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Abstract 

Aims: To assess continuous glucose monitoring (CGM) derived intra-day glucose profiles 

using global guideline for type 2 diabetes recommended by the International Diabetes 

Federation (IDF). 

Methods: The Cochrane Library, MEDLINE, PubMed, CINAHL and Science Direct were 

searched to identify observational studies reporting intra-day glucose profiles using CGM in 

people with type 2 diabetes on any anti-diabetes agents. Overall and subgroup analyses were 

conducted to summarise mean differences between reported glucose profiles (fasting glucose, 

pre-meal glucose, postprandial glucose and post-meal glucose spike/excursion) and the IDF 

targets.   

Results: Twelve observational studies totalling 731 people were included. Pooled fasting 

glucose (0.81 mmol/L, 95% CI, 0.53–1.09 mmol/L), postprandial glucose after breakfast 

(1.63 mmol/L, 95% CI, 0.79–2.48 mmol/L) and post-breakfast glucose spike (1.05 mmol/L, 

95% CI, 0.13–1.96 mmol/L) were significantly higher than the IDF targets. Pre-lunch 

glucose, pre-dinner glucose and postprandial glucose after lunch and dinner were above the 

IDF targets but not significantly. Subgroup analysis showed significantly higher fasting 

glucose and postprandial glucose after breakfast in all groups: HbA1c <7% and ≥7% (53 

mmol/mol) and duration of diabetes <10 years and ≥10 years. 

Conclusions: Independent of HbA1c, fasting glucose and postprandial glucose after breakfast 

are not well-controlled in type 2 diabetes.  

Word count: 200/200 

Keywords: Continuous glucose monitoring, Glucose, Glucose profiles, Type 2 diabetes 



  

3 

 

1. Introduction 

One of the main therapeutic goals of type 2 diabetes management is to achieve and maintain 

glucose within target range and to prevent diabetes related complications [1]. The clinical 

gold standard for assessing glycaemic control is currently HbA1c [2]. A target HbA1c 

(glycated haemoglobin) of <7% (53 mmol/mol) is recommended for people with type 2 

diabetes to reduce the risk of developing complications [1]. However, HbA1c provides only 

an average assessment of glycaemic control [3], and intra-day glucose profiles: fasting 

glucose, pre-meal glucose and postprandial glucose; need to be well-controlled as these 

glucose profiles impact on HbA1c [4]. Recently the introduction of continuous glucose 

monitoring (CGM) technology enables detailed and accurate assessment of glucose profiles 

throughout the day [5]. The International Diabetes Federation (IDF) have produced evidence-

based global guideline for type 2 diabetes which recommend targets of fasting or pre-meal 

glucose ≤6.5 mmol/L and postprandial glucose ≤9 mmol/L respectively to achieve 

recommended HbA1c <7% (53 mmol/mol) [1]. The aim of this meta-analysis is to pool 

evidence from observational studies using CGM to ascertain if glucose profiles are well-

controlled within the IDF range throughout the day in type 2 diabetes. 

2. Material and methods 

2.1. Protocol and registration 

A protocol for this review and meta-analysis was developed and is available from 

PROSPERO (PROSPERO 2016: CRD42016049207). 

2.2. Search strategy 

The Cochrane Library, MEDLINE, PubMed, CINAHL and Science Direct databases were 

searched for literature published in English until March 2018. The following three main 

search terms and their synonyms were used: (I) type 2 diabetes and its synonyms (e.g. non-
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insulin dependent diabetes mellitus and adult onset diabetes); (II) continuous glucose 

monitoring (CGM) and its synonyms (e.g. CGM and real-time CGM) and (III) glucose and its 

synonyms (e.g. glycaemic variability and postprandial glucose). 

2.3. Selection of studies and eligibility criteria 

In this systematic review and meta-analysis, studies investigating fasting glucose, pre-meal 

glucose and postprandial glucose using CGM in people with type 2 diabetes until March 2018 

were included. The study designs eligible for this review were different types of 

observational studies (e.g. cross-sectional study, case control study and prospective study) 

which included people with type 2 diabetes aged over 18 years. No restrictions were placed 

on types of CGM and whether participants took anti-diabetes agents or on the type of anti-

diabetes agents. Experimental studies (drug and exercise interventions), qualitative studies 

and any studies in people with type 1 diabetes, people with latent autoimmune diabetes in 

adults, people with gestational diabetes, pregnant people and critically ill people were 

excluded.  

Two reviewers (ACP and SFMC) carried out three phases to select studies. These two 

reviewers reviewed articles independently, but they discussed and decided together in case of 

doubt. In phase one, the titles of articles were screened, and the relevant articles were selected 

for phase two. In phase two abstracts were reviewed, and in phase three the full texts of the 

remaining articles were reviewed.  

2.4. Data extraction 

The information was extracted from the eligible articles on: (1) general information 

(including main author and the year of publication), (2) characteristics of studies (including 

study design and duration), (3) characteristics of sample (including age, sample size, 

medications and duration of type 2 diabetes) and (4) outcome measures (including fasting 
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glucose, pre-meal glucose, postprandial glucose and HbA1c). Two reviewers (ACP and 

SFMC) performed data extraction independently, and any discrepancies were resolved by 

discussion with the input of a third reviewer (AFK) where needed.  

2.5. Data synthesis and analysis 

For primary outcome measures, mean differences between CGM measured fasting glucose, 

pre-meal glucose and postprandial glucose and the IDF targets (Fasting glucose ≤6.5 mmol/L, 

Pre-meal glucose ≤6.5 mmol/L, Postprandial glucose ≤9 mmol/L) were meta-analysed using 

the inverse variance method. To evaluate postprandial glucose excursion, post-breakfast 

glucose spike, post-lunch glucose spike and post-dinner glucose spike were calculated by 

subtracting pre-meal glucose from post-meal glucose. Difference between the IDF targets for 

pre-meal glucose (6.5 mmol/L) and postprandial glucose (9 mmol/L) was defined as target 

post-meal glucose spike (≤2.5 mmol/L). Mean differences between post-breakfast glucose 

spike, post-lunch glucose spike and post-dinner glucose spike and the IDF target (≤2.5 

mmol/L) were also meta-analysed. The standard errors used in meta-analysis were calculated 

from standard deviations [6–14] and interquartile ranges [4] for each study [15–17]. The 

standard errors for the IDF target values were substituted with zero [18]. The I
2
 statistic was 

used to assess the heterogeneity between studies [19], and the random effects model was used 

for moderate to high heterogeneity [20,21]. To ascertain if glucose profiles are well-

controlled in people with below and above target HbA1c, we stratified the results for the 

following subgroups: HbA1c <7% (53 mmol/mol) and HbA1c ≥7% (53 mmol/mol). Finally, 

because diabetes duration can influence intra-day glucose profiles, we also stratified results 

for duration of diabetes <10 years and duration of diabetes ≥10 years. Statistical analyses 

were performed using the Cochrane Review Manager 5.3. The mean difference and 95% 

confidence interval (CI) are reported in meta-analysis, and P-value ≤0.05 was considered 

statistically significant. By assuming a Gaussian distribution between subjects, the 
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percentages of people with poor fasting glucose (>6.5 mmol/L), pre-meal glucose (>6.5 

mmol/L), postprandial glucose (>9 mmol/L) and HbA1c (≥7% or 53 mmol/mol) were also 

estimated.  

2.6. Quality assessment 

The quality of all studies was assessed using the QUALSYST checklist from “Standard 

Quality Assessment Criteria for Evaluating Primary Research Papers from a Variety of 

Fields” (Alberta Heritage Foundation for Medical Research) [22]. To interpret the quality of 

studies, an arbitrary quality score was set at 70% of the possible total score of 100%, and the 

study with score ≥70% was graded as high-quality. Two reviewers (ACP and SFMC) 

conducted the quality assessment of articles independently with discrepancies resolved 

through discussion.   

3. Results 

3.1. Literature search and study selection 

The primary searches identified 2745 articles via the Cochrane Library, MEDLINE, PubMed, 

CINAHL and Science Direct databases. After duplicates were removed, 1624 articles 

remained at the title and abstract review phases. After titles and abstracts were reviewed, 

1540 articles were excluded for the following reasons: irrelevant (n = 1353), type 1 or other 

diabetes (n = 95), pregnant people (n = 10), critically ill people (n = 45), qualitative study (n 

= 1), experimental studies (n = 26) and age under 18 years (n = 10). Full-text of 84 articles 

were reviewed using predefined inclusion and exclusion criteria, and 12 articles meeting the 

inclusion criteria were included in this systematic review and meta-analysis (Fig. 1).  

3.2. Study characteristics 

Twelve observational (eight cross-sectional, two longitudinal, one prospective and one 

retrospective) studies investigating fasting glucose, pre-meal glucose and postprandial 
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glucose by CGM were included. Participants with known type 2 diabetes for 1.7 years [4], 

4.6 years [11], 6.9 years [9], 7.3 years [12], 8.1 years [15], 11 years [7], 12.9 years [6] and 

14.7 years [10] were respectively used in eight studies. One study included newly diagnosed 

type 2 diabetes [8], and three studies did not report the sample’s duration of diabetes 

[13,14,16]. Characteristics and main findings of the studies are reported in Table 1.   

Five studies were performed in Europe (1 in Germany, 1 in the UK, 1 in the Netherlands, 1 in 

the UK and France and 1 in Denmark). Four studies were conducted in Asia (3 in Japan and 1 

in Taiwan), and one was from Australia and the remaining two were from Iran. The sample 

size and study duration ranged from n = 11 [15] to n = 248
 
[16] and 1 day [4,6] to 12 days 

[7], respectively. Total 731 people from twelve observational studies were included in this 

meta-analysis, and fasting glucose, pre-breakfast glucose, pre-dinner glucose, postprandial 

glucose after breakfast, postprandial glucose after lunch, postprandial glucose after dinner 

and HbA1c data were respectively obtained from 619, 410, 410, 645, 476, 476 and 731 

people. Participants were taking different anti-diabetes agents (metformin, sulphonylurea, 

thiazolidinedione, α-glucosidase inhibitor, dipeptidyl peptidase-4 inhibitor, glucagon-like 

peptide-1 receptor agonist, sodium-glucose cotransporter 2 inhibitor, glinides and insulin) [6–

13,15,16]. Participants with diet management were included in four studies [4,12,14,16].  

The study objectives stated were to evaluate glucose profiles [4–10,13,15,16] and 

associations of HbA1c with glucose profiles [11,12,14]. Fasting glucose (pre-breakfast 

glucose) in ten studies [4,7–11,13–16] and pre-lunch and pre-dinner glucose in four studies 

[4,8,11,16] were reported. Nine studies reported postprandial glucose after breakfast [4,6–

10,12,13,16], and seven studies reported postprandial glucose after lunch and dinner [4,6–

9,13,16]. Participants were asked to record time of meals in nine studies [7–13,15,16] and 

were instructed to consume meals at standardised time in two studies [4,6]. The glucose 

values before corresponding meals were regarded as fasting glucose (pre-breakfast glucose), 
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pre-lunch glucose and pre-dinner glucose [4,7–11,13–16]. Postprandial glucose was defined 

as average 2 h glucose [6,7,9,13] and peak glucose after meal [4,8,10,12,16]. All studies 

measured and reported HbA1c using laboratory analyses.  

3.3. Quality of studies  

The majority of studies had high quality scores, ranging from 70% [9] to 94% [8,12]. All 

studies sufficiently expressed study designs and methods, but with no clear information of 

participants’ medications in one study [6]. 

3.4. Accuracy of CGM used in studies 

Accuracy of CGM was determined by mean absolute relative difference (MARD). Medtronic 

CGMS system Gold (2
nd

 generation) or Medtronic MiniMed CGM in nine studies 

[4,6,7,9,11–14,16], Medtronic iPro2 CGM in three studies [8,10,11] and GlucoDay S CGM 

in one study [15] were used, and their MARD values were 11%-20.6%, 9.9% and 15%, 

respectively [13,23–27]. 

3.5. Overall analyses of glucose profiles 

Poor fasting glucose, pre-lunch glucose, pre-dinner glucose, postprandial glucose after 

breakfast, postprandial glucose after lunch, postprandial glucose after dinner and HbA1c 

control were observed in 100%, 92.7%, 32.2%, 96.7%, 72.3%, 72.3% and 67.0% of people, 

respectively. Fig. 2A-C show the meta-analysis forest plots of mean differences in fasting 

glucose, pre-lunch glucose and pre-dinner glucose compared with the IDF target. Fasting 

glucose was significantly higher than the IDF target (0.81 mmol/L, 95% CI, 0.53–1.09 

mmol/L, P < 0.00001). But, there were no significant differences between pre-lunch glucose 

(0.21 mmol/L, 95% CI, -0.06–0.49 mmol/L, P = 0.12) and pre-dinner glucose (0.24 mmol/L, 

95% CI, -0.40 to 0.87 mmol/L, P = 0.47) and the IDF target.  
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Mean differences between postprandial glucose after meals and post-meal glucose spikes and 

the IDF targets are described in Fig. 3A-F. Compared with the IDF target, postprandial 

glucose after breakfast was significantly higher (1.63 mmol/L, 95% CI, 0.79–2.48 mmol/L, P 

= 0.0002). However, postprandial glucose after lunch (0.38 mmol/L, 95% CI, -0.33–1.08 

mmol/L, P = 0.29) and dinner (0.45 mmol/L, 95% CI, -0.37–1.26 mmol/L, P = 0.28) were not 

significantly different from the IDF target. Post-breakfast glucose spike (1.05 mmol/L, 95% 

CI, 0.13–1.96 mmol/L, P = 0.02) was significantly higher than the IDF target but not post-

lunch glucose spike (0.35 mmol/L, 95% CI, -0.62–1.32 mmol/L, P = 0.48) and post-dinner 

glucose spike (0.80 mmol/L, 95% CI, -0.29–1.88 mmol/L, P = 0.15). 

3.6. Subgroup analyses of glucose profiles 

Subgroup analyses of glucose profiles show that fasting glucose was significantly higher than 

the IDF target in both HbA1c <7% (53 mmol/mol) (0.68 mmol/L, 95% CI, 0.39–0.97 

mmol/L, P < 0.00001) and HbA1c ≥7% groups (53 mmol/mol) (0.94 mmol/L, 95% CI, 0.37–

1.50 mmol/L, P = 0.001) (Table 2). Moreover, significantly high postprandial glucose after 

breakfast was observed in both HbA1c <7% (53 mmol/mol) (0.67 mmol/L, 95% CI, 0.13–

1.20 mmol/L, P = 0.01) and HbA1c ≥7% groups (53 mmol/mol) (2.79 mmol/L, 95% CI, 

1.88–3.70 mmol/L, P < 0.00001). Post-breakfast glucose spike was significantly higher than 

the IDF target in HbA1c ≥7% group (2.29 mmol/L, 95% CI, 1.40–3.18 mmol/L, P < 

0.00001), but there were no significant differences between the remaining glucose profiles 

and the IDF targets in both groups.  

Both groups with duration of diabetes <10 years (1.06 mmol/L, 95% CI, 0.39–1.72 mmol/L, 

P = 0.002) (1.37 mmol/L, 95% CI, 0.50–2.23 mmol/L, P = 0.002) and duration of diabetes 

≥10 years (0.80 mmol/L, 95% CI, 0.45–1.15 mmol/L, P < 0.00001) (2.22 mmol/L, 95% CI, 

0.41–4.03 mmol/L, P = 0.02) had significantly higher fasting glucose and postprandial 

glucose after breakfast compared with the IDF targets (Table 2). There was significantly high 
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post-breakfast glucose spike in group with duration of diabetes <10 years (1.26 mmol/L, 95% 

CI, 0.15–2.38 mmol/L, P = 0.03) but not in group with duration of diabetes ≥10 years (1.04 

mmol/L, 95% CI, -2.68–4.77 mmol/L, P = 0.58) compared with the IDF target. Both post-

lunch glucose spike and post-dinner glucose spike in group with duration of diabetes <10 

years were not significantly different from the IDF target. Differences between pre-lunch 

glucose, pre-dinner glucose, postprandial glucose after lunch and postprandial glucose after 

dinner and the IDF targets were not significant in both groups.  

4. Discussion 

CGM technology enables continuous accurate monitoring of intra-day glucose profiles. To 

our knowledge, this is the first systematic review and meta-analysis that synthesise new 

knowledge about intra-day glucose profiles acquired by this technology and assessed using 

the IDF targets. We found that people with type 2 diabetes do not achieve the IDF targets for 

fasting glucose, postprandial glucose after breakfast and post-breakfast glucose spike with 

diet management and anti-diabetes agents. Pre-lunch glucose, pre-dinner glucose, 

postprandial glucose after lunch, postprandial glucose after dinner, post-lunch glucose spike 

and post-dinner glucose spike are marginally higher than the IDF targets but not statistically 

significant.  

Subgroup analyses revealed that this poor control of fasting glucose and postprandial glucose 

after breakfast was independent of HbA1c and duration of diabetes, because even people with 

HbA1c <7% (53 mmol/mol) and duration of diabetes <10 years experienced poor glucose 

control before and after breakfast. It appears that postprandial glucose after breakfast was 

higher in people with HbA1c ≥7% (53 mmol/mol) and duration of diabetes ≥10 years than 

those with HbA1c <7% (53 mmol/mol) and duration of diabetes <10 years, and this is in 

agreement with previous epidemiological evidence [4,28]. Postprandial glucose after lunch, 
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postprandial glucose after dinner and post-breakfast glucose spike seems to achieve the IDF 

targets in people with HbA1c <7% (53 mmol/mol), but all glucose profiles were above the 

targets in people with HbA1c ≥7% (53 mmol/mol) and duration of diabetes <10 years and 

≥10 years.  

There is strong observational evidence that fasting glucose is associated with vascular events 

and mortality, and HbA1c level is consistently influenced by fasting glucose or pre-breakfast 

glucose and pre-lunch glucose but not with pre-dinner glucose [4,8,14,29,30,31,32]. High 

postprandial glucose after breakfast and lunch can also predict the cardiovascular events in 

type 2 diabetes, and this effect is independent and stronger than fasting glucose and HbA1c 

[33,34]. In general, the association of HbA1c with postprandial glucose was well established 

[4,35,36] but not with postprandial glucose after each meal in a day. A study identified a 

higher correlation of HbA1c with postprandial glucose after breakfast than postprandial 

glucose after lunch and no effect of postprandial glucose after dinner in type 2 diabetes [8]. 

Although this evidence is limited, high glucose profiles after breakfast seems to be clinically 

important. The finding from this meta-analysis suggests that people with type 2 diabetes with 

HbA1c <7% (53 mmol/mol) or ≥7% (53 mmol/mol) are very likely to have high fasting 

glucose and postprandial glucose after breakfast, and this might be clinically useful to 

improve diabetes management.  

An important point of this review is that there is the need for the improvement of current 

diabetes management, and other adjunct therapy should be added. One potential therapeutic 

target is to modify lifestyle factors, in particular, sedentary/sitting time, leading to high 

glucose profiles in people with type 2 diabetes. The negative impact of daily sedentary/sitting 

time and the beneficial effect of interruption of sedentary/sitting time on fasting glucose and 

postprandial glucose were observed in recent cross-sectional studies [37–39]. However, these 

studies only looked at the association of sedentary pattern and periodic venous glucose before 
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and after a test meal rather than continuous glucose profiles throughout the day in free-living 

settings. Future studies are therefore needed to evaluate the impact of daily sedentary 

behaviour, physical activity pattern and other lifestyle factors on intra-day glucose profiles 

using CGM.  

There are several strengths of this meta-analysis. First, the quality scores of the included 

studies are relatively high. Second, subgroup analysis used in this meta-analysis allowed us to 

evaluate glucose profiles for HbA1c <7% (53 mmol/mol), HbA1c ≥7% (53 mmol/mol), 

duration of diabetes <10 years and duration of diabetes ≥10 years. Third, the use of CGM in 

the included studies allowed us to analyse and evaluate the full picture of glucose profiles 

throughout the day. Finally, the IDF guideline used in the present meta-analysis is evidence-

based and specific for type 2 diabetes, and 36% of national guidelines used globally were 

based on the IDF guideline [40]. 

This meta-analysis also has some limitations. First, the sample size was relatively small in 

most of the studies included in this meta-analysis, and this tends to be the case in CGM based 

studies due to the relatively high cost of CGM. Second, there might be study selection bias 

because the majority of studies included in this meta-analysis are cross-sectional and the 

availability of other study designs are limited. Third, the reliability of pooled glucose profiles 

might be limited by the heterogeneity between studies, and this may result from variability in 

study designs, methodologies, participants and anti-diabetes agents between studies. 

Nonetheless, the random effects model allowing the study outcomes to vary in a normal 

distribution between studies was used to conduct analyses [41]. Fourth, some important 

glucose control measures, such as glycaemic variability and bedtime glucose, were not 

reported in this meta-analysis, and these glucose control measures should be evaluated in 

future studies. Fifth, CGM used in the studies were much outdated, and insights into glucose 

profiles were limited because their monitoring duration (e.g. GlucoDay S CGM monitors 
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glucose for 2 days) was relatively short compared to current CGM systems (e.g. FreeStyle 

Libre CGM monitors glucose for 14 days). Finally, the use of different CGM with different 

MARD values in the included studies might influence pooled glucose profiles and might 

contribute to the observed heterogeneity.  

In conclusion, fasting glucose and postprandial glucose after breakfast do not achieve the IDF 

targets in type 2 diabetes even with currently prescribed diet management, anti-diabetes 

agents and HbA1c <7% (53 mmol/mol). People with type 2 diabetes are therefore at risk of 

diabetes complications, and adjunct therapy such as lifestyle modifications should be 

promoted. The impact of lifestyle factors on intra-day glucose profiles using current CGM 

should be explored in future studies.  

Word count: 4039 

Author contribution 

ACP, AFK and SFMC conceived this study and contributed to the study design. ACP 

produced the study question, conducted data collection and analysis, interpreted the results, 

drafted and revised the manuscript. SFMC contributed to study question, data collection and 

analysis. AFK, AC, TK and SFMC contributed to the revision of the manuscript. The final 

manuscript was approved by all authors.  

Funding 

This work is supported by PAL technologies Ltd and School of Health and Life Sciences, 

Glasgow Caledonian University. 

The views, results, discussions and conclusions are those of the authors. The funding 

agencies did not play any role in preparing and writing up review and making a decision to 

submit manuscript. 



  

14 

 

Acknowledgements 

The authors would like to thank Ukachukwu Abaraogu for contributing to literature search.  

Conflict of interest disclosures 

No potential conflicts of interest associated with this article were reported. 

Prior presentation 

Parts of this review in abstract form were presented at Diabetes UK Professional Conference, 

Manchester, United Kingdom, 8-10 March 2017.  



  

15 

 

References 

[1] International Diabetes Federation Guideline Development Group. Global guideline for 

type 2 diabetes. Diabetes Research and Clinical Practice 2014;104:1–52.  

[2] Kovatchev BP. Metrics for glycaemic control — from HbA1c to continuous glucose 

monitoring. Nature Reviews Endocrinology 2017;13:425–36.  

[3] Hare MJL, Shaw JE, Zimmet PZ. Current controversies in the use of haemoglobin 

A1c. Journal of Internal Medicine 2012;271:227–36.  

[4] Ando K, Nishimura R, Tsujino D, Seo C, Utsunomiya K. 24-Hour Glycemic 

Variations in Drug-Naïve Patients with Type 2 Diabetes: A Continuous Glucose 

Monitoring (CGM)-Based Study. PLOS ONE 2013;8:e71102.  

[5] Vazeou A. Continuous blood glucose monitoring in diabetes treatment. Diabetes 

Research and Clinical Practice 2011;93 (Suppl. 1):S125–30.  

[6] Yano Y, Hayakawa M, Kuroki K, Ueno H, Yamagishi S, Takeuchi M, et al. Nighttime 

blood pressure, nighttime glucose values, and target-organ damages in treated type 2 

diabetes patients. Atherosclerosis 2013;227:135–9.  

[7] Hay LC, Wilmshurst EG, Fulcher G. Unrecognized hypo- and hyperglycemia in well-

controlled patients with type 2 diabetes mellitus: the results of continuous glucose 

monitoring. Diabetes Technol Ther 2003;5:19–26.  

[8] Cichosz SL, Fleischer J, Hoeyem P, Laugesen E, Poulsen PL, Christiansen JS, et al. 

Assessment of Postprandial Glucose Excursions Throughout the Day in Newly 

Diagnosed Type 2 Diabetes. Diabetes Technology & Therapeutics 2013;15:78–83.  

[9] Bonakdaran SH, Khajeh-Dalouie M. The effects of fasting during ramadan on 

glycemic excursions detected by continuous glucose monitoring system (CGMS) in 

patients with type 2 diabetes. Medical Journal of Malaysia 2011;66:447–50. 

[10] Takeishi S, Mori A, Kawai M, Yoshida Y, Hachiya H, Yumura T, et al. Major 



  

16 

 

Increases between Pre- and Post-breakfast Glucose Levels May Predict Nocturnal 

Hypoglycemia in Type 2 Diabetes. Internal Medicine 2016;55:2933–8.  

[11] Lin SD, Su SL, Wang SY, Tu ST, Hsu SR. Using continuous glucose monitoring to 

assess contributions of premeal and postmeal glucose levels in diabetic patients treated 

with metformin alone. Diabetes and Metabolism 2016;42:336–41.  

[12] Kohnert KD, Augstein P, Heinke P, Zander E, Peterson K, Freyse EJ, et al. Chronic 

hyperglycemia but not glucose variability determines HbA1c levels in well-controlled 

patients with type 2 diabetes. Diabetes Research and Clinical Practice 2007;77:420–6.  

[13] Bonakdaran S, Rajabian R. Prevalence and extent of glycemic excursions in well-

controlled patients with type 2 diabetes mellitus using continuous glucose-monitoring 

system. Indian J Med Sci 2009;63:66–71.  

[14] McGeoch S, Johnstone A, Lobley G, Pearson D, Abraham P, Megson I, et al. Type 2 

diabetes managed by diet and lifestyle: HbA1c can identify significant post-prandial 

hyperglycaemia. Practical Diabetes 2012;29:58–60.  

[15] Praet SFE, Manders RJF, Meex RCR, Lieverse AG, Stehouwer CDA, Kuipers H, et al. 

Glycaemic instability is an underestimated problem in Type II diabetes. Clinical 

Science (London, England : 1979) 2006;111:119–26. 

[16] Monnier L, Colette C, Dejager S, Owens D. Magnitude of the dawn phenomenon and 

its impact on the overall glucose exposure in type 2 diabetes: Is this of concern? 

Diabetes Care 2013;36:4057–62. 

[17] Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation 

from the sample size, median, range and/or interquartile range. BMC Medical 

Research Methodology 2014;14:135–147.  

[18] Wiebe N, Vandermeer B, Platt RW, Klassen TP, Moher D, Barrowman NJ. A 

systematic review identifies a lack of standardization in methods for handling missing 



  

17 

 

variance data. Journal of Clinical Epidemiology 2006;59:342–53.  

[19] Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-

analyses. BMJ : British Medical Journal 2003;327:557–60.  

[20] Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Statistics in 

Medicine 2002;21:1539–58.  

[21] Wang X, Tang L, Gao L, Yang Y, Cao D, Li Y. Myopia and diabetic retinopathy: A 

systematic review and meta-analysis. Diabetes Research and Clinical Practice 

2016;111:1–9. 

[22] Kmet LM, Lee RC, Cook LS. Standard Quality Assessment Criteria for Evaluating 

Primary Research Papers. Alberta Heritage Foundation for Medical Research 

2004;13:1–22. 

[23] Liebl A, Henrichs H, Heinemann L, Freckmann G, Biermann E, Thomas A. 

Continuous glucose monitoring: evidence and consensus statement for clinical use. 

Journal of Diabetes Science and Technology 2013;7:500–19. 

[24] Kubiak T, Hermanns N, Schreckling HJ, Kulzer B, Haak T. Assessment of 

hypoglycaemia awareness using continuous glucose monitoring. Diabetic Medicine 

2004;21:487–90.  

[25] Welsh JB, Kaufman FR, Lee SW. Accuracy of the Sof-sensor glucose sensor with the 

iPro calibration algorithm. Journal of Diabetes Science and Technology 2012;6:475–6.  

[26] Klonoff DC. Continuous glucose monitoring: Roadmap for 21st century diabetes 

therapy. Diabetes Care 2005;28:1231–9.  

[27] Facchinetti A, Sparacino G, Cobelli C. Reconstruction of glucose in plasma from 

interstitial fluid continuous glucose monitoring data: role of sensor calibration. Journal 

of Diabetes Science and Technology 2007;1:617–23. 

[28] Tekalegn Y, Addissie A, Kebede T, Ayele W. Magnitude of glycemic control and its 



  

18 

 

associated factors among patients with type 2 diabetes at Tikur Anbessa Specialized 

Hospital, Addis Ababa, Ethiopia. PLOS ONE 2018;13:e0193442.  

[29] Lim LL, Brnabic AJM, Chan SP, Ibrahim L, Paramasivam SS, Ratnasingam J, et al. 

Relationship of glycated hemoglobin, and fasting and postprandial hyperglycemia in 

type 2 diabetes mellitus patients in Malaysia. Journal of Diabetes Investigation 

2017;8:453–61.  

[30] Barr ELM, Zimmet PZ, Welborn TA, Jolley D, Magliano DJ, Dunstan DW, et al. Risk 

of cardiovascular and all-cause mortality in individuals with diabetes mellitus, 

impaired fasting glucose, and impaired glucose tolerance: The Australian Diabetes, 

Obesity, and Lifestyle Study (AusDiab). Circulation 2007;116:151–7.  

[31] Tanne D, Koren-Morag N, Goldbourt U. Fasting plasma glucose and risk of incident 

ischemic stroke or transient ischemic attacks: a prospective cohort study. Stroke; a 

Journal of Cerebral Circulation 2004;35:2351–5.  

[32] Yi SW, Park S, Lee YH, Park HJ, Balkau B, Yi JJ. Association between fasting 

glucose and all-cause mortality according to sex and age: A prospective cohort study. 

Scientific Reports 2017;7:8194–202.  

[33] Cavalot F, Pagliarino A, Valle M, Di Martino L, Bonomo K, Massucco P, et al. 

Postprandial blood glucose predicts cardiovascular events and all-cause mortality in 

type 2 diabetes in a 14-year follow-up: Lessons from the San Luigi Gonzaga diabetes 

study. Diabetes Care 2011;34:2237–43.  

[34] Jiang J, Zhao L, Lin L, Gui M, Aleteng Q, Wu B, et al. Postprandial Blood Glucose 

Outweighs Fasting Blood Glucose and HbA1c in screening Coronary Heart Disease. 

Scientific Reports 2017;7:14212–8.  

[35] Yamamoto-Honda R, Kitazato H, Hashimoto S, Takahashi Y, Yoshida Y, Hasegawa 

C, et al. Distribution of Blood Glucose and the Correlation between Blood Glucose 



  

19 

 

and Hemoglobin A1c Levels in Diabetic Outpatients. Endocrine Journal 2008;55:913–

23.  

[36] Ketema EB, Kibret KT. Correlation of fasting and postprandial plasma glucose with 

HbA1c in assessing glycemic control; systematic review and meta-analysis. Archives 

of Public Health 2015;73:43–51.  

[37] Dunstan DW, Salmon J, Healy GN, Shaw JE, Jolley D, Zimmet PZ, et al. Association 

of television viewing with fasting and 2-h postchallenge plasma glucose levels in 

adults without diagnosed diabetes. Diabetes Care 2007;30:516–22.  

[38] Sardinha LB, Magalhães JP, Santos DA, Júdice PB. Sedentary patterns, physical 

activity, and cardiorespiratory fitness in association to glycemic control in type 2 

diabetes patients. Frontiers in Physiology 2017;8:262–71.  

[39] Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, et al. Breaks in 

sedentary time: beneficial associations with metabolic risk. Diabetes Care 

2008;31:661–6.  

[40] Home P, Haddad J, Latif ZA, Soewondo P, Benabbas Y, Litwak L, et al. Comparison 

of National/Regional Diabetes Guidelines for the Management of Blood Glucose 

Control in non-Western Countries. Diabetes Ther 2013;4:91–102.  

[41] Kelley GA. Statistical models for meta-analysis: A brief tutorial. World Journal of 

Methodology 2012;2:27–32.  



  

20 

 

Author (year) Study 

design 

Study 

duration 

(days) 

Sample 

size 

Age 

(years) 

Medications Fasting 

glucose 

(mmol/L) 

PPG after 

breakfast 

(mmol/L) 

Pre-lunch 

glucose 

(mmol/L) 

PPG after 

lunch 

(mmol/L) 

Pre-dinner 

glucose 

(mmol/L) 

PPG after 

dinner 

(mmol/L) 

HbA1c 

(%)  

HbA1c 

(mmol/mol) 

Ando et al. (2013) 

[4] 

Cross- 

sectional 

1 30 42-66  Diet 6.9 ± 0.3 11.9 ± 0.7 6.5 ± 0.3 11.7 ± 0.7 6.4 ± 0.4 12.4 ± 0.8 7.7 ± 0.2 

 

61 ± 1.2 

Cichosz et al. (2013) 

[8] 

Cross- 

sectional 

3 86 61 ± 1.1 Met 6.9 ± 0.1 10.2 ± 0.3 6.6 ± 0.1 8.4 ± 0.2 6.6 ± 0.2 8.8 ± 0.2 6.5 ± 0.1 

 

48 ± 0.4 

Monnier et al. (2013)  

[16] 

Cross- 

sectional 

3 248 59.9 ± 0.6 Met, SU, α-

GI, TZD, 

DPP-4 I, 

Diet 

6.9 ± 0.1 11.1 ± 0.2 6.6 ± 0.1 9.3 ± 0.1 6.3 ± 0.1 9.3 ± 0.1 7.2 ± 0.1 

 

55 ± 0.6 

Hay et al. (2003) [7] Longitu-

dinal 

12 25 73.9 ± 0.9 Met, SU 7.7 ± 0.4 9.3 ± 0.6  8.7 ± 0.6  8.2 ± 0.5 6.2 ± 0.2 44 ± 1.2 

Bonakdaran and 

Khajeh-Dalouie 

(2011)  [9] 

Longitu-

dinal 

6 17 42.4 ± 2.1 Met, SU 

 

 

7.7 ± 0.4 10.7 ± 0.8  9.9 ± 0.5  9.5 ± 0.7 6.3 ± 0.4 

 

45 ± 2.5 

Yano et al. (2013)  

[6] 

Cross- 

sectional 

1 49 67.3 ± 1.5 ADA  11.6 ± 0.5  11.1 ± 0.7  11.6 ± 0.5 8.7 ± 0.2 72 ± 1.2 

McGeoch et al. 

(2012)  [14] 

Cross- 

sectional 

3 29               62 ± 1.1 Diet 7.3 ± 0.2      6.7 ± 0.1 

 

50 ± 1.2 

Praet et al. (2006)  

[15] 

Cross- 

sectional   

2 11             58 ± 1 Met, SU 8.6 ± 0.6      7.4 ± 0.3 57 ± 1.9 

Takeishi et al. (2016) 

[10] 

Retrosp-

ective 

4 106 66.6 ± 1.1 Met, SU, α-

GI, TZD, 

DPP-4 I, 

GLP-1 RA, 

Rapid acting 

insulin 

secretagogue

, SGLT2 I, 

Insulin 

7.2 ± 0.2 12.6 ± 0.3     8.7 ± 0.1 71 ± 1.5 

Lin et al. (2016) [11] Cross-

sectional 

3 46 54.2 ± 1.5 Met 8.1 ± 0.2  7.5 ± 0.3  7.6 ± 0.2  7.5 ± 0.1 58 ± 0.1 

Kohnert et al. (2007) 
[12] 

Prospect
-ive 

4 63 62.9 ± 1.1 Diet, Met, 
SU, Insulin 

 9.5 ± 0.2     6.1 ± 0.1 43 ± 0.4 

Bonakdaran and 

Rajabian (2009) [13] 

Cross-

sectional 

3 21 51.9 ± 2.1 Met, SU, 

Meglitinides 

  7 ± 0.2 8.7 ± 0.6  7.9 ± 0.3  7.5 ± 0.3 6.7 ± 0.1 

 

50 ± 0.6 

Abbreviation: Met, metformin; SU, sulphonylurea; α-GI, α-glucosidase inhibitor; TZD, thiazolidinedione; DPP-4 I, dipeptidyl peptidase-4 inhibitor; 

GLP-1 RA, Glucagon-like peptide-1 receptor agonist; SGLT2 I, Sodium-glucose cotransporter 2 inhibitor; ADA, anti-diabetes agents.                                                        

            

Table 1 – Characteristics of the included studies. 

Tables 
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Subgroups Number 

of studies 

Heterogeneity test 

      I2         P-Value 

Model selected Mean difference P-Value 

HbA1c <7% (53 mmol/mol) 

   Fasting glucose (mmol/L) 

   Postprandial glucose after breakfast (mmol/L) 

   Postprandial glucose after lunch (mmol/L) 

   Postprandial glucose after dinner (mmol/L) 

 

5 

5 

4 

5 

 

     56%     0.06 

     53%     0.08 

     75%     0.007 

     81%     0.001 

 

Random 

Random 

Random 

Random 

 

0.68 (0.39–0.97) 

0.67 (0.13–1.20) 

-0.37 (-1.08–0.33) 

-0.59 (-1.41–0.24) 

 

<0.00001 

0.01 

0.30 

0.16 

   Post-breakfast glucose spike (mmol/L) 4      67%     0.03 Random -0.02 (-1.03–0.98) 0.96 
HbA1c ≥7% (53 mmol/mol) 

   Fasting glucose (mmol/L) 

   Pre-lunch glucose (mmol/L) 

   Pre-dinner glucose (mmol/L) 

   Postprandial glucose after breakfast (mmol/L) 

   Postprandial glucose after lunch (mmol/L) 

   Postprandial glucose after dinner (mmol/L) 

5 

3 

3 

4 

3 

3 

     89%     <0.00001 

     76%     0.01 

     94%     <0.00001 

     83%     0.0005 

     89%     0.0001 

     94%     <0.00001 

Random 

Random 

Random 

Random 

Random 

Random 

0.94 (0.37–1.50) 

0.33 (-0.20–0.87) 

0.28 (-0.67–1.23) 

2.79 (1.88–3.70) 

1.60 (-0.11–3.31) 

2.01 (-0.05–4.07) 

0.001 

0.23 

0.57 

<0.00001 

0.07 

0.06 

   Post-breakfast glucose spike (mmol/L) 3      74%     0.02 Random 2.29 (1.40–3.18) <0.00001 

   Post-lunch glucose spike (mmol/L) 2      90%     0.002 Random 1.32 (-1.11–3.76) 0.29 

   Post-dinner glucose spike (mmol/L) 2      91%     0.0009 Random 1.87 (-1.06–4.79) 0.21 

Duration of diabetes <10 years 

   Fasting glucose (mmol/L) 

   Pre-lunch glucose (mmol/L) 
   Pre-dinner glucose (mmol/L) 

   Postprandial glucose after breakfast (mmol/L) 

   Postprandial glucose after lunch (mmol/L) 

   Postprandial glucose after dinner (mmol/L) 

 

5 

3 
3 

4 

3 

3 

 

     89%     <0.00001 

     72%     0.01 
     87%     0.0005 

     79%     0.003 

     92%     <0.00001 

     90%     <0.0001 

 

Random 

Random 
Random 

Random 

Random 

Random 

 

1.06 (0.39–1.72) 

0.33 (-0.20–0.87) 
0.40 (-0.37–1.18) 

1.37 (0.50–2.23) 

0.90 (-0.92–2.73) 

1.13 (-0.85–3.10) 

 

0.002 

0.23 
0.31 

0.002 

0.33 

0.26 

   Post-breakfast glucose spike (mmol/L) 3      62%     0.07 Random 1.26 (0.15–2.38) 0.03 

   Post-lunch glucose spike (mmol/L) 2      94%     <0.0001 Random 0.91 (-2.42–4.24) 0.59 

   Post-dinner glucose spike (mmol/L) 2      94%     <0.0001 Random 1.51 (-2.21–5.22) 0.43 

Duration of diabetes ≥10 years 

   Fasting glucose (mmol/L) 

   Postprandial glucose after breakfast (mmol/L) 

   Postprandial glucose after lunch (mmol/L) 
   Postprandial glucose after dinner (mmol/L) 

 

2 

3 

2 
2 

 

     20%     0.26 

     92%     <0.00001 

     85%     0.009 
     96%     <0.00001 

 

Fixed 

Random 

Random 
Random 

 

0.80 (0.45–1.15) 

2.22 (0.41–4.03) 

0.87 (-1.48–3.22) 
0.90 (-2.43–4.23) 

 

<0.00001 

0.02 

0.47 
0.60 

   Post-breakfast glucose spike (mmol/L) 2      95%     <0.00001 Random 1.04 (-2.68–4.77) 0.58 

Dara are presented as mean difference (95% CI) 

Table 2 – Mean difference between fasting glucose, pre-meal glucose and postprandial glucose and the IDF targets (Fasting glucose ≤6.5 mmol/L, Pre-meal glucose 

≤6.5 mmol/L, Postprandial glucose ≤9 mmol/L, Post-meal glucose spike ≤2.5 mmol/L): a subgroup analysis. 
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Figure Captions 

Fig. 1 – PRISMA diagram of the study selection process.  

Fig. 2 – Forest plots of mean differences between (A) fasting glucose, (B) pre-lunch 

glucose and (C) pre-dinner glucose and the IDF targets (Fasting glucose ≤6.5 mmol/L, 

Pre-meal glucose ≤6.5 mmol/L): an overall analysis. Abbreviation: SE, standard error. 

 

Fig. 3 – Forest plots of mean differences between (A) postprandial glucose after 

breakfast, (B) postprandial glucose after lunch, (C) postprandial glucose after dinner, 

(D) post-breakfast glucose spike, (E) post-lunch glucose spike and (F) post-dinner 

glucose spike and the IDF targets (Postprandial glucose ≤9 mmol/L, Post-meal glucose 

spike ≤2.5 mmol/L): an overall analysis. Abbreviation: PPG, postprandial glucose; SE, 

standard error. 
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