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Introduction: Weight-loss strategies through meal replacements are effective and sustainable options. However, few studies have assessed their effects on weight loss including body composition through protein-supplemented meal replacements targeting the Asian population, including Koreans. This study aimed to assess the effectiveness and safety of a protein-supplemented very-low-calorie diet (PSVLCD) for weight reduction and changes in body composition in individuals with obesity over a 12-month long-term period.

Methods: In total, 106 participants with obesity were randomly assigned to a PSVLCD or control group (food-based calorie-restricted diet). Body weight, waist circumference, body composition, and blood marker levels were measured throughout the study. Statistical analyses were performed to compare outcomes between the groups.

Results: Among the 106 participants, 84 completed the 12-month follow-up. Intention-to-treat analysis showed that the mean weight loss from baseline to 12 months was −6.86 kg (8.21% of baseline weight) in the PSVLCD group and − 4.66 kg (5.47% of initial body weight) in the control group; the difference was −2.20 kg with a marginally significant interval (95% confidence interval [CI], −4.90; 0.50). Waist circumference (−8.35 cm vs. -4.85 cm; mean difference, −3.49 cm; 95% CI, −6.48 to −0.50) and visceral fat area (−28.28 cm2 vs. −13.26 cm2; mean difference, −15.03cm2; 95% CI, −29.01 to −1.04) also significantly decreased in the PSVLCD group at 12 months.

Discussion: The PSVLCD group demonstrated a substantial initial reduction in waist circumference that was sustained over the study period, alongside a marginally significant decrease in weight. These findings suggest that a protein-supplemented very-low-calorie diet may be an effective strategy for long-term weight management and body composition improvement in individuals with obesity.

Clinical trial registration: ClinicalTrials.gov, identififer NCT04597788.
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1 Introduction

Obesity, defined as abnormal fat accumulation and classified as a chronic disease, has been a major global health challenge (1). It is a significant risk factor for diabetes, cardiovascular diseases, and several types of cancers (2). In South Korea, the prevalence of obesity, defined as a body mass index (BMI) of >25 kg/m2 (3), has steadily increased from 29.7% in 2009 to 32.5% in 2018. Remarkably, a sharp increase in obesity, especially class 2 obesity, defined as a BMI of >35 kg/m2, has been observed among children, adolescents, and young adults (2). According to the Korean Society for the Study of Obesity guidelines, lifestyle interventions, including a low-calorie diet with moderate physical activities, are the cornerstone for its management (2). However, these interventions cannot be easily implemented in many clinics or hospitals because of time constraints and insurance coverage issues. The healthcare insurance system in South Korea does not adjust medical fees based on the complexity or duration of medical services provided. Consequently, healthcare providers do not receive additional compensation for spending extra time with patients.

Meal replacements can help manage obesity as they help in significantly reducing body weight, BMI, body fat, fasting glucose, glycated hemoglobin (HbA1c), and systolic and diastolic blood pressures (BPs) in patients with type 2 diabetes and obesity (4). In a meta-analysis, Astbury et al. reported that meal replacement resulted in a significant difference of −1.44 kg compared with other diets. When meal replacement was used with support such as dietary advice and other behavioral strategies, the difference was −2.22 kg compared with other diets with support and − 3.87 kg compared with other unsupported diets. In addition, when high-level support, such as customized counseling for patients, was added at 2-week intervals, the difference between diet with meal replacements and regular support was −6.13 kg, and the effect was maintained for up to 1 year; this suggested that meal replacement with support is a useful method for weight loss and maintenance (5).

Very-low-calorie diets (VLCDs, <900 kcal/day) (6) using total diet replacements such as soups and shakes have proven beneficial for weight loss and diabetes remission for at least 2 years among people with obesity and type 2 diabetes (7, 8). Previous research has proven the possibility of successful primary care-led weight management programs and long-term remission of diabetes achieved by non-pharmacological, nonsurgical treatments. However, there have also been concerns regarding the adverse effects of VLCD, including a decrease in skeletal muscle mass (9). Some successful strategies for ameliorating this concern are protein supplementation and physical exercise (10). Several meta-analyses have assessed the effects of high-protein diets on weight and body fat loss. In a short-term study of <1 year, high-protein diets containing 16–45% of protein for daily intake were associated with greater weight loss, reduced fat mass, and/or lean mass preservation compared with normal diets containing 5–23% protein (11, 12). In a long-term study of >1 year, a high-protein diet resulted in greater weight loss and body fat loss than a normal protein diet (13, 14). A high-protein diet can also be a successful strategy to help prevent and treat obesity because it increases satiety and reduces weight and fat mass compared with standard protein diets (15). Although this difference seemed to be attenuated after 1 year, partly owing to decreased dietary adherence, several studies have suggested that a higher increase in dietary protein intake was associated with greater long-term weight loss at 2 years (16).

Weight-loss strategies through protein-supplemented meal replacements are effective and sustainable options; however, there have been limited studies conducted on populations in East Asia, including among Koreans who have different obesity standards compared with Western populations, to investigate the effects on weight loss and long-term weight management. Most studies using meal replacements were conducted over a relatively short-term period of 12 weeks (17–19); one study with a 1-year duration showed average weight loss of −1.75 kg in intervention group through improvements in glucose levels of the participants (20). Thus, this study aimed to evaluate the effectiveness and safety of protein-supplemented VLCD with a stepped food reintroduction program on body weight reduction and body composition changes among people with obesity in Korea.



2 Materials and methods


2.1 Participants and study materials

This study was conducted between December 2020 and October 2022 at two tertiary hospitals in South Korea. The reporting in this study aligned with the Consolidated Standards of Reporting Trials reporting guidelines.

Eligible trial participants were randomly assigned to an intervention group (consisting of a 4-month protein-supplemented VLCD followed by an 8-month low-calorie diet with 1 week per month of intermittent VLCD using meal replacements) or a control group (consisting of daily food-based calorie restriction diet for 12 months). The PSVLCD was selected based on previous research demonstrating its effectiveness in rapid weight loss and maintenance of lean mass (21). The combination of a low-calorie diet with intermittent VLCD was included to assess long-term weight maintenance and improvements in metabolic health (22). Randomization stratified by sex, age group (≥65 years vs. <65 years), and BMI group (≥30 kg/m2 vs. <30 kg/m2) was generated using a random number generator by the study coordinator. For the stratification process, a BMI cutoff of 30 was used to define severe obesity. Stratifying participants by age (<65 years vs. ≥65 years) was based on the need to differentiate between younger and older adults, who may have different metabolic profiles, in accordance with the World Health Organization (WHO) definition of elderly (65 years and older).

Participants eligible for the study were men and women aged 19–70 years with obesity (BMI: 25–39.9 kg/m2) or who were overweight (BMI: 23–24.9 kg/m2) with abdominal obesity, defined by waist circumference greater than 85 cm for women and greater than 90 cm for men, according to the Asia-Pacific obesity diagnostic criteria and Korean guideline (23). Recruitment was conducted through local flyers and advertisements.

Inclusion criteria:

• Men and women aged 19–70 years

• BMI of 25–39.9 kg/m2 (obesity)

• BMI of 23–24.9 kg/m2 (overweight) with abdominal obesity (waist circumference > 85 cm for women, >90 cm for men)

Exclusion criteria:

• Weight changes of ±5% within the past 6 months

• Participation in any weight-loss program 6 months prior to screening

• Use of medications that could affect weight (weight-loss drugs: orlistat, lorcaserin, liraglutide, phentermine, topiramate, bupropion, naltrexone; steroid hormones; other dietary supplements)

• Prescriptions for medications that could cause hypoglycemia (e.g., insulin, sulfonylurea)

• Pregnant or lactating within the past 12 months or planning to become pregnant

• Diagnosis of an eating disorder, alcohol use disorder, or uncontrolled mood disorder

• Chronic renal failure (defined by an estimated glomerular filtration rate < 30 mL/min)

• Diagnosis of gallstones



2.2 Exercise control and physical activity assessment

Participants were encouraged to increase their physical activity to up to 30 min of moderate-intensity exercise at least five times a week and to perform two resistance exercises per week. However, physical activities were not supervised or monitored for feedback. To estimate the physical activity levels of the participants, we utilized the Global Physical Activity Questionnaire (GPAQ), developed by the WHO. The GPAQ is a validated tool designed to assess physical activity across various domains, including work, transport, and leisure, as well as sedentary behavior. The GPAQ collects data on the frequency (days per week), duration (minutes per day), and intensity of physical activities. These activities are then converted into Metabolic Equivalent of Task (MET) minutes per week to quantify the participants’ total physical activity levels. The analysis of GPAQ data was conducted following the guidelines provided in the GPAQ Analysis Guide by the WHO. The energy expenditure for each participant was estimated based on their reported physical activities, providing a comprehensive view of their overall physical activity patterns.

All participants provided written informed consent before participating in the study. All research procedures conducted in this trial were in accordance with a protocol approved by the Institutional Review Board (IRB) of Seoul National University Bundang Hospital (IRB No. B-2004-604-003) as well as by Seoul National University Hospital (IRB No. 2106–004 -1223) and adhered to the Declaration of Helsinki.

Participants who were randomized to the intervention group were provided meal replacements at every visit free of charge during the entire study period. To ensure blinding, randomization was conducted by the study coordinator using a random blind number generator. This process stratified participants by sex, age group (≥65 years vs. <65 years), and BMI group (≥30 kg/m2 vs. <30 kg/m2). Blinding was maintained throughout the study duration to prevent bias in the allocation of interventions and data collection. However, it should be noted that blinding between the intervention and control groups was not feasible in this study. The control group did not receive the protein supplement. The meal replacements comprised three sachets daily for women and four sachets daily for men for the initial total replacement, and no participants reported any allergic reactions to the sachets. One sachet of meal replacement included 20 g of protein (20 g of isolated soy protein), 2.4 g of mixed grain powder, multivitamin powder with a total of 110 kcal, and three different flavors (sweet pumpkin, caramel, and jujube). These protein-supplemented meal replacements were recommended to be consumed as mixed with 200 mL of low-fat milk, fat-free milk, or soymilk (approximately 5–6 g of protein) to give 25 g protein and 200 kcal per sachet. In addition, 25 g of dietary fiber, one tablet of multivitamins, and 1 g of omega-3 with 2000 IU of vitamin D per day were recommended to avoid essential nutrient deficiency during the weight-loss phase. Meal replacements were prepared using Bionutrion® and approved as a functional health food by the Ministry of Food and Drug Safety for this research.



2.3 Study design and intervention

The intervention program included a 4-month weight-loss phase and an 8-month weight-loss maintenance phase. During the weight-loss period, the participants followed an initial total diet replacement with a protein-supplemented very-low-calorie diet (PSVLCD) using meal replacements for 2 weeks, followed by 8 weeks of food reintroduction with two or three meal replacements and 6 weeks of food reintroduction with one or two meal replacements. During the initial weight-loss phase, a protein intake of 1.5 g/kg of body weight per day was prescribed with meal replacements.

All participants were encouraged to submit their daily intake through food photos or lists of the types and amounts of food consumed; additionally, they were provided individual nutritional counseling by registered dietitians at least two times per week through a customized mobile application using the freely available KakaoTalk Channel1 for this study. The counseling focused on the importance of adhering to the structured meal-replacement plan in the initial stages. Dietitians calculated the approximate calorie and protein amounts of the foods from the photos or food lists submitted by participants. Based on this information, recommendations were provided for healthy-eating habits including suggestions for healthy, very-low-calorie meal recommendations in the food reintroduction phase. Monitoring dietary therapy online provides convenience and accessibility to both dietitians and subjects. It enables flexible scheduling, removes geographical barriers, and fosters consistent follow-up and support. In addition, the participants were encouraged to increase their physical activities to up to 30 min of moderate intensity at least five times a week and two resistance exercises per week. However, physical activities were not supervised or monitored for feedback.

When the participants entered the maintenance phase, they were recommended to adhere to a low-calorie food-based diet consisting of 1,200–1,500 kcal per day for women and 1,500–1,800 kcal per day for men. An intermittent PSVLCD using partial meal replacements for 1 week per month was adopted.

If a weight regain of >2 kg occurred, an extension of the intermittent PSVLCD was recommended for 2 weeks per month, and if a weight regain of more than 4 kg occurred, the extension was recommended for 3–4 weeks per month.

The control group was instructed to follow a food-based calorie-restricted diet of 1,500–1,800 kcal per day for men and 1,200–1,500 kcal per day for women according to the Korean Society for the Study of Obesity guidelines (2). Protein was recommended as a food-based recipe at 1 g/kg of the ideal body weight. The participants were encouraged to submit data regarding their daily food intake (by photo or writing a food journal) and weight through the online community application and were provided online education and counseling with dietitians twice per week during the total study period.



2.4 Study outcomes and measurements

The primary outcome was the difference in body weight from baseline to 12 months between the two groups. The secondary outcomes included changes in waist circumference, body fat mass, lean body mass, and cardiometabolic profiles.

Body composition was measured automatically using bioelectrical impedance analysis (BIA, InBody 770; InBody, Seoul, South Korea) at each visit, with the participants in a standing position with light clothing, fasting, and an empty bladder. Impedance was measured for five segments of the body, trunk, right and left arms, and right and left legs. Using the manufacturer’s algorithm, fat and muscle masses of the total body, arms and legs were calculated separately. The visceral fat area values were derived from a regression formula used to measure segmental impedance. We collected the data of skeletal muscle mass, fat mass, percent body fat and visceral fat area, which their accuracies were validated compared with CT scanning (24) and dual-energy X-ray absorptiometry (25).

Body weight was measured using a digital scale to the nearest 0.1 kg, with the participants wearing lightweight clothes. Height was measured barefoot to the nearest 0.1 cm using a stadiometer. Waist circumference was measured using a plastic measuring tape to the nearest 0.1 cm at the midline between the lowest rib margin and the anterior superior iliac spine while standing after a normal expiration. Systolic and diastolic BPs were measured in the seated position using an automated sphygmomanometer (two measurements and an average were obtained). The average systolic and diastolic values were calculated for analysis. The study outcomes were measured at 0, 0.5, 2, 4, 6, 8, 10, and 12 months.

Blood samples after 10 h of fasting were tested to measure fasting glucose, HbA1C, total cholesterol, high-density cholesterol, triglyceride (TG), and low-density cholesterol levels. The levels of aspartate and alanine aminotransferase (AST and ALT), gamma-glutamyl transferase (GGT), and uric acid and eGFR were calculated using the creatinine-based Chronic Kidney Disease Epidemiology Collaboration equation (26). The hepatic steatosis index was derived to screen for nonalcoholic fatty liver disease using the ALT/AST ratio, sex, BMI, and diabetes (27). Insulin resistance was measured using the homeostasis model assessment of insulin resistance (HOMA-IR) (28).

Dual-energy X-ray absorptiometry with Lunar Prodigy Advance (GE Lunar, Madison, WI, United States) was performed to assess the bone mineral density of the entire left hip and anterior–posterior lumbar spine (L1-L4) (29).

The questionnaires completed under the supervision of study coordinators, including the Korean version of the Obesity-related Quality of Life Scale (30), dietary pattern evaluation tool (31), Global Physical Activity Questionnaire (32), Korean version of the Hospital Anxiety and Depression Scale (33), and Korean version of the Pittsburgh Sleep Quality Index (34), were administered at baseline, 4 months, 8 months, and at the end of the study.



2.5 Sample size calculation

We estimated that a target sample size of 106 participants (53 per group) would provide 90% power to detect significant differences between two groups at a 2-sided level of 5% with a 30% dropout rate. The proposed group difference of 4.9 kg in body weight (±6.3) was determined from a previously published meta-analysis and total diet replacement trials for remission of diabetes (7, 8, 15). A meta-analysis showed that VLCD combined with the behavioral program achieved −3.9 kg (95% CI -6.7 to −1.1) reduction compared with the behavioral program only (15). The mean weight loss of VLCD was reported to be −10.3 kg (7–10% of initial weight loss) among people with average BMI of 35–38 kg/m2. In South Korea, the cutoff point of the body mass index for obesity is 25 kg/m2 (2), whereas the baseline BMI in the above studies was 38.2 kg/m2. Furthermore, the duration of VLCD, including total meal replacements, was shorter (4 months vs. 6 months or more) than that in previous studies. Considering a smaller diagnostic cutoff of obesity (BMI 25 kg/m2 vs. BMI 30 kg/m2) and relatively short duration of VLCD, including total meal replacements, we expected smaller weight loss than that reported in previous trials, which was −7.5 kg (SD 7) in the intervention group and − 2.6 kg (SD 5.4) in the control group.

A parallel two-group design was used to test whether the intervention group mean was different from the control mean (H0: μ1 - μ2 = 0 versus H1: μ1 - μ2 ≠ 0). The comparison was made using a two-sided, two-sample, unequal-variance t-test, with a Type I error rate (α) of 0.05. The standard deviation for intervention group assumed to be 7.0 and the standard deviation for control group was assumed to be 5.4. To detect a difference in means of μ1 - μ2 = −7.5 + 2.6 = −4.9 with 90% power, the number of needed subjects was 36 in each group using PASS 15 software (NCSS, Kaysville, Utah, United States).



2.6 Statistical analysis

An intention-to-treat (ITT) analysis was performed to compare longitudinal changes between the intervention and control groups. The ITT analysis included all participants who were originally randomized, had uploaded their food intake data at least once, and had completed the 2-week follow-up visit after randomization. To model the longitudinal data, we used linear mixed-effects models. The fixed effects included the intervention group and time points (0, 0.5, 2, 4, 6, 8, 10, and 12 months for weight, waist circumference, body fat mass, and lean body mass). Participants were included as random effects to account for individual variability and repeated measures over time. The interaction between the group and time was also included in the model to assess differential changes over time between the two groups.

When the p-value for the interaction term between the group and time was less than 0.05, indicating a significant difference in trajectories, post-hoc comparisons between the groups at each time point were conducted using Bonferroni adjustments to correct for multiple comparisons. This adjustment helped to control the family-wise error rate and provided more accurate results. Within-group changes over time were analyzed using repeated-measures linear mixed models. In these models, the intervention group and time were included as fixed effects, while time was treated as a repeated measure. This approach allowed us to account for the correlation of measurements within the same participant over different time points.

Statistical analyses were performed using SAS statistical software (version 9.4; SAS Institute, Cary, NC, United States). Statistical significance was set at a two-sided p-value of <0.05. By providing these additional details and clarifications, we aimed to ensure the transparency and rigor of the statistical methods used in this study.




3 Results


3.1 Participants’ characteristics

The data on the number of participants screened, excluded, randomized, and included in the analysis are shown in Figure 1. A total of 106 participants were randomized to the PSVLCD (n = 53) or control group (n = 53), among whom 84 completed the study. The attrition rate was 17% in the PSVLCD group and < 35% in the control group (p = 0.045). The following results were based on an intention-to-treat analysis of the participants with baseline data.

[image: Figure 1]

FIGURE 1
 Flow of study participants.


The participants had a mean age of 43 ± 10.9 years, a mean weight of 83.4 ± 26.2 kg, a mean BMI of 30.6 ± 4.3 kg/m2, and a mean waist circumference of 99.7 ± 10.3 cm. The main clinical characteristics of the study population are summarized in Table 1. There were no significant differences in demographic and anthropometric measurements, cardiometabolic risk factors, and bone mineral density between the PSVLCD and control groups. The PSVLCD group showed more overeating patterns than the control group. However, there were no significant differences in other dietary patterns, mood, sleep, and obesity-related quality of life.



TABLE 1 Baseline characteristics of all participants.
[image: Table1]



3.2 Changes in body weight and body composition

As shown in Table 2, Supplementary Table S1, and Figures 2, 3, during the 4-month weight-loss phase, the PSVLCD group showed a significant body weight difference from baseline (−7.70 ± 5.33 kg vs. -5.36 ± 4.26 kg p = 0.022), percentage of weight loss from baseline (−9.23 ± 5.67% vs. -6.08 ± 4.45% p = 0.004), and waist circumference reduction (−7.27 ± 4.64 cm vs. -4.40 ± 4.38 cm p = 0.003) compared with the control group. On completion of the study, the participants in the PSVLCD group lost an average of −6.86 ± 6.83 kg, whereas those in the control group lost an average of −4.66 ± 5.50 kg, with a marginally significant difference between the groups (−2.20 kg; 95% CI, −4.9; 0.5). Remarkably, the PSVLCD group achieved a significantly greater reduction in waist circumference (−8.35 ± 7.21 cm vs. −4.85 ± 6.53 cm, p = 0.023) and visceral fat area (−28.28 ± 32.08 cm2 vs. −13.26 ± 23.10 cm2, p = 0.043) than the control group. Regarding cholesterol levels, the PSVLCD group showed a mean baseline total cholesterol level of 200.47 ± 33.75 mg/dL, which slightly increased to 202.56 ± 33.91 mg/dL after 12 months. Similarly, the control group had a mean baseline total cholesterol level of 191.32 ± 35.91 mg/dL, which also slightly increased to 193.54 ± 33.94 mg/dL after 12 months. These changes represent small increases in total cholesterol for both groups, and the differences between groups were not statistically significant (p = 0.980). Percentage of weight loss from baseline in the PSVLCD group reached its lowest point at 8 months, with a reduction of 9.47% (6.22% in control group, p = 0.019). However, this reduction was not maintained at the completion of study, with a reduction of 8.21% (5.47% in control group, p = 0.067). Visceral fat area measured by BIA reached its lowest point at 6 months (−32.28 ± 27.11 cm2 vs. −15.01 ± 22.99 cm2, p = 0.008), followed by slight fluctuations up to 12 months. However, the evaluation at 12 months indicated that the visceral fat area remained significantly lower compared to the control group, demonstrating sustained improvement. We performed the correlation analysis according to gender and the correlation coefficients were 0.538 for men and 0.701 for women. In general, correlation coefficient was 0.687.



TABLE 2 Body weight and body composition with the diet intervention.
[image: Table2]
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FIGURE 2
 Weight and body composition changes in people with obesity during protein-supplemented very-low-calorie-diet program trial.


[image: Figure 3]

FIGURE 3
 Percentage and cumulative percentage of achieving significant weight loss in people with obesity during protein-supplemented very-low-calorie-diet program trial.


The authors additionally evaluated whether these trends were consistently observed across different BMI groups and genders through stratified analyses. Unfortunately, the reduction in the number of participants following stratification limited the statistical power of these analyses. As a result, the findings from the stratified analyses were presented in the Supplementary Table S4. As presented in the supplementary table, a significant reduction in waist circumference was observed among female participants (−9.61 ± 8.11 cm vs. −4.93 ± 6.52 cm, p = 0.0196), with marginal improvements in visceral fat area, body weight, and percentage of weight loss compared to the control group. When analyzed by BMI categories, the results revealed that in participants with a BMI < 30, the reduction in waist circumference was particularly pronounced. Conversely, in participants with a BMI ≥ 30, there were marginal improvements in weight loss percentage, body fat percentage, and visceral fat area compared to the control group.

During the 8-month weight maintenance phase (months 5–12), there were no significant differences between the groups with respect to any measures of change in obesity, except waist circumference and visceral fat area. Despite the reduction in body weight, percentage of weight loss from baseline, and waist circumference, lean body mass was marginally more preserved in the PSVLCD group (−0.90 ± 1.38 kg, p < 0.001) than in the control group (−1.44 ± 7.32 kg, p < 0.001), although there was no significant difference between the groups (p = 0.632).



3.3 Changes in cardiometabolic risk factors and bone mineral density

Table 3 and Supplementary Table S2 show the cardiometabolic risk factors between the PSVLCD and control groups. There was a significant reduction in systolic BP, diastolic BP, glucose level, HbA1c level, total cholesterol level, TG level, AST level, ALT level, and GGT level within each group at the completion of the study without any significant differences between the groups. Systolic BP decreased by −10.53 ± 14.87 mmHg (p < 0.001) in the PSVLCD group and only decreased by −6.61 ± 12.99 mmHg (p = 0.0023) in the control group. The glucose and total cholesterol levels decreased by −9.44 ± 11.72 mg/dL (p < 0.001) and − 95.23 ± 60.03 mg/dL (p < 0.001), respectively, in the PSVLCD group and decreased by −7.32 ± 12.98 mg/dL (p = 0.0008) and − 78.78 ± 60.73 mg/dL (p < 0.001), respectively, in the control group.



TABLE 3 Changes in cardiometabolic risk factors and bone mineral density.
[image: Table3]

At 12 months of the trial, the decrease in diastolic BP, TG level, AST level, ALT level, and GGT level was only observed in the PSVLCD group (−4.58 ± 10.24 mmHg, p = 0.054; −19.63 ± 45.93 mg/dL, p = 0.0076; −5.37 ± 15.15 mg/dL, p = 0.0250; −15.30 ± 38.63 mg/dL, p = 0.0129; and − 7.74 ± 21.86, p = 0.0251, respectively), and uric acid also significantly decreased until 8 months (−0.45 ± 0.83, p = 0.0008).

The calculated eGFR decreased only in the control group, but there was no clinical significance at the completion of the study (−1.98 ± 6.26 mg/mL, p = 0.0494). Moreover, there was no decrease in bone mineral density in either group.



3.4 Evaluation of the questionnaires

As shown in Table 4 and Supplementary Table S3, regarding the evaluation of dietary patterns, the overeating pattern increased in the control group compared with that in the PSVLCD group, and this difference was statistically significant (−0.64 ± 0.66 vs. -0.43 ± 0.70, p = 0.0435). However, high fat intake, nutritional imbalance, and impulsive eating did not differ significantly between the two groups. Although there were no significant differences between the groups, high fat intake slightly decreased at 4 and 8 months (−0.37 ± 0.56, p = 0.0035 and − 0.31 ± 0.41, p = 0.0141, respectively) and impulsive eating decreased at 12 months (−0.48 ± 0.72, p = 0.0266) in the PSVLCD group. Therefore, in the PSVLCD group, overeating, high fat intake, and impulsive eating improved compared with those in the control group.



TABLE 4 Effect of dietary intervention on the quality of life, quality of sleep, mood, and physical activities.
[image: Table4]

The physical activity levels, measured by the Global Physical Activity Questionnaire (GPAQ), showed a decrease over the 12-month period for both groups. The PSVLCD group had a median of 1250.10 (±1744.88) MET minutes/week at baseline, which decreased to 692.40 (±887.07) MET minutes/week after 12 months. The control group had a median of 1111.16 (±1537.76) MET minutes/week at baseline, which decreased to 843.33(±1232.92) MET minutes/week after 12 months. These findings indicate a reduction in overall physical activity in both groups.

The Hospital Anxiety and Depression Scale depression score decreased from baseline in both groups (−1.95 ± 2.85, p < 0.001 in the PSVLCD group vs. −2.38 ± 3.39, p < 0.001 in the control group). The Pittsburgh Sleep Quality Index (PSQI) value significantly decreased from 5.94 to 4.98 at 12 months (−0.67 ± 2.13, p = 0.0487) in the PSVLCD group, indicating an improvement in sleep quality, which is clinically significant since the cutoff for the PSQI is 5 (27). The Korean version of the Obesity-related Quality of Life Scale score significantly decreased at 4 and 8 months only in the PSVLCD group, indicating an improvement in the quality of life (−5.88 ± 9.59, p = 0.0064 and − 4.93 ± 7.48, p = 0.0283, respectively).



3.5 Adverse events from baseline to 12 months

Table 5 summarizes the side effects experienced by the participants in both groups. Thirty-two (67%) and 21 (47%) participants experienced adverse events in the PSVLCD and control groups, respectively. The PSVLCD group experienced a higher frequency of constipation, headache, dizziness, and myalgia than the control group. However, these manifestations were mild, transient, and mostly improved voluntarily. Some patients experienced gout, which was managed on an outpatient basis. Additionally, a few patients who dropped out of the study attributed their discontinuation to accompanying symptoms (32).



TABLE 5 Adverse events from baseline to 12 months.
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4 Discussion

A recent meta-analysis on the effectiveness of meal replacement-based diets compared with food-based caloric restriction also showed the superiority of the former, more than 60% of total daily energy intake from meal replacement resulted in the greatest effects (35). Herein, the PSVLCD group achieved a significant reduction in waist circumference throughout the study period. Moreover, PSVLCD was more effective than a calorie-restricted diet in inducing weight loss over 8 months. Additionally, there was a marginally significant difference in weight loss between PSVLCD and control groups at the end of the study. This phenomenon of the statistical significance being lost is not presumed to be due to unsuccessful weight loss in the PSVLCD group, rather due to the meaningful results of the active coaching intervention in the control group. The PSVLCD group lost 6.86 kg, achieving 91% of expected weight loss of 7.5 kg, while the control group lost 4.66 kg, achieving 186% of expected weight loss of 2.5 kg. Therefore, active online coaching through messenger programs could be a potential intervention for successful weight loss and weight-loss maintenance if users are motivated and ready to adhere to the program. The higher dropout rate in the control group, leading to the selective retention of those with stronger motivation, also explains the favorable results in the control group.

The PSVLCD group also exhibited greater reduction in body weight and fat mass, preserved lean body mass, and decreased TG and hepatic steatosis indices, although the differences were not statistically significant compared with the control group. These findings agree with those of a meta-analysis showing that calorie-restricted high-protein diet has beneficial effects on weight loss, body composition, resting energy expenditure, and TG levels (36).

Herein, PSVLCD led to rapid and intense weight reduction, with approximately three times higher weight and waist circumference reduction within 15 days. Although maximum loss (−7.89 kg) was observed at 8 months, the effects were maintained as evidenced by weight loss at 4 months (−7.70 kg) and subsequently at 6 and 12 months (−7.59 kg and − 6.86 kg, respectively). Previous qualitative reviews have shown that greater initial VLCD-induced weight loss is associated with greater long-term weight loss (28). Here, the PSVLCD group experienced higher initial weight loss than the control group, indicating a significant difference in the percentage of weight loss from baseline. In previous meta-analyses (20), VLCDs demonstrated excellent initial weight-loss effects. Most participants in VLCD programs do not regain much of the lost weight within 2–6 months and maintain at least some weight loss in the long term (37). Our participants underwent the VLCD program for 4 months; intermittent VLCD administration for a short period seemed to help maintain weight loss for at least another 4 months. However, after 8 months, the lost weight was not maintained. If PSVLCD can be combined with more evidence-based and effective supportive strategies, this program can be considered a viable option for long-term weight loss and maintenance.

Notably, the attrition rate in the PSVLCD group was 17%, half of that in the control group (Figure 1). Thus, providing meal replacement could improve adherence to the coaching program. A study on weight loss and dropout during a commercial weight-loss program also showed that a meal replacement-based VLCD group showed the greatest weight loss with the least dropout rate compared with an LCD or restricted normal food group (6).

Herein, VLCDs consisted of 600–800 calories during the initial 2 weeks of weight loss, and stepped food reintroduction was allowed after the initial 2 weeks. Most daily calories consumed by participants in this program were through low-calorie and very low-calorie diets. Thus, we only observed non-serious side effects such as constipation and fatigue, which were mild and easily managed. Nevertheless, it may be necessary to inform participants in advance of potential side effects that may occur more frequently than in the control group when using protein-supplemented meal replacement for weight loss.

High-protein meal replacements reduce body fat, preserve muscle mass, and increase satiety (38, 39). Protein’s superior satiety compared to carbs and fats, along with its ability to trigger fullness hormones, aids in reducing overall calorie intake, crucial for weight loss. This high satiety value also directly contributes to decreased appetite, leading to reductions in body weight and fat. Protein consumption increases concentration of satiety hormones and energy expenditure during metabolism, leading to increased satiety (40). Protein’s greater thermic effect requires more energy for digestion and metabolism than carbohydrates and fats, potentially boosting metabolic rate and aiding in weight loss. Additionally, a high-protein diet can help maintain lean body mass and prevent weight regain (41). During weight loss, there is a risk of losing lean body mass (muscle mass) along with fat mass. Adequate protein intake helps preserve lean body mass by providing the necessary amino acids for muscle repair and growth. Preserving muscle mass is important for maintaining metabolic rate and preventing the decrease in metabolic rate that often accompanies weight loss. A recent multicenter randomized controlled trial (RCT) showed that formula diet meal replacement induced greater weight loss than lifestyle interventions alone in patients with obesity and cardiovascular risk factors (42).

Overeating or impulsive food intake due to hunger is a challenge in managing patients with obesity (31). However, these dietary patterns improved in our PSVLCD group, possibly because of the high-protein content and bioavailable supplementation with essential amino acids. Furthermore, the PSVLCD group reported improved sleep quality and quality of life and maintained physical activity levels. Interactive online support with coaching, including continued behavioral therapy through online chats with dietitians and recommendations to use 1–2 meal replacements per day, also contributed to sustained weight loss. Similar to that reported in a previous meta-analysis (35), intensive lifestyle modification using KakaoTalk led to significant weight loss in both groups, supporting PSVLCD as an effective long-term weight-loss regimen without a negative impact on sleep or quality of life.

We observed a significant reduction in waist circumference in the PSVLCD group compared with in the control group. This parameter is an important diagnostic criterion for metabolic syndrome as an important risk factor for cardiovascular disease (36). Additionally, we also observed a similar reduction in visceral fat area measured by BIA. The InBody 770 already proved its comparability in estimating visceral fat area (25) as well as skeletal muscle mass estimation (24). We also measured correlation coefficient between waist circumference and visceral fat area and it showed 0.687, a moderate positive correlation.

During both weight loss and weight management phases, we observed a reduction in systolic BP, fasting glucose levels, HbA1c, and total cholesterol levels in both groups. However, diastolic BP, TG level, and liver enzyme marker (AST, ALT, and GGT) levels decreased only in the PSVLCD group. Early rapid weight loss can lead to T2DM remission by reducing liver fat, improving liver insulin sensitivity, decreasing pancreatic fat, and restoring early insulin secretion ability in beta cells (6, 37). Thus, the early rapid weight loss achieved through PSVLCD may have contributed to these improvements, similar to previous findings (28). The initial reductions in waist circumference, visceral fat area, and hepatic steatosis index observed in the PSVLCD group are indicative of significant improvements in central obesity, visceral fat accumulation, and liver health, all of which are closely associated with metabolic health. The decrease in waist circumference and visceral fat area indicates a reduction in central and visceral adiposity, both of which are critical in lowering the risk of metabolic and cardiovascular diseases. Additionally, the improvement in the hepatic steatosis index points to a significant positive impact on liver health, which is crucial for individuals with or at risk of metabolic dysfunction associated steatotic liver disease. Together, these changes imply that the PSVLCD diet could be a powerful tool in managing and potentially reversing metabolic syndrome and its associated risks.

The increase in LDL levels observed in both groups necessitates further investigation, especially considering the typical inverse relationship between BMI and cholesterol levels. Research indicates that LDL cholesterol can rise in response to carbohydrate-restricted diets even in contexts of low cardiometabolic risk (43). Similar findings have been reported in studies such as those by Sharman et al. (44) and research on the Atkins diet (45). In our study, factors contributing to the LDL increase may include variability in individual responses, issues with dietary adherence, physical activity and other metabolic factors. These aspects should be addressed in future research on dietary interventions and cholesterol management.

To our knowledge, this is the first RCT in South Korea with a large sample size and 1-year duration that provides a practical option of protein-supplemented calorie-restricted meal replacement with 30% daily protein intake for individuals with metabolic disorders and obesity. Moreover, intensive lifestyle modifications were personalized through online chats with one-on-one coaching by dietitians. The study was also conducted at two centers to minimize selection bias. In addition, our study may have clinical significance in the context that there have been limited studies conducted on East Asian populations, including among Koreans, who have different obesity standards compared to Western populations. In addition, one advantage of this study is the ethical consideration in not applying a placebo sachet to the control group, as the study’s objective was to ascertain the effects of PSVLCD, which is easily consumable, compared to maintaining a calorie-restricted diet.

This study has some limitations. First, the lack of active coaching or evaluation with limited exercise guidelines, combined with the absence of criteria for adherence assessment, could have impacted the interpretation of the results. Second, the lack of comparison between the protein types and precise quantitative assessments of protein intake in the control group against the intervention group may have compromised the study’s ability to establish a clear cause-and-effect relationship between the intervention and observed outcomes. Additionally, most of the adverse events were anticipated side effects of weight loss and were determined not to have affected the design or compliance of the study. It is acknowledged as a limitation that some patients may have experienced constraints in participating in the program due to anticipated side effects associated with weight loss. Third, the findings may not apply to individuals with diabetes or eating disorders as the study excluded participants with these conditions; therefore, caution is needed when generalizing results to these populations. Long-term weight-loss maintenance often requires third-wave cognitive behavioral therapy, which was not included (35). Fourth, the study duration and lack of long-term strategies showed significant weight-loss effects in the initial 4 months; however, beyond that period, participants tended to regain weight or experience reduced weight loss. Therefore, additional strategies are required to achieve long-term maintenance. Longer follow-up and incorporation of cognitive behavioral therapy would validate these results and enhance sustained weight loss. Furthermore, there is a need for future studies to address these methodological gaps for a more comprehensive understanding of the effects of protein interventions. Our study did not include other anthropometric measurements, such as midarm fold thickness, or functional assessments like hand grip strength. Beyond simple weight loss, further evaluation of muscle function and its potential impact on sarcopenia would provide valuable insights into how this program might influence conditions such as sarcopenic obesity, which has become a growing concern. If such assessments demonstrate positive effects, this program could be considered a potential strategy for managing this condition, balancing both the benefits and risks.

Additionally, the mean age of 43 years indicates an underrepresentation of older adults. Despite efforts to recruit participants evenly across age groups, the low participation rate from those aged 65 and older may affect the representativeness of the older age group in evaluating the program’s effectiveness.

Also our study did not include other anthropometric measurements including midarm fold thickness or functional assessments such as hand grip. Beyond simple weight loss, further evaluation of muscle function and the potential impact on sarcopenia would provide valuable insights into how this program might influence conditions such as sarcopenic obesity, which has become a growing concern. If such assessments demonstrate positive effects, this program could be considered as a potential prescription strategy, balancing both the benefits and risks for managing this condition.

Although it needs to be validated in future studies accompanied by long-term support strategies, PSVLCD could be an effective option for managing obesity in clinical, community, and healthcare settings. Especially considering that in East Asian populations, a BMI over 30 is considered obese, while in Western populations, the same BMI is classified as overweight, this study underscores the potential of PSVLCD as an effective weight-loss option in Western populations.



5 Conclusion

In this first RCT conducted in South Korea, the PSVLCD reduced waist circumference significantly, and a meaningful reduction was sustained throughout the study period, with a marginally significant decrease in weight loss. The PSVLCD significantly improved various health parameters, including blood pressure, blood glucose levels, HbA1c, total cholesterol levels, triglyceride levels, hepatic steatosis index, and overeating behavior. Additionally, it preserved lean body mass and enhanced the quality of life and sleep of participants without serious adverse events. Our study indicates that the PSVLCD, followed by a transition to a more sustainable low-calorie diet, could be a practical and effective long-term weight-loss strategy for individuals with obesity, metabolic disorders, and cardiovascular risk factors. This phased approach acknowledges the challenge of maintaining a strict VLCD indefinitely and offers a more feasible regimen for long-term adherence. Moreover, this study’s focus on an Asian population, where obesity diagnostic criteria and dietary habits differ from those in Western populations, underscores its significance. The findings suggest that the PSVLCD can be a safe and applicable weight-loss strategy tailored to the specific needs of this demographic. These insights contribute to the understanding of effective weight management strategies in diverse populations.
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Variables PSVLCD group (N =48) Control group (N Difference

between
groups (95%
cn
Baseline 12months change  p-  Baseline 12months change  p-
value value

Body weight, kg 8348(1565) | 7659(1472) | —686(683) | <00001 | 8444(1692) | 8001(1742) | —466(550) | <0000l = -220(-491005) | 0109
Percentage of weght 10 ) | -sa0a) | <0000 100 9153 SSA7(63) 001 -274(-56810020) | 0067
loss (%) (©639)

‘Waist circumference, 100.10(9.42) 9176 (12.02) -835(721) <0.0001 99.55(10.51) 94.50 (11.86) ~4.85(6.53) <0.0001 | -3.49(-6.83t0 -0.5) 0.023
n

Body fat mass, kg 31.83(9.06) 2636 (8.14) =540 (5.83) <0.0001 33.02(9.52) 29.07 (9.76) ~3.95(5.98) 0.0006 =144 (=401 to 1.12) 0.266
Lean body mass, kg 2870 (654) 27.84(6.65) ~090(138) | <0.0001  29.36(8.41) 2816 (639) SL44(732) 00001 | 055(-18102.89) 0632
Percent body fat, % 37.93(7.23) 3431(7.16) ~3.62(4.12) <0.0001 38.74/(5.66) 35.99(6.39) =275 (4.98) 0.001 ~0.87 (~2.80 to 1.06) 0.386
Visceral fat area, cm® 121.46 (44.02) 93.18(31.35) -2828(3208)  <0.0001 | 125.95(43.79) 112.69 (38.88) ~13.26 (23.10) 0.004 =15.03 (2901 to 0.043

109

All such values are presented as mean £ SE. Linear mixed-effect model adjusted to analyze the difference within each group. PSVLCD, protein-supplemented very-low-calorie diet program.
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Variables PSVLCD group (N = 48) Control group (N = 45) Difference p-

between  value
groups (95%
[
Baseline 12months change  p-  Baseline 12months change  p-
value value
Systolic blood 130.17 (17.16) 12005 (16.33) ~1053 <0.0001 12844 (14.33) 12100 (12.33) ~6.61(1299) | 0.0023 =3.93(<10t02.15) 0202
pressure, mmHg (1487)
Diastlic blood SL(21) | 7200171 | 4580020 0005 | 7896000 | 73969 | 1020062 | 05405 -356(-80910097) 022

pressure, mmHg

Glucose, mg/dL. 105310702 9574224 | 94401172 | <0001 | 107912013 | 99491730) | -732(1298) | 00008 | -212(-7.4910320) 0433
Glycated hemoglobin, | 5,60 (0.58) S46060 | 014029 | 0002 | 583060 561052 | 0190300 | 00002 | 005(-00810018) | 0427
%

HOMA-IR 34203260 237080 -088G65) | 01218 | 2960129) 26609 | -028(148) 02275 | -060(-18t0061) 033
Total cholesterol, W047G375) | 2256(791) | 209Q380) | 0567 | 19L32(359) | 19354033949 | 222(323) | 054 -013(-1031101005) 0980
mg/dL.

HDL cholesterol, 981262 | 56790264 | 236012 | 0078 | S5(093) | 557601205 | 215(820) 01016 041(-336t0419) 0829
mgdL.

LDL chalesterol, 804075 | BLISGA7H | 41622200 | 00728 | 1S07(228) | 1020(287) | 090(252) | 0798 | 326(-64510129) 0506
mg/dL

Trigyceride, mgdl 12240 (4759) | 10523 (53.42) 1963 0007 | 12569(5603) 11254 (58.18) S0 019 -843(-2834t0 0402

4593 (4573) 1147)
AST, UL 420813 BI000) | 5370515 | 0025 | 26510736 | 2368074 | 2070656 0406 -320(-100810368) 0358
AL VAL 222 W0EIM 1530 00129 | MIBGLISY | 2607(1689) | 7126146 0155 | -8I18(-2352t07.16) 0292
(863)

GGT, UL 32942661 | 25020937 | -774QL86) | 0051 | BO4GLI2) | 2790(2994) | -527(063) 0109  -248(-117110676) 0595
Hepaticsteatosisindex | 4227(529) | 4038(499) | -185G20) | <0001 | 214(698) | 4107(612) | -099(320) | <0001 | ~087(-22610053) = 022
CGREmUmin/l73m' | 10839(1282) | 10886(1243) | 054(762) | 06459 | 1072201264 | 10616(1302) | -198(626) | 00494 | 252(-05210555) 0102
Uricacid, mg/dL. 629(1.90) 6060175 | 03008 | 03768 | 5510119) 55401.34) 009082 | 0502 ~039(-075t0-003) 0033
Bone mineral density | 0.30.(124) 0270200 -008037) | 0173 | 0410159 031(156) 001016 | 01058 001(-015t0016) | 0912

of the femoral neck,
gem®

Bone mineral density | 0.76 (101) 079007 | 001029 0e71 | 072008 074107) 001016 | 07%8 | -002(-01110007) 0621
of the lumbar spine,

em

Al such values are presented as mean £ SE. Linear mixed-effect model adjusted to analyze the difference within each group. PSVLCD, protein-supplemented very-low-calorie diet program;
HOMA-IR, homeostasis model of assessment of insulin resistance; eGFR, estimated glomerular itration rate. HOMA-IR i calculated as the level of fasting glucose (measured in millimoles
per lite) times the level of fasting nsulin (measured in microunits per milllte) divided by 22.5. Hepatic steatosis index s a screening tool reflecting nonalcoholic fatty liver disease and
calculated using the following formula: 8 (ALT/AST ratio) + BMI (+2 if female; +2, if iabetes mellitus). eGER is calculated using the Chronic Kidney Disease Epidemiology Collaboration
equation. Normal laboratory ranges are as follows: Glucose: 70-110mg/dL; Total Cholesterol: 0200 mg/dL; HDL Cholesterol: Men: 35-55 mg/dL, Women: 45-65 mg/dL; LDL Cholesterol:
Men: 55-155 mg/dL, Women: 55-165 mg/dL; Triglycerides (TG): 0-150 mg/dL; AST: 0~401U/L; ALT: 0-401U/L; GGT: Men: 11-63 UL, Women: 8-35 U/L; eGFR: >60 mL/min/1.73m’
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\ELELIES PSVLCD Control

group group
(N =48) (N =45)

Demographic and anthropometric measurements

Female 32(66.7) 32(71.1) 0.644
Age, years 4256(1024) 4371 (1159) 0613
Body weight, kg $348(1565)  84.44(16.92) 0759
Body mass index, kg/m’ 3046 (3.98) 3088 (468) 0640
Overweight, n (%) 10 3(7) 0418
Grade 1 Obesity, n (%) 25(52) 19(42)

Grade 2 Obesity, n (%) 22(46) 23(51)

Waist circumference, cm 100.1009.42) 9955 (10.51) 0959
Body fat mass, kg 3183 (9.06) 33.02(9.52) 049
Lean body mass, kg 2870 (6.54) 2936 (8.41) 0.898
Percent body fat, % 37.98 (6.96) 38.84 (5.51) 0508
Visceral fat area, cm? 12146 (4402) 12595 (43.79) 069

Cardiometabolic risk factors

Systolic blood pressure, 130.17(17.16)  128.44(14.33) 0397
mmHg

Diastolic blood pressure, 8163 (1212) 78.96 (9.10) 0,665
mmHg

Glucose, mg/dL 10531(17.02)  107.91 (20.13) 0502
Glycated hemoglobin, % 5.60(0.58) 5.83(0.64) 0.081
HOMA-IR 3.42(3.26) 2.96(1.29) 0382
Total cholesterol, mg/dL. 20047 (33.75)  191.32(3591) 0232
HDL cholesterol, mg/dL. 5398(1262)  5353(10.93) 0856
LDL cholesterol, mg/dL 12804(2751) 118,07 (32.28) o2
Triglyceride, mg/dL 12240 (47.59) 125,69 (56.03) 076
ASTIU/L 2842(1813)  2651(1736) 0.606
ALT UL 4242(4723) | 3413 (3118) 0324
GGT,U/L 3294(2661) | 33.04(3212) 0986
Hepatic steatosis index 4227(529) 42,14 (698) 0.105
€GER, ml/min/1.73m 10839 (1282)  107.22(12.64) 0659
Uric acid, mg/dL 6.29(1.90) 5.51(1.19) 0.021

Bone mineral density

Femoral neck 030 (1.24) 041 (1.59) 0700
Lumbar spine 076 (1.01) 0.72(1.04) 0870
Questionnaires

GPAQ, median (IQR) 630 (345,1,560) 720 (180, 1,440) | 0688

Dietary pattern evaluation tool

Overeating 3.54(0.59) 3.26(0.70) 0.046
High fat intake 3.00 (0.76) 283 (073) 0304
Nutritional imbalance 3.04(0.56) 2.99(075) 0752

3.00 (0.84) 2.68(1.01) 0.108
Anxiety 590 (3.63) 5.62(3.69) 0720
Depression 740(3.27) 7.40 (3.85) 0.996
PSQI 5.94(284) 6.39(337) 0492
KOQOL 4078 (9.52) 39.86 (9.95) 0656

Allsuch values are presented as mean & SE. Students t-test for continuous variables and the chi-square test for categorical variables were used to compare the difference between the groups.
PSVLCD, protein-supplemented very-low-calorie diet program; HOMA-IR: homeostasis model of assessment of insulin resistance; eGER, estimated glomerular itration rate; GPAQ: Global
physical activity questionnaires; HADS, Hospital Anxiety and Depression Scale; PSQI, Pitisburg Sleep Qualty Index; KOQOL, Korean version of Obesity-related Qualiy of Life Scale. HOMA-
IR s calculated as the level offasing glucose (measured in millimoles per lter) times the level of fasting insulin (measured in microunits per millilter) divided by 22.5. Hepatic seatoss index
i 2 screening tool reflecting nonalcoholic fatty liver disease and calculated using the following formula: 8 x (ALT/AST ratio) + BMI (+2, if female; +2 ifdiabetes mellitus). eGFR is calculated
using the Chronic Kidney Disease Epidemiology Collaboration equation. Normal laboratory ranges are as follows: Glucose: 70-110mg/dL; Total Cholesterol: 0-200 mg/dL; HDL Cholesterol:
Men: 35-55 mg/dL, Women: 45-65mg/dL; LDL Cholesterol: Men: 55-155 mg/dL, Women: 55-165 mg/dL; Triglycerides (TG): 0-150mg/dL; AST: 0-401U/L; ALT: 0-401U/L; GGT: Men:
1163 U/L, Women: 8-35 U/L; eGER: >60mL/min/1.73 .
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Variables PSVLCD group (N = 48) Control group (N = 45) Difference p-
between groups  value
(95% CI)

Baseline 12months ~change Baseline 12months  change
GPAQ median (IQR) 125010 6240(88707) | -2820 | 02904 | IlLI6 | SB33012292)  —M71 04123 21894(-96L130139901) 0687
(177488) (1057.70) 1537.76) (@1694)
Overeating 350059 296079 -061(066) 0003 | 326070) | 239058  -043(070) 00715 -022(-07810-035) 00435
High fatintake 300076 285065 -02607) 0204 | 283073 | 23907)  -033(059)  00% 007 (=048 100.62) 0789
Notrtionalimbalance | 301036) | 317050 001055 | 0921 | 2990075 | 302080 | 0070.6) 07031 006 (~054100.42) 0801
Impulsive cating, 300085 250052 -04807) 007 | 268010) | LSSOS) 031067 01579 ~017(-075100.41) 0551
HADS ansiety 506 ASG7Y)  0R07) 0227 5006) | 476065) 074620 0165 021 (11210159 0751
HADS depression 740627) | 517086 195289 <0001 740(385) | 503698 -238(39) <0001 043(-095 t01.81) 0535
PsQl 59128 ABQAD  0e7(1) 009 639G3) | 574Q5)  080GE) 01k 023(-112101.58) 0729
KOQOL H078052) 307008 5140905 | 0053 | 39860995 | 3082(1219) | -436(662) 00557 078 (~752105.96) 0813

PSVLCD, protein-supplemented very-low-calorie diet program; GPAQ, Global Physical Activity Questionnaires; HADS, Hospital Anxiety and Depression Scale; PSQU, Pittsburg Sleep Quality
Index; KOQOL, Korean version of Obesity-related Quality of Life Scale.
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PSVLCD Control p-value
group  group

Number of serious adverse events 0 0

Number of participants with any 32(67) 21(47) 0.082
adverse events, n (%)

Total number of any adverse 83 (64) 46 (36) 0048

events, 1 (%)

Frequently reported adverse events, n (%)

Constipation 12(14) 3
Headache 1313 40)
Dizziness 8(10) 30)
Myalgia 9(11) 0(0)
Upper respiratory infection 46) 409)
Indigestion 5(6) 204)
Diarrhea 7(8) 1)
Low back pain 46) 30)
covip 1) 204

Gout 1(1) 1)
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Assessed for cligibility (n=123)

Excluded (n=17)
9 Not meeting inclusion criteria
5 Declined to participate
3 Other reasons

Randomized (n=106)

53 Randomized to the protein supplemented
very-low-calorie diet

53 Randomized to the food based low calorie
group

5 Discontinued during 4 month period
2 Withdrawal due to adverse events
1 No longer able to commit
1 Moving to another region
1 Violation of study protocol

8 Discontinued during 4 month period
3 Dissatisfied with the dict intervention
1 Withdrawal due to adverse events
1 Withdrawal due to personal reason
1 Pregnancy test positive
2 Lost to follow up

48 Completed the initial
weight loss phase

45 Completed the initial

weight loss phase

5 Discontinued after 4 month period
2 Withdrawal due to personal reason
2 No longer able to commit
1 Moving to another region

[

4 Discontinued after 4 month period
1 Health reason unrelated to the trial
1 No longer able to commit
1 Moving to another region
1 Lost to follow up

43 Completed the 12-month intervention

41 Completed the 12-month intervention
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