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Background: The impact of dietary factors on glycaemic control in type 2 diabetes mellitus (T2DM) is well established. However, the effectiveness of transforming portion control into a practical innovation for glycaemic control in T2DM has not yet been established for counselling in nutrition. The aim of this study was to compare the effect of general counselling in nutrition (GCN) and a portioned meal box (PMB) on fasting blood glucose, glycated haemoglobin (HbA1c) and body composition.

Methods: A randomised, parallel intervention trial was conducted over 12 weeks, with GCN: carbohydrate portion control concept by using food exchange lists (n = 25) and PMB: portioned meal box was set by energy requirements (n = 25).

Results: Both GCN and PMB demonstrated reductions in HbA1c levels at the 6th and 12th weeks compared to baseline. However, no significant difference in HbA1c was observed between GCN and PMB at either the 6th or 12th week. Using PMB at least four times a week significantly decreased HbA1c during the intervention period (p = 0.021 and p < 0.001 for weeks 6 and 12 when compared with baseline, respectively). Changes in body composition were observed: body weight decrease in PMB only, body fat decrease and constant muscle mass in both groups. Both methods tended to relieve hunger and increased satiety in both groups. The satisfaction evaluation showed that participants preferred to use PMB over GCN (p = 0.001). Additionally, participants consumed less energy, carbohydrate and fat in PMB (p = 0.001, p = 0.019, and p = 0.001, respectively) and less energy and fat in GCN (p = 0.006 and p = 0.001, respectively).

Conclusion: A better diet, either through GCN or PMB, can play an important role in improving dietary intake compliance and controlling blood glucose.
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1. Introduction

Type 2 Diabetes Mellitus (T2DM) is the most common type of chronic disease for which genetic inheritances and environmental factors including lifestyle, dietary habits and physical activity are contributing factors (1, 2). Successful management of people with diabetes requires coordination of a multidisciplinary care team (MDT) (3), including endocrinologists, nurses, pharmacists and dietitians (4), to control glycaemia within a desirable range and, subsequently, to prevent diabetic complications of organs such as the eyes (5), kidneys (6) and feet (7). Blood glucose monitoring and body composition measurement are necessary to observe the responses to diabetic treatment and are used widely in research studies and the clinical setting (8). Strategies for diabetes intervention consists of four aspects, including optimal diet control, good mental health, exercise and compliance with medication usage (9, 10). Appropriate diet plays a vital role in maintaining good control of blood glucose concentration and keeping hunger and satiety levels in a desirable range in diabetes patients (11, 12). There are several approaches about dietary counselling for diabetes control in patients (13), for example, carbohydrate counting (14), low glycaemic index food (15) and portioned sizes control (16). Portion control is an effective approach for helping those with diabetes to avoid excessive macronutrient intake, especially carbohydrate content which is important to reduce blood glucose in diabetic patients (17). The plate model first proposed (in 1998) by the Swedish Diabetic Association uses pictures, graphs, and food replicas (18). The evidence indicates that portion control plates help promote healthy eating and nutrition knowledge and help to achieve weight loss (19–22). Although the MyPlate model fractions the plate as 30% of non-starchy vegetables, 20% of fruits, 25% of lean meat and 25% of whole grains (23, 24), most other portion-control plates follow a common proportion dedicating a quarter to protein-rich foods, a quarter to carbohydrates, and a half to vegetables (25). Due to the limited research available on portion plates and health promotion, we adapted the concept of portion-control plates to a portioned meal box (PMB), which is a practical, easy-to-use alternative in which the available space in the box for each food portion is evident. In Thai main meals and snacks, rice and rice products are commonly consumed as staple foods (26). However, diabetic patients often lack knowledge of the precise amount of carbohydrates in each meal (27), which hinders their ability to maintain desirable blood glucose levels (28). This can lead to poor glycaemic control, increased healthcare costs, uncontrolled diabetic complications, higher doses of oral hypoglycaemic medication (29) and increased mortality (30). Therefore, this study aimed to compare the effectiveness of the PMB portion-control concept with that of general dietary counselling (GCN) in improving blood glucose levels and body compositions. In addition, satisfaction, hunger and satiety levels, and dietary assessment parameters including food record were also investigated in diabetic patients.



2. Materials and methods


2.1. Study design and participants

The study was conducted at Burapha University Hospital in Chon Buri, Thailand, and the participants were diagnosed with type 2 diabetes (T2DM) at the out-patient department (OPD) on diabetes mellitus (DM). Throughout the study period, the participants maintained their antidiabetic medication regimen. The study enrolled participants who met the following inclusion criteria: aged between 30 and 60 years, on oral hypoglycaemic medication only (excluding insulin injections) and stable on the same medication for at least 1 month, and had an HbA1c level of more than 58.5 mmol/mol in the previous 6 months. Exclusion criteria included a change from oral hypoglycaemic medication to insulin injection, critical illness, steroid use, smoking or alcohol consumption, and participation in other studies that could affect blood glucose levels. The study was conducted from early November 2021 to mid-June 2022.



2.2. Sample size calculation

We calculated the required sample size for a parallel design trial comparing general dietary counselling and PMB in terms of HbA1c changes. A statistically significant difference was set at 95%, and the power of the test at 80%. We estimated the effect size of dietary counselling and portioned control diet to be a reduction of HbA1c by 0.02 ± 1.14% and 0.6 ± 0.80%, respectively, based on Pedersen’s (31) and Barnard’s studies (32). The equation (33) for sample size calculation is shown below, in which Zα/2 = 1.96 (α = 0.05), Zβ = 0.842 (β = 0.80), standard deviation (SD) = 0.97% and ∆Mean = (0.6–0.02%) = 0.58%.
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To allow for a potential dropout rate of participants, an additional 20% of participants were recruited resulting in 28 individuals per group.



2.3. Ethical considerations

All participants received study information and gave their written consent before beginning the study. This study was approved by Burapha University Ethical Committee with project ID HS014/2564 on 20 May 2021. All study protocols were performed according to the Declaration of Helsinki, and results were expressed by using the Consolidated Standards of Reporting Trials (CONSORT) guidelines (34). The methodology of the study was registered at the Thai Clinical Trials Registry (identification number: TCTR20221103006).



2.4. Study protocol

Participants were randomly allocated to either the intervention or control groups. Convenience sampling was used to recruit subjects for the study. Subject numbers for PMB and GCN were assigned based on a coded (AB) block randomisation table prepared by an independent statistician and group allocation was not disclosed until the first intervention day. The investigators were blinded to the randomisation table, code assignments, and procedure. Participants in the control group received personalised GCN that utilised the carbohydrate portion control concept by using food exchange lists. On the other hand, participants in the intervention group received two PMBs (Supplementary Figure 1) directly from the researcher. It is important to note that both groups received dietary guidance that was compatible with their calorie and carbohydrate requirements. All participants were instructed to generally exercise at least 30 min/day. Telephone calls were made weekly to all participants in each group to check their compliance and solve problems they may have encountered during the study period. An as-treated analysis was employed in this study to account for participant withdrawals during the course of the research. A flow diagram of a participant’s progress through the study is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Study flowchart.




2.5. Portioned meal box

Portioned meal box (PMB) based on the healthy diet plate model concept to create an appropriate portion control, which relied on the participant’s requirements, including three parts (1/2 vegetables, 1/4 grains, and 1/4 meat). The calorie intake of each participant who used PMB was set by their personal requirements, including 1,400, 1,600 or 1,800 kcal/day.



2.6. Study parameters

At baseline, 6 weeks and 12 weeks, participants’ body compositions were measured namely, height (Ht), body weight (BW), body mass index (BMI), percent body fat (PBF), skeletal muscle mass (SMM), total body water (TBW), visceral fat level (VFL) by bioelectrical impedance analysis (Inbody 270, Biospace Corp., Seoul, South Korea), and waist to hip ratio (WHR) was calculated. Glycaemic control included fasting blood glucose (FBG) and HbA1c was measured in venous blood. According to manufacturer’s information, a rating of VFL between 1 and 12 indicates a health level of visceral fat, while a rating of VFL between 13 and 59 indicates excess visceral fat. Furthermore, hunger and satiety levels were evaluated using a visual analogue scale (VAS) (35, 36) immediately after the first meal and again 3 h later (Supplementary Figures 2, 3). All participants were instructed to maintain food diaries and record all foods and beverages consumed throughout the duration of the study. The nutrient composition, including energy, protein, carbohydrates, and fat, of each participant’s meal, was determined using INMUCAL Nutrients V. 2.0 (Mahidol University, Thailand), based on their daily food record (37).



2.7. Statistical analysis

All descriptive data were collected in Microsoft Office Excel 2019 and statistical analysis was performed by the IBM SPSS Statistics version 20.0. Results are represented as mean ± standard deviation (SD). Variations of monitored parameters between groups (GCN and PMB), including FBG, HbA1c, BW, BMI, PBF, SMM, WHR, VFL, and WHR at baseline, 6th week and 12th week were determined using one-way analysis of covariance (ANCOVA) with BMI and PBF subgroup analysis. Furthermore, the variations of HbA1c level and body composition for PMB used were analysed using ANCOVA with BMI and PBF as confounding factors. The difference between each treatment within groups and VAS for hunger and satiety was analysed using paired sample t-tests. Nutrient intake and satisfaction evaluation in participants were compared between groups by independent sample t-test.




3. Results


3.1. Baseline characteristics

Out of the initial total of 56 participants (28 in each group), three individuals dropped out from the intervention group (PMB) and three individuals dropped out from the control group (GCN) by the end of the 12-week study period due to reasons such as loss to follow-up and being uncontactable. At baseline, there were no significant differences between the two groups in terms of age, sex, BW, Ht, FBG, HbA1c, SMM, WHR, and TBW, as shown in Table 1.



TABLE 1 Participant baseline characteristics for control and intervention group.
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3.2. Energy, carbohydrate, protein and fat intake in GCN and PMB

At baseline, there were no significant differences in calorie intake between GCN and PMB (Supplementary Table 1). Both groups of participants (GCN and PMB) had reduced significantly their energy intake at weeks 6 (p < 0.001) and had lowered fat intake at weeks 6 (p < 0.001) and 12 (p = 0.001); (Figures 2A,B). Carbohydrate intake was decreased significantly in PMB at weeks 6 (p = 0.001) and 12 (p = 0.019); GCN: only weeks 6 (p = 0.020) (Figure 2C). However, there was no significant difference in protein intake within and between groups (Figure 2D and Supplementary Table 1). Both groups showed a significant decrease in daily energy intake after the 6th and 12th weeks, with the intervention group consuming less energy than the control group (105 and 153 kcal/day on weeks 6 and 12, respectively) (Figure 2A).

[image: Figure 2]

FIGURE 2
 Changes in energy intake and nutrition intake compositions after 6 and 12 weeks of intervention. Energy (A), fat (B), carbohydrate (C) and protein (D) intakes in general dietary counselling (control) (n = 23) and portioned meal box (intervention) (n = 18) at baseline, 6th week and 12th week. a Different within the group when compared with baseline (p < 0.05).




3.3. Effect of GCN and PMB on FBG and HbA1c

FBG showed variations neither between groups, nor over time (Table 2 and Figures 3A,B). After 6 and 12 weeks, all participants significantly decreased their HbA1c (Table 2 and Figures 3C–E). Interestingly, participants who received GCN and PMB showed significantly lower HbA1c levels at week 6 (60.0 ± 11.2 and 61.6 ± 14.9 mmol/mol) and week 12 (57.6 ± 11.9 and 58.2 ± 10.9 mmol/mol) when compared with baseline (p < 0.05), respectively. Although HbA1c levels did not vary between weeks 6 and 12 in PMB, PMB group showed a higher decrease in HbA1c levels (−9.5 ± 13.7 mmol/mol) compared with GCN (−8.4 ± 8.8 mmol/mol) (Table 2).



TABLE 2 Responses and changes of glycaemic and body composition for control group (n = 25) and intervention group (n = 25) at each time point when compared with baseline.
[image: Table2]
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FIGURE 3
 Glycaemic response and body composition trends at baseline, 6th week and 12th week. Fasting blood glucose (A), skeletal muscle mass (B), HbA1c (C), percent body fat (D), visceral fat level (E), BMI (F) following general dietary counselling (control) (n = 23) and portioned meal box (intervention) (n = 18) at baseline, 6th week and 12th week. a Different from baseline for the same group (p < 0.05), b Different from week 6 for the same group (p < 0.05).




3.4. Effect of GCN and PMB on body compositions

TBW, PBF and SMM showed no variations either between groups, or over time (Table 2 and Figures 3A,B). After 6 and 12 weeks, VFL had significantly decreased in GCN (p < 0.05) (Table 2 and Figures 3C–E). Only the PMB group had their BMI decreased in week 6 and 12 (Table 2 and Figure 3F). Variations of body compositions, including BW, BMI, PBF, WHR, SMM, VFL, TBW, and BMR, were not different between groups.



3.5. Relationship among the number of PMB usages, HbA1c levels and body compositions

The usage of PMB was variable within the intervention group, so we evaluated the number of times PMB was used to determine its relationship with HbA1c levels and body compositions. The usage rate of PMB in the intervention group showed that 12 participants used them moderately to regularly, 4–7 days per week, while 13 participants rarely used them, 0–3 days per week. The participants, regardless of their weekly use of PMB, reduced their FBG and HbA1c levels after 6 weeks by +13.4 ± 26.0, −16.1 ± 28.8 mg/dL and − 2.6 ± 4.1, −13.5 ± 10.4 mmol/mol and after 12 weeks by +14.6 ± 41.3, −15.9 ± 32.0 mg/dL and − 2.8 ± 6.0, −23.8 ± 15.0 mmol/mol (p < 0.05), respectively (Table 3). The more PMB usage, the stronger HbA1c decrease. Additionally, HbA1c levels dropped significantly in the intervention group when PMB was used 4–7 days/week (p < 0.001). Not only HbA1c was reduced but also other body composition values, including BW and BMI (Table 3).



TABLE 3 Variations of HbA1c level and body composition for PMB used.
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3.6. Evaluation of satisfaction, hunger and satiety levels after receiving diet from GCN and PMB

Participants in the PMB group differed significantly from those in the GCN group in overall pleasure, diabetic diet control perception and willingness to use PMB in the future (5.0 ± 0.2 v. 4.6 ± 0.5, p = 0.001), (4.9 ± 0.3 v. 4.4 ± 0.5, p < 0.001), (4.4 ± 0.5 v. 4.8 ± 0.4, p < 0.001) and (4.9 ± 0.3 v. 4.4 ± 0.5, p < 0.001), respectively (Supplementary Table 2). Moreover, there was a significant difference in the recommendation for both GCN and PMB to other people (4.8 v. 4.4, p = 0.009) (Supplementary Table 2). For hunger and satiety levels, there was a significant difference in fullness feeling (question 2, “How full do you feel?”) of the intervention group immediately after food intake and after 3 h (4.8 ± 1.3 v. 3.6 ± 1.3, p = 0.004) (Table 4). However, the analysis did not reveal any significant difference between GCN and PMB in relation to hunger and satiety levels for all the questions examined.



TABLE 4 Hunger and satiety levels in the first time of dietary control by GCN or portion meal box usage after diet intake immediately or 3 h later.
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4. Discussion

Eating too much or too little is subjective and often individuals have difficulty determining what an adequate portion is. In addition, individuals tend to consume more food when presented with larger packages (38). Thus, a portion-controlled diet has been used to control body weight and other body compositions in overweight and obese individuals. Portion control plates have been shown to be effective in supporting weight loss for individuals with obesity or overweight (21). Although both 2D model and 3D plate are effective for improving nutrition knowledge (19), they are not practical to measure precisely each portion of meat, grains, and vegetables. Therefore, in this study, we hypothesised that PMB (developed from the concept of portion control plates) would be effective in assisting patients with diabetes in improving portion control.

Our study revealed no significant differences in cardiometabolic parameters between the PMB and GCN. This lack of difference can be attributed to the similarity in nutrient intake composition between both groups and the relatively short duration of the intervention. However, our PMB allows individuals to tailor their meals easier by filling up the box according to the marked proportions. Additionally, it is practical for daily life and flexible for food choices, which may be more encouraging than a fixed diet (39). The results of this study showed that both GCN and PMB in T2DM patients reduced HbA1c on the 6th and 12th weeks despite using the same antidiabetic medications treatment at each visit. It is important to note that the reduction in HbA1c from baseline to the 12th week was 0.76% in the GCN group and 0.87% in the PMB group. Previous studies have shown that a reduction of 0.2% in HbA1c levels can lead to a 10% decrease in mortality (40, 41). Regarding the reduction in body weight, we observed a decrease of 1 kg. It is worth mentioning that the relationship between weight loss and HbA1c reduction may not follow a linear pattern, as demonstrated by Gummesson et al. in their study (42) where they found an estimated HbA1c mean reduction of 0.1% for every 1 kg of body weight reduction. Therefore, we hypothesise that the observed reductions in blood glucose concentration in these diabetic patients were due to: (1) the significantly diminished energy, carbohydrate and fat intakes by both groups between baseline and the 12th week (43–45) and/or (2) the increased contribution made by protein intake (up from 15 to 20% of energy). The latter may indeed help to preserve SMM and improve blood glucose responsiveness (46). Our findings are compatible with an earlier study by Grammatikopoulou et al. on how an appropriate medical nutrition therapy has an important role in treating diabetic patients both prediabetes, gestational diabetes and T2DM (47). A possible mechanism of lowering HbA1c through PMB use could be via optimal energy, carbohydrate, protein and fat intake (48). Macronutrient distribution in the control and intervention groups was rearranged from baseline to the end of the study by a lower percentage of carbohydrate and fat intake with constant protein consumption. The results of a diabetic diet after receiving GCN or PMB, which reflects on the percentage of macronutrients intake, complied with the standards of medical care in diabetes guidelines from the American Diabetes Association (ADA) 2022 (carbohydrate 45–65%, protein 15–20%, and fat 20–35% of total calories) (49, 50). In this study, energy intake was dramatically lowered from baseline to the end of the study in the control (−23%) and intervention (−24%) triggering a positive response to reduce insulin resistance in participants (51). Moreover, carbohydrate contents in the control group nearly remained the same during the study period (+2%), but in the intervention group, carbohydrate intake diminished in the 6th week (−15%). In line with Wheatley and Haimoto’s suggestions, reduction of carbohydrate intake is strongly recommended for better glycaemic outcomes in T2DM (52, 53). A low carbohydrate diet can decrease HbA1c and help in weight control in T2DM and pre-diabetes (54). Additionally, a smaller carbohydrate intake is associated with enhanced glycaemic control in diabetes patients (55). The Scientific Advisory Committee on Nutrition recommends a lower carbohydrate diet over a short-term period (up to 6 months) to improve glycaemic control (56). Our study results are in line with this recommendation, as both GCN and PMB groups demonstrated a reduction in carbohydrate and fat intakes, leading to observable health benefits. By reducing carbohydrate intakes in moderate amounts (45–65% carbohydrate of total energy) (57), based on energy requirement from the rule of thumb equation (25–30 kcal/kg ideal body weight per day) (58) and carbohydrate consumption, high blood glucose levels can be reliably reduced resulting in a reduction or suppression of medication. It is essential to maintain an appropriate amount of carbohydrate content to address poor dietary habits resulting from a lack of knowledge about the diabetic diet (59).

Furthermore, we observed that low HbA1c levels depended on the number of PMB usages. Participants who used PMB more than 4 days a week had a better regulated blood glucose than with the usual dietary control. Moreover, smaller meal box sizes can encourage awareness and become a generalised recommendation to control the amount of food intake at each meal (60). Portion restriction has advocated for energy intake and adjusted food quantity and body composition (61). In terms of satisfaction evaluation, the results show that participants under the PMB method had more pleasure to use and commit more to it than GCN. This could be due to the PMB (feasible and portable) support of proper behaviour for better glycaemic control, in accordance with an earlier study on future innovation on portion control accepted by diabetic patients (62). In addition, hunger and satiety levels after using PMB can be suitably maintained by restrictive food intake behaviour (63). According to the experiment of Angelopoulos et al., a healthy diet can optimise hunger and satiety levels, which can be used for dietary control in the long term (64). This study effectively demonstrated the positive impact of increasing the frequency of using a portion-control tool on reducing HbA1c levels in patients with diabetes. However, it is crucial to acknowledge and consider certain limitations that may influence the interpretation of these findings. One notable limitation is the relatively small number of participants in both the PMB and GCN groups. This limited sample size may have affected the statistical power and generalisability of the results. Additionally, it was observed that participants receiving PMB lacked the motivation to use it every day, primarily due to time constraints related to meal preparation. Because both PMB and GNC groups received nutritional counselling, it is likely that their dietary intake may have been affected in a similar way, resulting in no observable differences in the variations of their respective energy and food intakes. Consequently, no significant differences in outcomes were observed between the PMB and GCN groups. To address this issue and enhance motivation among participants, it could be beneficial to utilise social media platforms to facilitate the sharing and exchange of ideas for creating different PMB meals. This approach could provide participants with a supportive community and inspire creativity in utilising the portion-control tool effectively. Furthermore, it is important to acknowledge that the study faced challenges in controlling participants’ diets, especially when they were outside of their home, which could have influenced the effectiveness of the intervention. To address this limitation, the provision of portable and convenient meal options that participants can easily carry with them while on-the-go could be a viable solution. By offering these options, participants could maintain adherence to the portion-control tool even in situations where their dietary choices are less controllable. This approach aims to provide practical and accessible solutions for participants to sustain their dietary habits and promote the desired outcomes of the intervention. Therefore, future study will have to evaluate the effectiveness of utilising PMB, specifically in terms of improvement in glycaemic control. This would provide valuable insights into the potential benefits of this intervention in helping individuals manage their blood glucose levels. Conducting such studies would contribute to make of PMB a better intervention tool.



5. Conclusion

This study represents the first intervention trial to compare the effect of PMB and GCN on dietary control compliance and glycaemic control in diabetic patients. While no significant difference in HbA1c reduction was observed between the PMB and GCN groups, it is important to consider the study findings in the broader context and explore other relevant outcomes to comprehensively evaluate the potential of PMB as an adjunct to dietary counselling for glycaemic control. Furthermore, it is essential to consider secondary outcomes, participant adherence, acceptability, and potential long-term effects when evaluating the overall impact of the PMB intervention. Additional studies with larger sample sizes and longer follow-up periods may provide further insights into the potential benefits or specific subgroups that may derive greater benefit from PMB.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Burapha University Ethical Committee with project ID HS014/2564. The patients/participants provided their written informed consent to participate in this study.



Author contributions

CN mentored CS-L and contributed her time to provide advice including the conception and design of this research. The intervention was set up, participants were recruited, and all parameters were evaluated by T-uM, PC, SS, and PP. Analysis was performed by T-uM, NY, LW, BP, and AD, who also interpreted the data and drafted the manuscript under the supervision of CS-L and CN. T-uM and CS-L had primary responsibility for the final content, which was read and approved by all authors.



Funding

This research project was supported by the Faculty of Allied Health Science, Burapha University (grant no. AHS04/2564).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The reviewer LN declared a shared parent affiliation with the authors NY, LW, CN to the handling editor at time of review.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1216753/full#supplementary-material



References

 1. ElSayed,NA, Aleppo,G, Aroda,VR, Bannuru,RR, Brown,FM, Bruemmer,D , et al. Summary of revisions: standards of care in diabetes—2023. Diabetes Care. (2023) 46:S5–9. doi: 10.2337/dc23-Srev 

 2. Al-Mountashiri,NA, Al-Zhrani,AM, Ibrahim,SFH, and Mirghani,HO. Dietary habits, physical activity and diabetes perception among patients with type 2 diabetes mellitus in Tabuk City. Saudi Arabia Electron Phys. (2017) 9:5179–84. doi: 10.19082/5179 

 3. Tan,E, Khoo,J, Gani,LU, Malakar,RD, Tay,TL, Tirukonda,PS , et al. Effect of multidisciplinary intensive targeted care in improving diabetes mellitus outcomes: a randomized controlled pilot study – the integrated Diabetes education, awareness and lifestyle modification in Singapore (IDEALS) program. Trials. (2019) 20:549. doi: 10.1186/s13063-019-3601-3

 4. Taïeb,A, Gaëlle,L, Roxane,D, Perrine,W, Marion,A, Fleur,B , et al. Efficiency of a multidisciplinary team care approach through a short hospitalization of patients with poorly controlled diabetes mellitus: a 12 months prospective monocentric study. Pan Afr Med J. (2022) 41:192. doi: 10.11604/pamj.2022.41.192.23965

 5. Yin,L, Zhang,D, Ren,Q, Su,X, and Sun,Z. Prevalence and risk factors of diabetic retinopathy in diabetic patients: a community based cross-sectional study. Medicine. (2020) 99:e19236. doi: 10.1097/MD.0000000000019236 

 6. Ingsathit,A, Thakkinstian,A, Chaiprasert,A, Sangthawan,P, Gojaseni,P, Kiattisunthorn,K , et al. Prevalence and risk factors of chronic kidney disease in the Thai adult population: Thai SEEK study. Nephrol Dial Transplant. (2010) 25:1567–75. doi: 10.1093/ndt/gfp669 

 7. Feldman,EL, Callaghan,BC, Pop-Busui,R, Zochodne,DW, Wright,DE, Bennett,DL , et al. Diabetic neuropathy. Nat Rev Dis Primers. (2019) 5:42. doi: 10.1038/s41572-019-0097-9 

 8. Mathew,TK, and Tadi,P. Blood glucose monitoring. Treasure Island, FL: StatPearls Publishing LLC (2022).

 9. Gvozdanović,Z, Farčić,N, Placento,H, Lovrić,R, Dujmić,Ž, Jurić,A , et al. Diet education as a success factor of glycemia regulation in diabetes patients: a prospective study. Int J Environ Res Public Health. (2019) 16:4003. doi: 10.3390/ijerph16204003 

 10. Borse,SP, Chhipa,AS, Sharma,V, Singh,DP, and Nivsarkar,M. Management of Type 2 Diabetes: current strategies, unfocussed aspects, challenges, and alternatives. Med Princ Pract. (2021) 30:109–21. doi: 10.1159/000511002 

 11. Sami,W, Ansari,T, Butt,NS, and Hamid,MRA. Effect of diet on type 2 diabetes mellitus: a review. Int J Health Sci. (2017) 11:65–71.

 12. Forouhi,NG, Misra,A, Mohan,V, Taylor,R, and Yancy,W. Dietary and nutritional approaches for prevention and management of type 2 diabetes. BMJ. (2018) 361:k2234. doi: 10.1136/bmj.k2234

 13. Evert,AB, Dennison,M, Gardner,CD, Garvey,WT, Lau,KHK, MacLeod,J , et al. Nutrition therapy for adults with diabetes or prediabetes: a consensus report. Diabetes Care. (2019) 42:731–54. doi: 10.2337/dci19-0014 

 14. Meade,LT, and Rushton,WE. Accuracy of carbohydrate counting in adults. Clin Diabetes. (2016) 34:142–7. doi: 10.2337/diaclin.34.3.142 

 15. Chiavaroli,L, Lee,D, Ahmed,A, Cheung,A, Khan,TA, Blanco,S , et al. Effect of low glycaemic index or load dietary patterns on glycaemic control and cardiometabolic risk factors in diabetes: systematic review and meta-analysis of randomised controlled trials. BMJ. (2021) 374:n1651. doi: 10.1136/bmj.n1651

 16. Steenhuis,I, and Poelman,M. Portion size: latest developments and interventions. Curr Obes Rep. (2017) 6:10–7. doi: 10.1007/s13679-017-0239-x 

 17. Jacobsen,SS, Vistisen,D, Vilsbøll,T, Bruun,JM, and Ewers,B. The quality of dietary carbohydrate and fat is associated with better metabolic control in persons with type 1 and type 2 diabetes. Nutr J. (2020) 19:125. doi: 10.1186/s12937-020-00645-6 

 18. Camelon,KM, Hådell,K, Jämsén,PT, Ketonen,KJ, Kohtamäki,HM, Mäkimatilla,S , et al. The plate model: a visual method of teaching meal planning. DAIS project group. Diabetes atherosclerosis intervention study. J Am Diet Assoc. (1998) 98:1155–8. doi: 10.1016/S0002-8223(98)00267-3

 19. Jia,SS, Liu,Q, Allman-Farinelli,M, Partridge,SR, Pratten,A, Yates,L , et al. The use of portion control plates to promote healthy eating and diet-related outcomes: a scoping review. Nutrients. (2022) 14:892. doi: 10.3390/nu14040892 

 20. Hughes,JW, Goldstein,CM, Logan,C, Mulvany,JL, Hawkins,MAW, Sato,AF , et al. Controlled testing of novel portion control plate produces smaller self-selected portion sizes compared to regular dinner plate. BMC Obes. (2017) 4:30. doi: 10.1186/s40608-017-0167-z 

 21. Jayawardena,R, Swarnamali,H, Ranasinghe,P, and Hills,AP. Impact of portion-control plates (PCP) on weight reduction: a systematic review and meta-analysis of intervention studies. Obes Res Clin Pract. (2021) 15:106–13. doi: 10.1016/j.orcp.2021.01.008

 22. de Korne,DF, Malhotra,R, Lim,WY, Ong,C, Sharma,A, Tan,TK , et al. Effects of a portion design plate on food group guideline adherence among hospital staff. J Nutr Sci. (2017) 6:e60. doi: 10.1017/jns.2017.60 

 23. Greer,B, Burney,J, and Vineyard,M. SP734 dietary guidelines 2010-selected messages for consumers. Food Nutr Food Safety. (2011) 52:11–17.

 24. Uruakpa,FO, Moeckly,BG, Fulford,LD, Hollister,MN, and Kim,S. Awareness and use of MyPlate guidelines in making food choices. Proc Food Sci. (2013) 2:180–6. doi: 10.1016/j.profoo.2013.04.026

 25. Health THCSoP. Healthy eating plate. (2022) Available at: https://www.hsph.harvard.edu/nutritionsource/healthy-eating-plate/

 26. Watanasin,R. Central Thai food culture and acculturation during world war ii and the Vietnam war. Manusya J Hum. (2020) 23:205–23. doi: 10.1163/26659077-02302004

 27. Krzyżowska,S, Matejko,B, Małecki,MT, and Klupa,T. The effect of intentional underestimation of the food carbohydrate content and other diet-related negligence on glycaemic patterns in patient utilizing the loop-based do-it-yourself artificial pancreas systems. Curr Top Diabetes. (2022) 2:131–4.

 28. Marques,AM, Linhares,BS, Dias Novaes,R, Freitas,MB, Sarandy,MM, and Gonçalves,RV. Effects of the amount and type of carbohydrates used in type 2 diabetes diets in animal models: a systematic review. PLoS One. (2020) 15:e0233364. doi: 10.1371/journal.pone.0233364

 29. Rajput,SA, Ashraff,S, and Siddiqui,M. Diet and management of type II diabetes mellitus in the United Kingdom: a narrative review. Diabetology. (2022) 3:72–8. doi: 10.3390/diabetology3010006

 30. Seidelmann,SB, Claggett,B, Cheng,S, Henglin,M, Shah,A, Steffen,LM , et al. Dietary carbohydrate intake and mortality: a prospective cohort study and meta-analysis. Lancet Public Health. (2018) 3:e419–28. doi: 10.1016/S2468-2667(18)30135-X 

 31. Pedersen,SD, Kang,J, and Kline,GA. Portion control plate for weight loss in obese patients with type 2 diabetes mellitus: a controlled clinical trial. Arch Intern Med. (2007) 167:1277–83. doi: 10.1001/archinte.167.12.1277 

 32. Barnard,ND, Levin,SM, Gloede,L, and Flores,R. Turning the waiting room into a classroom: weekly classes using a vegan or a portion-controlled eating plan improve diabetes control in a randomized translational study. J Acad Nutr Diet. (2018) 118:1072–9. doi: 10.1016/j.jand.2017.11.017 

 33. Charan,J, and Biswas,T. How to calculate sample size for different study designs in medical research? Indian J Psychol Med. (2013) 35:121–6. doi: 10.4103/0253-7176.116232 

 34. Bennett,JA. The consolidated standards of reporting trials (CONSORT): guidelines for reporting randomized trials. Nurs Res. (2005) 54:128–32. doi: 10.1097/00006199-200503000-00007 

 35. Douglas,SM, and Leidy,HJ. Novel methodological considerations regarding the use of visual analog scale (VAS) appetite questionnaires in tightly controlled feeding trials. Curr Dev Nutr. (2019) 3:nzz061. doi: 10.1093/cdn/nzz061

 36. Hammond,L, Morello,O, Kucab,M, Totosy de Zepetnek,JO, Lee,JJ, Doheny,T , et al. Predictive validity of image-based motivation-to-eat visual analogue scales in normal weight children and adolescents aged 9&ndash;14 years. Nutrients. (2022) 14:636. doi: 10.3390/nu14030636

 37. Kittisakmontri,K, Lanigan,J, Sangcakul,A, Tim-Aroon,T, Meemaew,P, Wangaueattachon,K , et al. Comparison of 24-hour recall and 3-Day food records during the complementary feeding period in Thai infants and evaluation of plasma amino acids as markers of protein intake. Nutrients. (2021) 13:653. doi: 10.3390/nu13020653

 38. Wansink,B. Can package size accelerate usage volume? J Mark. (1996) 60:1–14. doi: 10.1177/002224299606000301

 39. Gray,A, and Threlkeld,RJ. Nutritional recommendations for individuals with diabetes. In: KR Feingold, B Anawalt, A Boyce, G Chrousos, WW HerderDe, and K Dhatariya, et al., Eds. Endotext. South Dartmouth, MA: MDText.com, Inc. (2000).

 40. Khaw,KT, Wareham,N, Luben,R, Bingham,S, Oakes,S, Welch,A , et al. Glycated haemoglobin, diabetes, and mortality in men in Norfolk cohort of european prospective investigation of cancer and nutrition (EPIC-Norfolk). BMJ. (2001) 322:15–8. doi: 10.1136/bmj.322.7277.15 

 41. Sherwani,SI, Khan,HA, Ekhzaimy,A, Masood,A, and Sakharkar,MK. Significance of HbA1c test in diagnosis and prognosis of diabetic patients. Biomark Insights. (2016) 11:95–104. doi: 10.4137/BMI.S38440

 42. Gummesson,A, Nyman,E, Knutsson,M, and Karpefors,M. Effect of weight reduction on glycated haemoglobin in weight loss trials in patients with type 2 diabetes. Diabetes Obes Metab. (2017) 19:1295–305. doi: 10.1111/dom.12971

 43. Skytte,MJ, Samkani,A, Petersen,AD, Thomsen,MN, Astrup,A, Chabanova,E , et al. A carbohydrate-reduced high-protein diet improves HbA1c and liver fat content in weight stable participants with type 2 diabetes: a randomised controlled trial. Diabetologia. (2019) 62:2066–78. doi: 10.1007/s00125-019-4956-4 

 44. Russell,WR, Baka,A, Björck,I, Delzenne,N, Gao,D, Griffiths,HR , et al. Impact of diet composition on blood glucose regulation. Crit Rev Food Sci Nutr. (2016) 56:541–90. doi: 10.1080/10408398.2013.792772

 45. Va,T, KhKh,S, Oa,P, Is,V, Aa,K, Krul,E , et al. Innovative approaches in the development of specialized food products of optimized composition for patients with type 2 diabetes. J Diabetes Metab. (2016) 7:7. doi: 10.4172/2155-6156.1000711

 46. Gannon,MC, Nuttall,FQ, Saeed,A, Jordan,K, and Hoover,H. An increase in dietary protein improves the blood glucose response in persons with type 2 diabetes. Am J Clin Nutr. (2003) 78:734–41. doi: 10.1093/ajcn/78.4.734

 47. Grammatikopoulou,MG, and Goulis,DG. Medical nutrition therapy in diabetes mellitus: new insights to an old problem. Nutrients. (2022) 14:698. doi: 10.3390/nu14030698 

 48. Asif,M. The prevention and control the type-2 diabetes by changing lifestyle and dietary pattern. J Educ Health Promot. (2014) 3:1. doi: 10.4103/2277-9531.127541

 49. Draznin,B, Aroda,VR, Bakris,G, Benson,G, Brown,FM, Freeman,R , et al. 16. Diabetes care in the Hospital: standards of medical Care in Diabetes-2022. Diabetes Care. (2022) 45:S244–53. doi: 10.2337/dc22-S016

 50. Wheeler,ML, Dunbar,SA, Jaacks,LM, Karmally,W, Mayer-Davis,EJ, Wylie-Rosett,J , et al. Macronutrients, food groups, and eating patterns in the management of diabetes: a systematic review of the literature, 2010. Diabetes Care. (2012) 35:434–45. doi: 10.2337/dc11-2216 

 51. Donin,AS, Nightingale,CM, Owen,CG, Rudnicka,AR, Jebb,SA, Ambrosini,GL , et al. Dietary energy intake is associated with type 2 diabetes risk markers in children. Diabetes Care. (2014) 37:116–23. doi: 10.2337/dc13-1263 

 52. Wheatley,SD, Deakin,TA, Arjomandkhah,NC, Hollinrake,PB, and Reeves,TE. Low carbohydrate dietary approaches for people with type 2 diabetes-a narrative review. Front Nutr. (2021) 8:687658. doi: 10.3389/fnut.2021.687658 

 53. Haimoto,H, Sasakabe,T, Wakai,K, and Umegaki,H. Effects of a low-carbohydrate diet on glycemic control in outpatients with severe type 2 diabetes. Nutr Metab. (2009) 6:21. doi: 10.1186/1743-7075-6-21 

 54. Unwin,D, and Unwin,J. Low carbohydrate diet to achieve weight loss and improve HbA1c in type 2 diabetes and pre-diabetes: experience from one general practice. Pract Diabetes. (2014) 31:76–9. doi: 10.1002/pdi.1835

 55. Snorgaard,O, Poulsen,GM, Andersen,HK, and Astrup,A. Systematic review and meta-analysis of dietary carbohydrate restriction in patients with type 2 diabetes. BMJ Open Diabetes Res Care. (2017) 5:e000354. doi: 10.1136/bmjdrc-2016-000354 

 56. Singh,M, Hung,ES, Cullum,A, Allen,RE, Aggett,PJ, Dyson,P , et al. Lower carbohydrate diets for adults with type 2 diabetes. Br J Nutr. (2022) 127:1352–7. doi: 10.1017/S0007114521002373

 57. Feinman,RD, Pogozelski,WK, Astrup,A, Bernstein,RK, Fine,EJ, Westman,EC , et al. Dietary carbohydrate restriction as the first approach in diabetes management: critical review and evidence base. Nutrition. (2015) 31:1–13. doi: 10.1016/j.nut.2014.06.011

 58. Masuda,K, Aoki,K, Kawaguchi,J, Yamakawa,T, Matsuba,I, and Terauchi,Y. Effect of caloric intake 25 or 30 kcal/kg/day on the glycemic control in obese patients with type 2 diabetes. J Clin Med Res. (2013) 5:368–75. doi: 10.4021/jocmr1488w

 59. Uliana,GC, Carvalhal,MML, Berino,TN, Reis,AL, Felício,KM, Felício,JS , et al. Adherence to carbohydrate counting improved diet quality of adults with type 1 diabetes mellitus during social distancing due to COVID-19. Int J Environ Res Public Health. (2022) 19:9776. doi: 10.3390/ijerph19169776 

 60. Vargas-Alvarez,MA, Navas-Carretero,S, Palla,L, Martínez,JA, and Almiron-Roig,E. Impact of portion control tools on portion size awareness, choice and intake: systematic review and meta-analysis. Nutrients. (2021) 13:1978. doi: 10.3390/nu13061978 

 61. Melanson,KJ, Summers,A, Nguyen,V, Brosnahan,J, Lowndes,J, Angelopoulos,TJ , et al. Body composition, dietary composition, and components of metabolic syndrome in overweight and obese adults after a 12-week trial on dietary treatments focused on portion control, energy density, or glycemic index. Nutr J. (2012) 11:57. doi: 10.1186/1475-2891-11-57

 62. Vad Andersen,B, and Hyldig,G. Food satisfaction: integrating feelings before, during and after food intake. Food Qual Prefer. (2015) 43:126–34. doi: 10.1016/j.foodqual.2015.03.004

 63. Amin,T, and Mercer,JG. Hunger and satiety mechanisms and their potential exploitation in the regulation of food intake. Curr Obes Rep. (2016) 5:106–12. doi: 10.1007/s13679-015-0184-5 

 64. Angelopoulos,T, Kokkinos,A, Liaskos,C, Tentolouris,N, Alexiadou,K, Miras,AD , et al. The effect of slow spaced eating on hunger and satiety in overweight and obese patients with type 2 diabetes mellitus. BMJ Open Diabetes Res Care. (2014) 2:e000013. doi: 10.1136/bmjdrc-2013-000013 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Optimising blood glucose control with portioned meal box in type 2 diabetes mellitus patients: a randomised control trial



		1. Introduction



		2. Materials and methods



		2.1. Study design and participants



		2.2. Sample size calculation



		2.3. Ethical considerations



		2.4. Study protocol



		2.5. Portioned meal box



		2.6. Study parameters



		2.7. Statistical analysis









		3. Results



		3.1. Baseline characteristics



		3.2. Energy, carbohydrate, protein and fat intake in GCN and PMB



		3.3. Effect of GCN and PMB on FBG and HbA1c



		3.4. Effect of GCN and PMB on body compositions



		3.5. Relationship among the number of PMB usages, HbA1c levels and body compositions



		3.6. Evaluation of satisfaction, hunger and satiety levels after receiving diet from GCN and PMB









		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Optimising blood glucose control
with portioned meal box in type 2
diabetes mellitus patients: a
randomised control trial












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






OPS/images/fnut-10-1216753-t001.jpg
Baseline parameters Group

Control (n =25) Intervention (n = 25)
Age (years) 574%83 548+73 0.236
Sex [female (%)/male (%)] 16 (64)/9 (36) 18.(72)/7 (28) 0554
BW (kg) 69.6483 7792183 0073
He (cm) 160.0£8.6 160087 0.909
BMI (kg/m?) 269442 300462 0.050
FBG (mg/dL) 15044525 14514352 0,678
HbAIC (mmol/mol) 65.948.4 67715 0,605
PBE (%) 341£7.9 385576 0050
SMM (kg) 249453 262456 0417
WHR 09207 09:0.1 0.280
VFL 13241 135252 0,095
TBW (kg) 332461 330£64 0901

Data are expressed as mean D, BW, body weight; Ht, height; BMI, body mass index; FBG, asting blood glucoses HbA L, haemoglobin Al; PBE percent body fat; SMM, seletal muscle
mass; WHR, waist to hip ratio; VFL, visceral fat level; TBW, total body water.





OPS/images/fnut-10-1216753-t002.jpg
Parameters 6th week 12th week

Values p-value Differences (baseline- Values p-value
6th week)
Control  Intervention Control  Intervention Control  Intervention Control  Intervention
BW (kg) 6924129 7742182 0576 ~06+1.8 ~0509 0.829 685+125 76.9+18.2% 0549 —L134 ~10£18' 0.855
BMI (kg/m?) 267£42 298:6.1% 0.603 -0220.7 ~02203 0.807 265£40 296162 0545 ~04212 ~04£07' 0797
FBG (mg/dL) 145.0+44.4 14435303 0754 ~5.0+29.3 ~0.8+30.7 0.611 139.0£44.1 145.0+34.1 0438 —1142478 ~001£395 0376
HbALC (mmol/mol) | 60.0+11.2% 616+14.9% 0.987 -597.4 ~6.183 0.898 58.2:10.9% 57.6+11.9% 0848 ~84288' ~95£137 0677
PBE (%) 332482 38.1£85 079 ~09£23 ~04£28 0.483 31479 37.6£84 0855 —10227 ~09+23 0.849
SMM (kg) 25053 257452 0.239 +0.1£0.9 ~05£18 0.146 250456 25852 0183 00214 ~04x14 0178
WHR 0884006 0912007 0082 ~002£0.04 0.00£0.01 on 0.87£0.05% 090007 0077 ~0.03£0.04' ~001£002 0.092
VFL 108240% 134254 0.16 ~05£1.0 ~0.1£07 0.067 105240% 132256 0332 ~08£15 ~03£10 0.168
TBW (kg) 354£112 346462 0.406 ~03£17 ~0.1£07 0.694 3545110 345562 0411 ~03219 ~02£13 0701

Al data are expressed as mean:+SD. Analysed by ANCOVA adjusted for PBE and BMI (comparison between group) and paired sample t-test (comparison within group). * Statisticaly significant difference of each parameter from baseline (p<0.05), within the group.
“Statisicall significant difference from the baseline-6th week change (p<0.05), within the group. BW; body weight; BMI, body mass index; FBG, fasting blood glucose; HbA L, haemoglobin Al PBE percent body fat; SMM, skeletal muscle mass; WHR, waist to hip
ratio; VEL, visceral fat level; TBW, total body water.





OPS/images/fnut-10-1216753-g002.jpg
2000 100-
% 80-
2 1500 _
] i
g
£ 2 3 6
£ a a =
£ 1000 H a i
> £ w0 A
g i :
s &
& 500 »
0 T 0
Baseline 6 weeks 12 weeks. Baseline 6 weeks 12 weeks
D
250- 100-
3 200 w0
2 g
¢ 3
H Cl
§ 150 60
H 2
e q ]
g £
£ 100 £ a0
3
i
2 &
6 50- 20
o o - T T
Baseline 6 weeks. 12 weeks Baseline 6 weeks 12 weeks

O control

@ intervention





OPS/images/fnut-10-1216753-g003.jpg
>

Fasting blood glucose (mg/dL)

°

w
o
7

w
S
i

Skeletal muscle mass (kg)
NN
S 9

2 @
3 3
i T

~
S

HbA1c (mmol/mol)
<

@
3
T

2
3

o

Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks

504

404

ab
ab

)
Percent body fat (%)

Visceral fat level

T T T o T T T
Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks

Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks

O control @ intervention





OPS/images/fnut-10-1216753-t003.jpg
Variations PMB used 0-3 days/week PMB used 4-7 days/week
2)

(n=13) (n

Difference (mean + SD) Difference (mean + SD)
FBG (mg/dL)
Baseline-6 weeks 41342260 ~1612288 0.014%
Baseline-12weeks 41462413 ~159£320 0.049%
6-12vecks +124374 402292 0922
HbAIC (mmol/mol)
Baseline-6 weeks ~26+4.1 ~135£104 0.021%
Baseline-12weeks ~28+60 ~238£150 0.000%
6-12vecks ~02£37 ~103£13.0 0.006*
BW (kg)
Baseline-6 weeks ~03£10 ~07+07 0204
Baseline-12weeks ~04£20 —16%14 o115
6-12weeks ~02£12 ~08+08 o1n
BMI (kg/m?)
Baseline-6 weeks ~0.1204 ~03203 0182
Baseline-12weeks ~02207 ~0620.5 0.107
6-12weeks ~0.1205 ~03203 0115
PBE (%)
Baseline-6 weeks 103236 —12£12 0163
Baseline-12weeks ~03£26 ~15£19 0207
6-12vecks ~07%30 ~03£15 0671
WHR
Baseline-6 weeks ~001£0.02 000002 0172
Baseline-12weeks 000003 +0.01£003 0128
6-12weeks ~001£0.02 +001£002 0.066
SMM (kg)
Baseline-6 wecks ~1074234 +0.12£076 0.108
Baseline- 12 weeks ~080£1.75 40022070 0146
6-12wecks +026£159 ~010£0.73 0462
VFL
Baseline-6 wecks ~02:04 0009 0413
Baseline-12weeks ~03£10 ~03£1.1 0892
6-12vecks ~0.1£06 ~03£05 0441
TBW (kg)
Baseline-6 weeks ~007£0.77 ~021£0.69 0628
Baseline-12weeks ~009£1.53 ~023£1.08 0791
6-12weeks ~002£0.76 ~002£0.46 099

Analysed by independent sample I-tst. * Statistically significant difference between groups (p<0.05). A positive or negative value showed augmentation or reduction of the variable during
each period. BW, body weight; BMI, body mass index; FBG, fasting blood glucose; HbAIc, haemoglobin A1; PBE, percent body fat; SMIM, skeletal muscle mass; WHR, waist to hip ratio; VFL,
sceral fat level; TBW, total body water.






OPS/images/fnut-10-1216753-t004.jpg
Hunger and satiety Control (n =25) Intervention (n = 25)

levels

Immediately 3h after Immediately 3h after
1. How hungry do you feel? 33506 33506 3415 35512
2. How full do you feel? 43215 43215 48213 36213*
3. How invigorated do you feel? 50210 50210 49515 48516
4. How much do you think 37406 37506 34516 36£09

you could cat now?

5. How much do you feel an urge 33512 33512 33512 3511

toeat?

6. How much are you preoccupi 23515 23515 25512 28512

with thoughts of food?

Analysed by paired sample t-test. * Statistically significant difference within groups (p<0.05). Each question was scored on a scale from 1 to 7, indicating low and high fecling, respectively.





OPS/images/fnut-10-1216753-e001.jpg
2
n/ group =[(Zs/2+ 2:) SD/ AMean |

=[(1.96+0842)097/0.58]
= 23individuals / group





OPS/images/fnut-10-1216753-g001.jpg
Assessed for eligibility at out-patient
Enroliment ‘ department (OPD) on diabetes mellitus ‘
(n=2323)
Excluded (n=2267);
1975 did not meet inclusion criteria
292 declined to participate
‘ Randomly assigned by coded (AB) block ‘
randomization table (n=56)
i
L 2 L 2
28 allocated to portioned meal box:
Allocation

carbohydrate portion control concept by using || the box was set by energy requirements, including
food exchange lists 1,400, 1,600 or 1,800 keal/day

28 allocated to general counselling in nutrition: ‘

i 3

ETTr Daly food record and Daily food record and
B 8 telephone weekly telephone weekly

¥ 2

Follow-up [ 3lost to follow-up. ) 3 lostto follow-up

i 4

Analysis | 25 analysed )( 25 analysed






