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INTRODUCTION
The global prevalence of T2DM continues to rise more rapidly in low- and middle-income countries than in high income countries (WHO, 2020). Lifestyle adjustments are shown to be effective in prevention and management of T2DM. Among the several mechanisms used to achieve glycemic control, self-care is an important aspect in the management of T2DM. Exercises increase insulin sensitivity and energy expenditure in T2DM patients and regular physical exercise is known to be an integral component in the life style of diabetics. Most of the previous studies have been centered around investigating the effect of regular exercise on glycemic control in T2DM. Findings regarding the acute/chronic effect of exercise on appetite regulation and food intake are inconclusive with reports on no change along with both increase and decrease. Moreover, most of the studies have investigated the effect of exercise on hunger, satiety and food intake in healthy individuals who performed acute bouts of exercise. Consequently, the effect of exercise on these parameters are yet to be well established in T2DM. Thus, this study aims to investigate the impact of regular aerobic exercises on hunger, satiety and food consumption in T2DM.
METHODOLOGY
This study is a part of a prospective cohort study conducted at the Department of Physiology, University of Sri Jayewardenepura. Baseline data of a total of 72 patients, aged between 35- 60 years with a history of T2DM for more than 5 years were recruited. Data on socio- demographic and clinical characteristics were obtained by an interviewer administered questionnaire after taking written informed consent. The participants were randomly assigned into an exercise group and a control group. The exercise group engaged in brisk walking 30 min/day, 4-5 days/week for 6 months. Adherence to the exercise protocol was assessed by regular telephone calls. Both groups were advised not to change their routine dietary practices and to maintain a 3-day diet diary. The dietary recall was assessed at the baseline and at 6 months. Hunger and satiety were assessed subjectively by using a visual analogue scale at -30 min, +30 min and +60 min in relation to a standard breakfast meal at baseline and at 6 months. Food consumption was assessed by Nutrisurvey2007 (EBISPRO) software. Blood samples were obtained to investigate HbA1c at the recruitment and at 6 months. The data were analyzed by paired sample t-test and independent sample t-test. The study was approved by the ethics review committee of the University of Sri Jayewardenepura.
RESULTS AND DISCUSSION
The study sample consisted of 53% (n=38) females. Mean/±SD age of the participants was 49±5.8 years. Majority (71%) of them had a family history of diabetes. Mean/±SD duration of diabetes was 8±5.1 years and the HbA1c was 8.2±1.8%.
According to the results, the intervention group (n=36) showed significantly decreased ratings for level of hunger assessed 30 minutes before a standard meal (44.78±23.74 vs 19.13±20.01, p=0.001) and 30 minutes after the meal (33.94±14.83vs 19.63±19.90, p=0.001) after 6 months of aerobic exercises when compared to the baseline values. Further, their satiety was increased 30 minutes before (29.06±19.81 vs 38.58±26.86, p=0.095) and 30 minutes after (44.22±24.09 vs 47.52±31.10, p=0.611) the meal, although the changes were not statistically significant (figure 01 and 02). In the control group (n=36), the level of hunger 30 minutes before (60.44±32.03 vs 61.55±18.43, p=0.734) and 30 minutes after the meal (14.50±18.54 vs 14.83±16.96, p=0.624) remained unchanged at 6 months when compared to baseline values. further, the control group showed significantly decreased ratings for satiety 30 minutes
before (43.33±32.65 vs 36.02±25.58, p=0.018) and 30 minutes after the meal (60.44±32.03 vs 58.58±30.94, p=0.009) compared to their baseline values. However, both groups did not show any significant change in hunger or satiety at 60 minutes after the meal.
When the two groups were compared, it was observed that hunger decreased and satiety increased in the exercise group with statistically significant findings at -30 min (Mean difference: 26.75±6.72, p=0.001) and +30 min (Mean difference: 14.63±3.28, p=0.001) for hunger and satiety at -30 min (Mean difference: 16.83±6.27, p=0.009) compared to the control group.
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Figure 1. Change in hunger level (Mean/±SD) between 0 and 6 months in the intervention group assessed at -30 min, +30min and +60min in relation to a standard breakfast meal (p<0.05)*.
 Figure 2. Change in satiety level (Mean/±SD) between 0 and 6 months in the intervention group assessed at -30 min, +30min and +60min in relation to a standard breakfast meal (p<0.05)*.
In consistent with our study findings, most of the studies elsewhere have reported similar results in healthy individuals even in response to a single bout of acute exercises (Broom et al., 2009, Balaguera et al., 2011). Broom et al., (2009) showed that in a group of young healthy men who performed treadmill running for 60 minutes had reduced pre-prandial hunger (p<0.05) compared to a control group. Similarly, another study by King et al., (2010), who investigated a group of young men who performed 90 minutes of treadmill running, which was considered a prolonged treadmill run revealed that not only hunger (p<0.05), but also the prospective food consumption (p<0.05) was significantly reduced. In addition, it was shown that the exercise group experienced significantly increased feeling of fullness (p<0.05) compared to the control group. However, this suppression was transient and limited to about 22.5h. In our study, the suppression of hunger persistent for a very short duration as no change in hunger was observed at 60 minutes after the test meal. In contrast to these findings, a study conducted among two groups of men, normal weight and overweight, who followed five days of aerobic exercises, 1 hour per day showed no change in perceived hunger in both groups. Further, this experiment suggested that overweight men tend to have reduced satiety due to lower Glucagon Like Peptide-1 (GLP-1) concentration compared to normal weight men (Chanoine et al., 2008).
According to the findings of most previous studies, it can be postulated that hunger is transiently suppressed following exercises due to suppression of acylated plasma ghrelin concentrations, increased Peptide tyrosine (PYY), Pancreatic Polypeptide (PP) and GLP-1 (King et al., 2010, Balaguera et al., 2011, Broom et al., 2009). Even though the exact mechanism producing this effect has not been identified, a recent review suggested that moderate to high intensity aerobic exercises transiently suppress acylated ghrelin (p<0.001) thereby suppressing hunger in healthy individuals (King et al., 2017) suggesting that exercise elicits a hormone mediated appetite regulation in healthy individuals. Although the mechanism responsible for the change in hunger and satiety in T2DM patients following long-term exercise has not been studied extensively, findings of previous studies imply that GLP-1 has a physiological role in enhancing satiety in T2DM patients (Gutzwiller et al., 1999). Interestingly, a study conducted in Korea on two groups of adolescents with T2DM who performed supervised low intensity (6 days/week, <40% heart rate) and high intensity (3 days/week, > 80% heart rate) aerobic exercises for 12 weeks has reported significantly increased plasma GLP-1 levels in the high intensity exercise group (Lee et al., 2015). Although the mechanism responsible for changes in hunger and satiety following long term regular exercises was not assessed in our study, we assume that the decrease in hunger and the increase in satiety in patients with T2DM is mediated by hormonal changes. The present study demonstrated reduced hunger 30 min before (p=0.001) and 30 min after (p=0.001) a standard breakfast meal in T2DM patients following a regular aerobic exercise regimen for 6 months. Further, the intervention group showed significantly reduced HbA1c (mean) values after 6 months of regular exercise when compared to the baseline (i.e. 8.0% vs 7.6%; p=0.047). Therefore, it is likely that better glycemic control is achieved through regular exercises, in addition to reduced hunger and increased satiety.
Total calorie and macronutrient consumption
Total calorie and macronutrient intake in the study participants at baseline and at 6 months are shown in Table 01. According to the results, aerobic exercise group showed significantly reduced total calorie and macronutrient consumption at 6 months compared to the baseline. However, the control group too showed a significantly reduced calorie consumption at 6 months compared to the baseline although there was no significant change in macronutrient intake when they were considered separately. Although the reason for this finding is not exactly clear, maintaining a diet diary itself may be the reason for reducing the calorie intake in the control group. Though both groups showed reduced total calorie intake after 6 months, a statistically significant finding was not observed when the comparison was made between the two groups (p>0.05).
Table 1. 
Total calorie and macronutrient consumption by study participants
	
	0 month


	6 months
	p value

	Aerobic
	Total calories 
	1899.13±665.17
	1783.72±547.69
	0.002

	group
	Carbohydrate
	243.11±103.98
	193.66±103.91
	0.001

	(n=36)
	Protein
	58.31±26.28
	39.59±25.62
	0.001

	
	Fat
	81.07±31.59
	72.76±31.27
	0.001

	Control
	Total calories
	2129.01±494.84
	2060.91±435.00
	0.007

	group
	Carbohydrate
	213.43±84.94
	207.13±67.39
	0.343

	(n=36)
	Protein
	80.09±41.54
	74.25±39.60
	0.141

	
	Fat
	109.08±30.65
	110.71±28.96
	0.664


Previous studies have shown the effects of exercise on energy and macronutrient intake in healthy (Flint et al., 1998) as well as in T2DM patients (Gutzwiller et al., 1999). The present study showed significant changes in total energy and macronutrient intake in T2DM patients who performed regular aerobic exercise for 6 months. However, Jahan et al., (2016) who investigated the effects of vigorous intensity and moderate intensity exercises on appetite and energy intake in young healthy men revealed that total calorie consumption was higher in moderate intensity 
exercise compared to vigorous intensity exercise (p<0.05) suggesting that intensity of exercise influence the appetite and food intake which was assessed by giving a test meal 30 minutes after the intervention. Even though the exact mechanism of exercise induced reduction in energy intake is not well established, few experimental data on placebo controlled randomized cross over studies have shown the physiological effects of GLP-1 in significantly reducing the energy intake in T2DM patients (Gutzwiller et al., 1999) as well as in healthy individuals (Flint et al., 1998). The inconsistency in findings is likely due to dissimilarities in participant characteristics and study methods.
CONCLUSIONS/RECOMMENDATIONS
In conclusion, regular aerobic exercises for a period of 6-months cause a reduction in the subjective level of hunger and improve satiety leading to reductions in the total calorie and macronutrient intake. Importantly, all these may lead to improving the glycemic control in T2DM patients.
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Gutzwiller, J.P., Drewe, J., Göke, B., Schmidt, H., Rohrer, B., Lareida, J. and Beglinger, C. (1999). Glucagon-like peptide-1 promotes satiety and reduces food intake in patients with diabetes mellitus type 2. American Journal of Physiology-Regulatory, Integrative and Comparative Physiology, 276(5), pp. R1541-R1544.
Jahan-Mihan, A., Magyari, P., Pinkstaff, S., Palamidy, V., Drake, K. and Quinn, C. (2016). The Effect of Intensity of Exercise on Appetite and Food Intake in Post-Exercise Period. The FASEB Journal, 30(1_supplement), pp.1161-8.
King, J.A., Miyashita, M., Wasse, L.K. and Stensel, D.J. (2010). Influence of prolonged treadmill running on appetite, energy intake and circulating concentrations of acylated ghrelin. Appetite, 54(3), pp.492-498.
King J.A., Deighton K., Broom D.R., Wasse L.K., Douglas J.A., Burns S.F., Cordery P.A., Petherick E.S., Batterham R.L., Goltz F.R., Thackray A.E., Yates T., Stensel D.J. (2017) Individual Variation in Hunger, Energy Intake, and Ghrelin Responses to Acute Exercise. Journal of the American College of Sports Medicine, 49(6):1219-1228. 

Lee, S.S., Yoo, J.H. and So, Y.S. (2015). Effect of the low-versus high-intensity exercise training on endoplasmic reticulum stress and GLP-1 in adolescents with type 2 diabetes mellitus. Journal of physical therapy science, 27(10), pp.3063-3068.

World Health Organization. (2020). Diabetes. Retrieved from https://www.who.int/news-room/fact-sheet/detail/diabetes; appeared on 31st July 2020 19:41:33 GMT
ACKNOWLEDGMENTS
This study was supported by the Research Grants obtained from University of Sri Jayewardenepura (ASP/RE/06/MED/2014/15) and (ASP/RE/01/MED/2017/31).
� EMBED Excel.Chart.8 \s ���











_1661605222.xls
Chart1

		-30 min		-30 min		3.958		3.958		3.33527		3.33527

		+30 min		+30 min		2.472		2.472		3.31762		3.31762

		+60 min		+60 min		3.249		3.249		2.73872		2.73872



*

*

*

*

Baseline

6 months

Duration (minutes)

Ratings on Visual Analogue Scale (mm)+/-SEM

44.78

19.13

33.94

19.63

24.22

28.75



Sheet2

						Hunger		Intervention				SEM values																Satiety		Intervention						SEM values

				-30 min		+30 min		+60 min				-30 min		+30 min		+60 min										-30 min		+30 min		+60 min				-30 min		+30 min		+60 min

		Baseline		44.78		33.94		24.22				3.958		2.472		3.249						Baseline				29.06		44.22		44.22				3.302		4.015		4.015

		3 months		21.83		21.31		26.86				3.248		2.318		3.086						3 months				47.75		56.19		41.78				4.714		2.536		3.654

		6 months		19.13		19.63		28.75				3.33527		3.31762		2.73872						6 months				38.58		47.52		42.66				4.47752		5.18461		3.44319



*

*

*



Sheet2

						3.958		3.958		3.33527		3.33527

						2.472		2.472		3.31762		3.31762

						3.249		3.249		2.73872		2.73872



*

*

*

*

Baseline

6 months

Duration (minutes)

Ratings on Visual Analogue Scale (mm)+/-SEM



Sheet3

						3.302		3.302		4.47752		4.47752

						4.015		4.015		5.18461		5.18461

						4.015		4.015		3.44319		3.44319



*

*

*

*

Baseline

6 months

Duration (minutes)

Ratings on Visual Analogue Scale (mm)+/-SEM



		






_1661608681.xls
Chart1

		-30 min		-30 min		3.302		3.302		4.47752		4.47752

		+30 min		+30 min		4.015		4.015		5.18461		5.18461

		+60 min		+60 min		4.015		4.015		3.44319		3.44319



*

*

*

*

Baseline

6 months

Duration (minutes)

Ratings on Visual Analogue Scale (mm)+/-SEM

29.06

38.58

44.22

47.52

44.22

42.66



Sheet2

						Hunger		Intervention				SEM values																Satiety		Intervention						SEM values

				-30 min		+30 min		+60 min				-30 min		+30 min		+60 min										-30 min		+30 min		+60 min				-30 min		+30 min		+60 min

		Baseline		44.78		33.94		24.22				3.958		2.472		3.249						Baseline				29.06		44.22		44.22				3.302		4.015		4.015

		3 months		21.83		21.31		26.86				3.248		2.318		3.086						3 months				47.75		56.19		41.78				4.714		2.536		3.654

		6 months		19.13		19.63		28.75				3.33527		3.31762		2.73872						6 months				38.58		47.52		42.66				4.47752		5.18461		3.44319



*

*

*



Sheet2

						3.958		3.958		3.33527		3.33527

						2.472		2.472		3.31762		3.31762

						3.249		3.249		2.73872		2.73872



*

*

*

*

Baseline

6 months

Duration (minutes)

Ratings on Visual Analogue Scale (mm)+/-SEM



Sheet3

						3.302		3.302		4.47752		4.47752

						4.015		4.015		5.18461		5.18461

						4.015		4.015		3.44319		3.44319



*

*

*

*

Baseline

6 months

Duration (minutes)

Ratings on Visual Analogue Scale (mm)+/-SEM



		






