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ABSTRACT  

Background and Objectives: To investigate the effects of oral preoperative regimens on 

gastric emptying time in relation to BMI in Chinese adults. Methods and Study Design: The 

enrolled 56 adults were divided into three groups (normal-weight, underweight, and 

overweight) and completed a regimen of two drinks after a 2-week interval. After drinking a 

carbohydrate regimen (CD, 50 g carbohydrates) or a carbohydrate glutamine regimen (CGD, 

44 g carbohydrates and 6 g glutamine) labelled with 99mTc-DTPA (99mTc-

diethylenetriaminepentaacetic acid), gastric emptying times T50 and T90 were measured 

using a curve derived from scintigraphic images. Results: T50 and T90 had no significant 

difference between the CD and CGD regimens. T50 was significantly delayed in the 

underweight participants (BMI <18.5 kg/m2, as Chronic Energy Deficiency, CED) compared 

with the normal-weight participants after drinking CD (p=0.003) or CGD (p=0.002), as well 

as T90 after CD (p=0.019). There was no difference in glucose concentrations between the 

three groups. There are negative correlations between body weight and gastric emptying time 

T50 (r=-0.461, p=0.016) or T90 (r=-0.553, p=0. 003) after drinking CD, as well as T50 (r=-

0.553, p=0.003) after drinking CGD. Conclusions: Underweight adults should be careful to 

take oral preoperative regimens 2 hours before surgery and consider reducing the volume 

because of a slower gastric emptying rate. 

 

Key Words: gastric emptying time, preoperative drinks, underweight, chronic energy 

deficiency, gastric emptying rate 

 

INTRODUCTION 

Preoperative fasting before anaesthesia was generally considered to start at midnight. 

However, a 2-hour fast after carbohydrate-containing clear fluids is safer1 and more 

conducive to successful recovery.2,3 Although preoperative fluid intake 2 hours before 

anaesthesia has not been associated with an increased aspiration risk, prolonged gastric 

emptying time of solid or liquid meals has been found in obese participants judged by the 

13C-breath test compared with normal-weight participants.4 It’s not known whether clear 

liquid also cause delayed gastric emptying risks for some groups with different body weights, 

since studies aren’t available. It is little known if there is a relationship between gastric 

emptying and bodyweight. Most investigators have focused on either normal-weight or obese 

individuals, but the rates of gastric emptying in underweight and overweight participants are 

little known. Moreover, relevant data in Chinese people are too limited to allow any 
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conclusion to be drawn. Considering the above, well-designed studies are needed to assess the 

effects of bodyweight on gastric emptying in Chinese adults. This study investigates the 

gastric emptying time change in participants with different body mass indexes (BMIs) after 

drinking two types of preoperative carbohydrate fluids and whether it is feasible that regimens 

could empty completely from the stomach in less than 2 hours.  

 

MATERIALS AND METHODS 

Study design 

This was a single-blind, two-way crossover study conducted at the Department of Nuclear 

Medicine in the General Hospital of Guangzhou Military Command from May 2017 to Feb 

2018. Each volunteer provided written informed consent before taking part in this study. The 

study was conducted according to the Declaration of Helsinki for Medical Research involving 

human participants and was approved by the Research Ethics Committee of the General 

Hospital of Guangzhou Military Command (K-2016-71). The protocol was registered at 

www.chictr.org.cn (ChiCTR-OOC- 17011021).  

 

Participants  

The volunteers were eligible if they were aged 18 to 60 years. The exclusion criteria were as 

follows: diseases that affect gastric emptying (e.g., diabetes, neurological, and endocrine 

diseases), a history of gastrointestinal disorders or abdominal surgery, renal dysfunction 

(higher-than-normal blood urea nitrogen or creatinine), hepatic dysfunction [higher-than-

normal aspartate aminotransferase (AST) or alanine aminotransferase (ALT)], receiving 

hormones or drugs that affect gastric emptying, and pregnant or lactating women. 

Designations of underweight, normal weight, and overweight were made based on the 

nutritional status. BMI = body weight (kg)/height (m)2. Underweight (Chronic Energy 

Deficiency, CED) was defined as a BMI <18.5 kg/m2, normal weight as 18.5 ≤ BMI < 25 

kg/m2, and overweight as 25 ≤ BMI < 29.9 kg/m2 according to the standard from the World 

Health Organization (WHO). 

 

Study procedures  

Participants were instructed to abstain from medications, alcohol, caffeine-heavy tea, 

strenuous work, and exercise for 24 hours before the start of the study. All participants and 

their contacts were blinded throughout the study. A carbohydrate drink (CD) or a 

carbohydrate glutamine drink (CGD), 50 g dissolved in 400 mL water mixed with 99mTc-
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DTPA (HTA Co. Ltd., Beijing, China) as a non-absorbed tracer, was given to the participants 

(Table 1).  

The gastric-emptying test is considered the gold standard to assess gastric motility. And, 

Tc-99m was used to measure gastric emptying accurately in our study 5. Each volunteer was 

randomised to drink 400 mL of one of the two drinks within 5 minutes at 8:30 to 8:35 a.m. 

The end of drinking was defined as time 0 (T=0). Participants lay under a gamma camera 

(Infinia Hawkeye 4 SPECT system, GE, Wisconsin, USA), and images were taken at 0, 5, 10, 

15, and 20 minutes and every 15 minutes thereafter until 120 minutes, while gastric emptying 

was monitored by scintigraphy. Participants were not allowed to eat and drink but moved 

freely while being monitored. The monitored time is prolonged if a 90% emptying rate is not 

reached in 120 minutes. After a 2-week interval, the participants drank another liquid regimen, 

and we conducted the same test (Figure 1). 

 

Gastric emptying time  

A region of interest (ROI) was counted on each image of the stomach to measure radioactivity. 

A time-activity curve was expressed as a percentage of the total amounts in the stomach 

versus time, from which the emptying times were derived. T50 and T90 gastric emptying 

times were calculated from the time at 50% and 90% gastric emptying on the curve. 

 

Blood samples  

Venous blood was sampled. Blood glucose concentrations were measured at 0, 40, and 120 

minutes using an automatic biochemistry analyser (Cobas C501, Roche, Ibaraki-ken, Japan). 

 

Ethical standard 

This study was approved by the Research Ethics Committee of General Hospital of 

Guangzhou Military Command (K-2016-71). The protocol was registered at 

www.chictr.org.cn (ChiCTR-OOC- 17011021). 

 

Statistical analysis 

All parameters were tested for normality by the Shapiro–Wilk test. Data was expressed as the 

mean ± standard deviation (SD). Statistical analysis was performed using SPSS 22.0 (SPSS 

Inc., Chicago, USA). Differences between the two groups were tested for significance using 

the paired Student t test. Independent t tests were used to compare parametric data with 

different body weight. Multiple comparisons were analysed using one-way analysis of 
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variance (ANOVA). If equal variances were assumed, the Bonferroni correction was used. If 

equal variances were not, the Dunnett T3 test was used. Pearson or Spearman correlations 

were used to determine the relationships between emptying time and BMI. A two-tailed 

p<0.05 was considered significant. 

 

RESULTS 

The study enrolled 56 Chinese individuals (24 men and 32 women). The participant 

characteristics are shown in Table 2. Four participants completed only one of the CD and 

CGD experiments. One participant had mild nausea after drinking CGD, but there were no 

other side effects.  

 

Gastric emptying time between CD and CGD regimens 

There was no significant difference between the CD and CGD regimens at gastric emptying 

T50 (36.3±13.5 min vs 38.0±2.5 min, p=0.227) or at T90 (84.7±23.8 min vs. 88.9±22.7 min, 

p=0.083) (Figure 2).  

 

Gastric emptying at T50 

T50 was significantly delayed in the underweight participants compared with the normal-

weight participants after drinking CD (47.7±13.3 min vs 32.0±8.5 min, p=0.003) or CGD 

(47.6±11.2 min vs. 33.9±9.5 min, p=0.002). No significant differences of T50 were observed 

in the overweight participants compared with the normal-weight participants in after drinking 

CD (35.2±16.3 min, p=0.850) or CGD (35.7±13.0 min, p=0.957) (Figure 3).   

 

Gastric emptying T90 

T90 was significantly delayed in the underweight participants compared with the normal-

weight participants after drinking CD (101.1±21.4 min vs 79.6±20.8 min, p=0.019), whereas 

there was no significant difference at T90 after drinking CGD (96.3±23.6 vs 79.3±19.8 min, 

p=0.09), although the same trend of longer time was observed.  

No significant differences were observed in the overweight participants compared with the 

normal-weight participants after drinking CD (79.2±25.6 min, p=1.0) or CGD (94.7±22.2 min, 

p=0.113) (Figure 4). 

More notably, T90 in two underweight participants was more than 120 minutes after 

drinking CD (135.6 min and 128.5 min) and CGD (141.1 min and 138.1 min), respectively. 

At 120 minutes, their gastric emptying rates were 82% and 85% after drinking CD, and 76% 
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and 81% after drinking CGD. Accordingly, their gastric residual volumes were approximately 

60 to 96 mL. 

 

Glucose concentrations 

There was no difference in glucose concentrations at 0 minutes, 40 minutes, and120 minutes 

after drinking CD or CGD (p=0.588, p=0.473, p=0.052, respectively) in all participants.  

The differences between the three groups (normal-weight, underweight, and overweight) 

were also not statistically significant following drinking the CD (Figure 5A) and CGD 

regimens (Figure 5B). 

 

The relationship between BMI and gastric emptying times 

BMI was not associated with gastric emptying times T50 (r=0.163, p=0.238) or T90 (r=0.047, 

p=0. 736) after drinking CD. 

There was no relationship between BMI and gastric emptying time T50 after drinking CGD 

(r=0.134, p=0.333). Only a weak positive association existed between BMI and gastric 

emptying time T90 after drinking CGD (r=0.315, p=0.02).  

There were negative correlations between body weight and gastric emptying time T50 (r=-

0.461, p=0.016) or T90 (r=-0.553, p=0. 003) after drinking CD, as well as T50 (r=-0.553, 

p=0.003) after drinking CGD, but not T90 (r=-0.254, p=0.201) after drinking CGD. 

 

DISCUSSION 

In our study, compared with the normal-weight participants, the underweight participants had 

significantly delayed gastric emptying rate at T50 for both regimens and T90 for CD, as well 

as longer gastric emptying time at T90 for CGD. Moreover, T90 of two participants was more 

than 120 minutes with much gastric residual volumes. Similarly, there are significant inverse 

correlations between body weight and gastric emptying time, although their coefficients are 

lower.  

There is little evidence about the effect of being underweight with chronic energy 

deficiency on gastric emptying. CED is a critical condition characterized by low energy 

stores.6 Our results are in agreement with the results reported by Sena et al, which showed 

that gastric emptying time was prolonged in underweight patients with anorexia compared to 

normal-weight and obese participants.7 This can lead to lower bodyweight because slower 

gastric emptying rate was associated with less calorie intake and there was a significant 

negative correlation between gastric emptying rate and the calorie intake.8 Similar results 
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were also found in the animal study, that underweight mice with limited food had a delayed 

gastric emptying rate compared with controls.9 These results indicated that the safety factors 

of taking preoperative fluid 2 hours before surgery in underweight individuals should be 

carefully considered to avoid increasing the risk of aspiration during anaesthesia, since 

delayed gastric emptying is significantly associated with nausea and vomiting.10 

As for the relationship between gastric emptying and body weight, there are many research 

studies with contradictory findings in recent years, with gastric emptying rate being reported 

to be equivalent,11,12 faster,13 or slower14 in overweight and obese individuals compared with 

normal-weight individuals.15 

Our results indicated there is a negative correlation between gastric emptying time and 

body weight. This is consistent with a study that a more rapid emptying rate was observed in 

the overweight male participants compared with normal-weight.16 Seimon RV et al also 

showed overweight and obese males had faster gastric emptying rate than normal-weight 

individuals, though there was no difference in overall gastric emptying time.11 Similarly, 

Verdich et al found no differences in emptying rate between obese participants and their lean 

counterparts, whereas percentage of gastric emptying during the initial 30 min was higher in 

the obese participants.17 Meyer-Gerspach et al suggested that the obese participants had 

relatively delayed gastric emptying rates compared with normal-weight controls, but there 

were only 9 obese participants in their study.4 These contradictory results are probably caused 

by differences in test meal (solid, liquid or clear), methodologies for measuring gastric 

emptying (13C-breath test, scintigraphy and so on) or other factors that may affect gastric 

emptying rates.  

Although underweight adults have delayed gastric emptying, there is limited evidence that 

indicates low body weight as an independent risk factor for delayed gastric emptying. In our 

study, all correlation coefficients between gastric emptying time and body weight were either 

small or insignificant, although underweight participants had longer gastric emptying time. 

One of the reasons is that the normal-weight and overweight group had similar gastric 

emptying times.  

Carbohydrate loading reduces insulin resistance and may be effective in the prevention of 

delayed gastric emptying.18 Since blood glucose is not different between the two drinks in the 

present data, other mechanisms of different gastric emptying rate must be involved. 

Compared with normal-weight participants, gastric emptying rates of overweight participants 

were increased with higher ghrelin,16 also the obese with decreased GLP-1 (glucagon-

likepeptide-1) and PYY (Peptide YY).4 A growing body of evidence suggests that ghrelin 
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accelerates gastric emptying.19 Taking ghrelin by underweight outpatients with anorexia 

nervosa could speed gastric emptying significantly, and aid them in gaining weight.20,21 On 

the contrary, GLP-1and PYY have an inhibiting effect on gastric emptying.22 

The use of additional glutamine in preoperative drinks may be beneficial for patients who 

are potentially undergoing surgery.23,24 Our results show that there were no significant 

differences in the gastric emptying times between the two clear drinks with or without 

glutamine, both of which are standard recipes and generally used in ERAS studies. This is 

similar to a previous study, in which a small amount of 15 g glutamine alternative to 

carbohydrate (carbohydrate 36 g and glutamine 15 g in 460 mOsm/kg) did not lead to delayed 

gastric emptying.25 However, another study in the literature has demonstrated that an 

additional 15 g of glutamine based on carbohydrate (carbohydrate 50 g add glutamine 15 g in 

508 mOsm/kg) significantly reduced the gastric emptying time compared with carbohydrate 

alone.26 A possible explanation is that the additional glutamine increased osmolality and 

subsequently delayed gastric emptying times. In our study, 6 g glutamine substitute of 

carbohydrate in 100 g did not change osmolality and gastric emptying very much (294 

mOsm/kg vs 425 mOsm/kg). Furthermore, preoperative drinks enriched with glutamine 

modified postoperative insulin resistance and increased glucose disposal in patients 

undergoing cholecystectomy.27 Our results show no differences in blood glucose between the 

two drink regimens, which indicates that a small amount of glutamine substitute did not 

change the gastric emptying times and glucose concentrations. The gastric emptying rates 

were significantly slower for the two drinks with or without glutamine in the underweight 

group. 

There are several limitations in our study. One potential limitation originated from the 

small sample population. The relation between gastric emptying time and body weight is not 

entirely linear and should be analysed according to weight standard (BMI) to divide into four 

groups (underweight, normal, overweight, and obese). Unfortunately, we could not analyse 

findings for each group because the numbers were too small for statistical analysis, and we 

had no obese participants in this study. It is not clear whether the correlation exists between 

gastric emptying time and body weight in the obese group. 

In summary, for normal-weight and overweight adults, a carbohydrate drink or a 

carbohydrate drink with a small amount of glutamine substitute has no differences in effect on 

gastric emptying for preoperative purposes. Our results suggest that individuals who are 

underweight with chronic energy deficiency should be careful to take oral preoperative 

regimens 2 hours before surgery and consider reducing the volume because of a slower gastric 
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emptying rate. But, there was a small number of participants and no obese participants in this 

study. Therefore, further study is necessary to determine the suitable volume of preoperative 

drink regimens in the underweight population and evaluate their safety.  

 

CONFLICT OF INTEREST AND FUNDING DISCLOSURE 

This work was supported by grant from the General Financial Grant from the China 

Postdoctoral Science Foundation (No.2017M612630) and the Guangdong Provincial Natural 

Science Foundation (No.2016A030313612). The funders had no role in study design, data 

collection and analysis, decision to publish, or preparation of the manuscript. 

 

REFERENCES 
1. Ljungqvist O, Soreide E. Preoperative fasting. Br J Surg. 2003;90:400-6. doi: 10.1002/bjs.4066 

2. Hill LT, Miller MG. Carbohydrate loading in the preoperative setting. S Afr Med J. 2015;105:173-4. 

doi: 10.7196/samj.8746. 

3. Pogatschnik C, Steiger E. Review of preoperative carbohydrate loading. Nutr Clin Pract. 2015;30:660-

4. doi: 10.1177/0884533615594013. 

4. Meyer-Gerspach AC, Wolnerhanssen B, Beglinger B, Nessenius F, Napitupulu M, Schulte FH et al. 

Gastric and intestinal satiation in obese and normal weight healthy people. Physiol Behav. 

2014;129:265-71. doi: 10.1016/j.physbeh.2014.02.043. 

5. Ertay T, Dogan AS, Ulker O, Durak H. In vitro evaluation of tc-99m radiopharmaceuticals for gastric 

emptying studies. Mol Imaging Radionucl Ther. 2014;23:21-4. doi: 10.4274/Mirt.75047. 

6. Wubie A, Seid O, Eshetie S, Dagne S, Menber Y, Wasihun Y et al. Determinants of chronic energy 

deficiency among non-pregnant and non-lactating women of reproductive age in rural Kebeles of Dera 

District, North West Ethiopia, 2019: Unmatched case control study. PLoS One. 2020;15:e0241341. doi: 

10.1371/journal.pone.0241341. 

7. Bluemel S, Menne D, Milos G, Goetze O, Fried M, Schwizer W et al. Relationship of body weight 

with gastrointestinal motor and sensory function: studies in anorexia nervosa and obesity. BMC 

Gastroenterol. 2017;17:4. doi: 10.1186/s12876-016-0560-y. 

8. Halawi H, Camilleri M, Acosta A, Vazquez-Roque M, Oduyebo I, Burton D et al. Relationship of 

gastric emptying or accommodation with satiation, satiety, and postprandial symptoms in health. Am J 

Physiol Gastrointest Liver Physiol. 2017;313:G442-7. doi: 10.1152/ajpgi.00190.2017. 

9. Nobis S, Morin A, Achamrah N, Belmonte L, Legrand R, Chan P et al. Delayed gastric emptying and 

altered antrum protein metabolism during activity-based anorexia. Neurogastroenterol Motil. 

2018;30:e13305. doi: 10.1111/nmo.13305. 

10. Gottfried-Blackmore A, Adler EP, Fernandez-Becker N, Clarke J, Habtezion A, Nguyen L. Open-label 

pilot study: Non-invasive vagal nerve stimulation improves symptoms and gastric emptying in patients 

with idiopathic gastroparesis. Neurogastroenterol Motil. 2020;32:e13769. doi: 10.1111/nmo.13769. 



10 

11. Seimon RV, Brennan IM, Russo A, Little TJ, Jones KL, Standfield S et al. Gastric emptying, mouth-to-

cecum transit, and glycemic, insulin, incretin, and energy intake responses to a mixed-nutrient liquid in 

lean, overweight, and obese males. Am J Physiol Endocrinol Metab. 2013;304:E294-300. doi: 

10.1152/ajpendo.00533.2012. 

12. Vazquez Roque MI, Camilleri M, Stephens DA, Jensen MD, Burton DD, Baxter KL et al. Gastric 

sensorimotor functions and hormone profile in normal weight, overweight, and obese people. 

Gastroenterology. 2006;131:1717-24. doi: 10.1053/j.gastro.2006.10.025. 

13. Wilbaux M, Wolnerhanssen BK, Meyer-Gerspach AC, Beglinger C, Pfister M. Characterizing the 

dynamic interaction among gastric emptying, glucose absorption, and glycemic control in nondiabetic 

obese adults. Am J Physiol Regul Integr Comp Physiol. 2017;312:R314-23. doi: 

10.1152/ajpregu.00369.2016. 

14. Galai T, Moran-Lev H, Cohen S, Ben-Tov A, Levy D, Weintraub Y et al. Higher prevalence of obesity 

among children with functional abdominal pain disorders. BMC Pediatr. 2020;20:193. doi: 

10.1186/s12887-020-02106-9. 

15. Ruiz RF, Jukemura J, Alves PRA, Santos M. Evaluation of pH and residual gastric volume after colon 

preparation with mannitol: prospective randomized study comparing procedure performed after 3 hours 

versus 6 hours. Clinics (Sao Paulo). 2020;75:e1847. doi: 10.6061/clinics/2020/e1847. 

16. Zhu Y, Hollis JH. Gastric emptying rate, glycemic and appetite response to a liquid meal in lean and 

overweight males. Int J Food Sci Nutr. 2014;65:615-20. doi: 10.3109/09637486.2013.854747. 

17. Verdich C, Madsen JL, Toubro S, Buemann B, Holst JJ, Astrup A. Effect of obesity and major weight 

reduction on gastric emptying. Intl J Obes Relat Metab Disord. 2000;24:899-905.  

18. CORRIGENDUM to "Oral Carbohydrate Administration in Patients Undergoing Cephalomedullary 

Nailing for Proximal Femur Fractures: An Analysis of Clinical Outcomes and Patient Satisfaction". 

Geriatr Orthop Surg Rehabil. 2020;11:2151459320981542. doi: 10.1177/2151459320981542. 

19. Luttikhold J, de Ruijter FM, van Norren K, Diamant M, Witkamp RF, van Leeuwen PA et al. Review 

article: the role of gastrointestinal hormones in the treatment of delayed gastric emptying in critically 

ill patients. Aliment Pharmacol Ther. 2013;38:573-83. doi: 10.1111/apt.12421. 

20. Cao SG, Wu H, Cai ZZ. Dose-dependent effect of ghrelin on gastric emptying in rats and the related 

mechanism of action. Kaohsiung J Med Sci. 2016;32:113-7. doi: 10.1016/j.kjms.2016.01.006. 

21. Fazeli PK, Lawson EA, Faje AT, Eddy KT, Lee H, Fiedorek FT et al. Treatment with a ghrelin agonist 

in outpatient women with anorexia nervosa: a randomized clinical trial. J Clin Psychiatry. 

2018;79:17m11585. doi: 10.4088/JCP.17m11585. 

22. Ladopoulos T, Giannaki M, Alexopoulou C, Proklou A, Pediaditis E, Kondili E. Gastrointestinal 

dysmotility in critically ill patients. Ann Gastroenterol. 2018;31:273-81. doi: 10.20524/aog.2018.0250 

23. Kibor DK, Nyaim OE, Wanjeri K. Effects of enteral glutamine supplementation on reduction of 

infection in adult patients with severe burns. East Afr Med J. 2014;91:33-6.  



11 

24. Azman M, Mohd Yunus MR, Sulaiman S, Syed Omar SN. Enteral glutamine supplementation in 

surgical patients with head and neck malignancy: A randomized controlled trial. Head Neck. 

2015;37:1799-807. doi: 10.1002/hed.23839. 

25. Awad S, Blackshaw PE, Wright JW, Macdonald IA, Perkins AC, Lobo DN. A randomized crossover 

study of the effects of glutamine and lipid on the gastric emptying time of a preoperative carbohydrate 

drink. Clin Nutr. 2011;30:165-71. doi: 10.1016/j.clnu.2010.09.008. 

26. Lobo DN, Hendry PO, Rodrigues G, Marciani L, Totman JJ, Wright JW et al. Gastric emptying of 

three liquid oral preoperative metabolic preconditioning regimens measured by magnetic resonance 

imaging in healthy adult volunteers: a randomised double-blind, crossover study. Clin Nutr. 

2009;28:636-41. doi: 10.1016/j.clnu.2009.05.002 

27. Dock-Nascimento DB, de Aguilar-Nascimento JE, Magalhaes Faria MS, Caporossi C, Slhessarenko N, 

Waitzberg DL. Evaluation of the effects of a preoperative 2-hour fast with maltodextrine and glutamine 

on insulin resistance, acute-phase response, nitrogen balance, and serum glutathione after laparoscopic 

cholecystectomy: a controlled randomized trial. JPEN J Parenter Enteral Nutr. 2012;36:43-52. doi: 

10.1177/0148607111422719. 

  



12 

 
Table 1. Contents of 100 mL (approximately 25 g) of CD and CGD drinks 
 
 CD CGD 
Carbohydrate, g 12.5 11 
maltodextrin, g 10 9 
fructose, g 2.5 2 
Glutamine, g 0 1.5 
sodium, mg  50 281 
chloride, mg 6 57 
potassium, mg 120 580 
Osmolarity, mOsm/kg 294 425 
Energy, kcal  50 50 
 
CD, carbohydrate drink; CGD, carbohydrate glutamine drink 
 
Table 2. Participant characteristics (Mean values and standard deviations) 
 

Characteristics Underweight 
(n=14) 

Normal-weight 
(n=26) 

Overweight 
(n=16) p1 p2 p3 

Age (years) 34.3±8.9 37.6±8.7 38.1±10.6 0.209 1 0.242 
Weight (kg) 49.0±5.6 59.3±6.8 69.9±4.5 0.007 0.002 0.000 
Height (cm) 164.0±7.4 163.5±7.0 161.9±8.7 1 1 1 
BMI (kg/m2) 18.2±0.3 22.1±1.2 26.8±1.9 0.000 0.006 0.000 
 
p1: underweight vs normal weight, p2: overweight vs normal weight, p3: overweight vs underweight. 
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Figure 1. Flowchart of recruitment and withdrawal from the cross-over study. 
 
 

 
 
Figure 2. T50 and T90 gastric emptying times. For all participants, the differences between CD and CGD were not significant. 
p>0.05. CD - carbohydrate drink: CGD -carbohydrate glutamine drink. 
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Figure 3. T50 gastric emptying time following CD or CGD regimens of 400 mL in all, normal, underweight, and overweight 
participants. ** p˂0.01 underweight vs. normal. CD - carbohydrate drink: CGD -carbohydrate glutamine drink. 
 
 

 
 
Figure 4. T90 gastric emptying time following CD or CGD regimens of 400 ml in all, normal, underweight and overweight 
participants. ** p˂0.05 underweight VS normal. CD - carbohydrate drink, CGD - carbohydrate glutamine drink. 
 
 

 
 
Figure 5. Plasma glucose concentrations following ingestion of the drinks CD (A) and glutamine CGD (B) in normal-weight, 
underweight and overweight participants. CD - carbohydrate drink, CGD -carbohydrate glutamine drink. 
 


