma glucose at 2 hours in the short term, 
the order of meals may result in a slight to no difference 

Figure 3  Forest plot of comparisons. GIP, glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; 
HbA1c, hemoglobin A1c; IV, inverse variance; NGSP, national glycohemoglobin standardization program.
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in diabetes improvement as a whole. Third, there were 
very few RCTs examining the efficacy of meal sequence 
on HbA1c, and the wide range of intervention periods in 
the included articles made interpretation difficult. More 
importantly, the small number of RCTs produced results 
that were low certainty for both primary and secondary 
outcomes. We estimated ‘average’ effects from those 
limited number of trials. Therefore, some patients with 
diabetes may possibly gain benefit by carbohydrate-later 
meal patterns but many others may not. This study has 
not been able to clarify such a possibility distinct from 
no effect. Fourth, there were trials whose design was a 
cross-over RCT and for which data from only the first 
half or the corresponding t-test results and correlation 
coefficients needed for the calculations were not avail-
able. Incorporating data from the latter part of the study 
may be affected by carryover effects from the first half. 
However, we expected this carryover effects to lead to an 
underestimation of the results.

The strength of the present study was its carefully and 
rigorously designed screening, extraction, and scoring 
process based on the Cochrane Handbook.14 The present 
study is of importance because it is the first systematic 
review to examine the efficacy of the meal sequence on 
type 2 diabetes.

In conclusion, there was no evidence for the poten-
tial efficacy of recommending carbohydrate-later meal 
patterns beyond standard dietary advice on type 2 
diabetes. These results suggest that the meal sequence 
will not be strongly prioritized in clinical practice. Further 
large-scale well-designed RCTs are warranted.
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