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ABSTRACT 
International Journal of Exercise Science 13(2): 1819-1825, 2020. Swimming is a favorable and ideal 
modality of exercise for individuals with obesity and arthritis as it encompasses a minimal weight-bearing stress 
and a reduced heat load. However, the available evidence indicates that regular swimming may not be effective in 
reducing body weight and body fatness. A current hypothesis is that exercise in cold water stimulates appetite. We 
determined the effect of swimming training on appetite-related hormones. Thirty-nine adults with obesity and 
osteoarthritis were randomly assigned to 12 weeks of supervised swimming or cycling training. In the initial few 
weeks, participants exercised for 20-30 minutes/day, 3 days/week, at an exercise intensity of 40-50% of heart rate 
reserve (HRR). Subsequently, the intensity and duration of exercise were progressively increased to 40-45 
minutes/day, 3 days/week, at an intensity of 60-70% of HRR. Fasting plasma concentrations of ghrelin, insulin, 
leptin, and peptide YY did not change with the swimming or cycling exercise training (p>0.05). Swimming exercise 
did not negatively influence appetite-related hormones in adults with obesity and osteoarthritis to impair weight 
loss. 
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INTRODUCTION 
 
Swimming is a favorable modality of exercise for individuals with obesity and arthritis as it 
encompasses minimal weight-bearing stress and a reduced heat load (4, 15, 16). Swimming, 
however, may not be the most effective modality of exercise for weight reduction. For example, 
six months of swimming was found to be least effective for weight loss when compared with 
walking and cycling exercise interventions (8). This has been speculated to be due to the effects 
of immersion in cold water evoking the release of appetite-related hormones when skin is 
reheated, as postulated in a study comparing exercise with submerged cycling in thermoneutral 
water (33ºC) vs. cold water (20ºC)  (16, 20). Indeed, food consumption after exercise in cold water 
increases as much as 44% when compared with the same exercise in neutral water (20).  
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Among a variety of appetite-related hormones, ghrelin is a gut hormone that regulates energy 
balance via the stimulation of appetite and is a signal of meal initiation (7). Circulating ghrelin 
concentrations are sensitive to changes in body weight during exercise programs (12). 
Additionally, short-term cold exposure upregulates ghrelin and leads to increased food intake 
(17). Insulin is a hormone involved in long term appetite regulation by stimulating satiety (22) 
and acts to suppress the role of ghrelin during hyperinsulinemia and inhibit neuropeptide Y to 
reduce food intake (6). Leptin is a major hormone responsible for energy balance and has been 
shown to reduce food intake (5). Similarly, peptide YY regulates energy balance by reducing 
appetite and is modulated by exercise training (10). Previous chronic aerobic exercise studies 
have demonstrated that ghrelin, insulin, and leptin concentrations decrease while peptide YY 
levels increase following training (1, 3, 21).  However, there is no information available 
regarding the effects of swimming exercise training on these hormonal concentrations.  
 
Accordingly, we aimed to determine the chronic effects of swimming exercise training on 
appetite-related hormones in individuals with obesity and osteoarthritis and compare these 
responses to a cycling training group as a non-weight bearing land-based thermoneutral 
comparison group. 
 
METHODS 
 
Participants 
A total of 39 middle-aged and older sedentary adults (59±1 years) with obesity and osteoarthritis 
were studied. Exclusion criteria included strenuous physical activity >twice/week, cardiac or 
pulmonary diseases, joint replacement surgery, intraarticular injection or systemic 
corticosteroid usage, severe disabling co-morbidity, aquaphobia, and chronic tobacco smoking. 
Institutional review board approved the study, and participants gave their written informed 
consent. The participants in this study are a subset of the cohort in our previously-published 
study (2). This research was carried out fully in accordance to the ethical standards of the 
International Journal of Exercise Science (14). 
 
Protocol 
Participants were randomly assigned to either swimming (n=19; 18 females and 1 male) or 
cycling (n=20; 18 females and 2 males) supervised exercise training groups. Initially, participants 
exercised for 20 to 30 minutes/day and 3 days/week at an exercise intensity of 40-50% of heart 
rate reserve (HRR). As each participant’s level of fitness improved the intensity and duration of 
exercise increased gradually with the goal of attaining 40-45 minutes/day and 3 days/week at 
an intensity of 60-70% of HRR, typically by the 6th week. During the 12-week investigation, 
participants were instructed to maintain their usual lifestyle and dietary habits. 
 
The swimming training was performed in 25-yard long therapeutic swimming pools, in which 
water temperature was held constant at 27-28°C. The cycling training was performed on a 
stationary cycle ergometer in the indoor gymnasium in which the room temperature was 
maintained at 24-26°C. Each participant received instructions to exercise continuously except 
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during the time needed for checking a target intensity by heart rate monitor (Polar, Lake Success, 
NY, USA). 
 
A 10-mL sample of whole blood was obtained before the exercise intervention (pre) and 48 hours 
after their last exercise training session (post) from an antecubital vein using standardized 
protocol, centrifuged for 15 minutes, and aliquoted for plasma. Blood collection was performed 
in the same order and at the same time of day on each participant after having refrained from 
food, alcohol, caffeine, and exercise for at least 8 hours before their arrival. The fasting blood 
samples were analyzed for ghrelin, insulin, leptin, and peptide YY concentrations using 
Millipore multiplex array (HMHEMAG-34K, Millipore Sigma, Burlington, MA, USA) following 
manufactures instructions in a Bio-Plex 200 analyzer (Bio-Rad, Hercules, CA, USA). 
 
Statistical Analysis 
Data analyses were performed using the SPSS version 22.0. Data were first tested for the normal 
distribution. Independent sample t-tests were used to analyze group differences in baseline 
variables and percent change values. A 2-way repeated measures ANOVA was performed to 
evaluate changes in body weight, body mass index (BMI), and hormonal concentrations. A post 
hoc power analysis was conducted using the program G*Power (version 3.1.9.2). Considering 
the difference between the mean and standard deviation (pre to post) with an a-level of 0.05 for 
appetite-related hormones in response to the exercise interventions, the overall sample size of 
39 participants in this study achieved an adequate power of >80%. A p-value <0.05 was used to 
determine statistical significance. 
 
RESULTS 
 
There were no significant differences in height, body weight, BMI, or appetite-related hormones 
prior to the exercise interventions between the cycling and swimming exercise groups, although 
we observed decreased body weight and BMI with both groups following exercise training 
(Table 1). As shown in Figure 1, fasting plasma concentrations of ghrelin (F [1, 37] = 0.785, p = 
0.381), insulin (F [1, 37] = 0.049, p = 0.827), leptin (F [1, 37] = 2.921, p = 0.096), and peptide YY (F [1, 35] 
= 1.154, p = 0.290) did not change with either the swimming or cycling exercise interventions. 
Moreover, there were no significant differences in percent change values of ghrelin (14% vs. 
22%, p = 0.825), insulin (0% vs. -1%, p = 0.937), leptin (-18% vs. -10%, p = 0.256), and peptide YY 
(6% vs. 9%, p = 0.588) between the swimming and cycling exercise interventions, respectively. 
 
Table 1. Changes in participant demographics. 

 Variable Cycling Swimming 
  Pre Post Pre Post 
  Males/Females (n) 2M/18F - 1M/18F - 
  Age (years) 61±1 - 57±2 - 
  Height (cm) 164±2 - 163±1 - 
  Body weight (kg) 87.3±5.2 85.9±5.0* 88.9±4.9 86.4±4.5* 
  BMI (kg/m2)  32.5±2.0 32.0±2.0* 33.1±1.6 32.2±1.5* 

Values are Means±SEM. BMI, body mass index. * p <0.05 versus Pre. 
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Figure 1. Fasting concentrations of appetite-related hormones pre and post exercise interventions. There were no 
significant changes in the hormones (all p>0.05). Data are presented as means±SEM. 
 
DISCUSSION 
 
The present study was conducted to determine the effect of a swimming exercise intervention 
on appetite-related hormones in adults with obesity and osteoarthritis and compare these 
responses to a thermoneutral land-based comparison (cycling) intervention. We demonstrated 
that neither swimming nor cycling exercise interventions had a significant impact on fasting 
plasma concentrations of ghrelin, insulin, leptin, and peptide YY following 12 weeks of training. 
However, we observed a significant decrease in body weight and BMI with both exercise 
interventions. This is the first randomized swimming exercise intervention study to evaluate 
changes in appetite-related hormones. 
 
Acute exercise performed on land has been demonstrated to influence appetite-related 
hormones. For example, regardless of ambient temperature (20 vs. 30 °C), ghrelin was 
suppressed following running for 1 hour at 65% of peak oxygen uptake (19). Additionally, an 
acute bout of treadmill exercise reduced ghrelin concentrations accompanied by decreased 
appetite (18). Cycling at moderate intensity for 1 hour increased mean peptide YY and 
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temporarily decreased hunger sensations, whereas ghrelin did not have an effect (13). This study 
found that both 3 months of swimming and cycling did not influence appetite-related hormones. 
These results differ from previous studies using land-based exercises. In participants with 
obesity and diabetes, high-intensity interval training has been shown to reduce ghrelin 
concentration while increasing peptide YY levels (1). Furthermore, leptin levels were decreased 
following 8 weeks of moderate intensity running in previously sedentary females (3). Moreover, 
insulin levels were decreased 24 hours following a cycling sprint interval training intervention 
but returned to baseline levels after 72 hours (21). In the present study, in an attempt to avoid 
the acute effect of exercise, 48 hours transpired after their last exercise training session prior to 
the blood collection. It could be assumed that if we had assessed the appetite-related hormones 
sooner, we may have found significant changes. However, we would not be able to tease out 
chronic effects from the acute effects of exercise. In this context, an acute bout of swimming had 
no influence on food intake or ghrelin concentrations (11).   
 
Irrespective of modes of exercise, temperature of the exercising medium appears to influence 
the outcome on body weight. For instance, eight weeks of cycling exercise in cold water did not 
result in weight loss in obese women (15). In the present study, the water temperature in the 
swimming pool was relatively mild at 27-28°C as this was a therapeutic pool, which may account 
for the significant decrease in body weight and BMI observed with our swimming intervention. 
Although, this water temperature is still below skin temperature (33°C), which was 
hypothesized to evoke the release of appetite stimulating hormones when the skin is reheated 
(20). It is possible swimming training in cooler or warmer temperatures may evoke a different 
response than what we observed in our current study. Additionally, previous research has 
indicated that acute moderate intensity continuous training and sprint interval training 
increases peptide YY to a larger extent in males than females (9).  In the present study, 
participants were mostly females.  As such, if more males were included in the study, it is 
possible that we may have observed an increase in appetite-related hormones.  
 
In conclusion, our present results indicate that fasting levels of appetite-related hormones did 
not change with 12 weeks of swimming exercise intervention in participants with obesity and 
osteoarthritis and that there were no group differences in changes with these hormones between 
the swimming and cycling exercise interventions. Importantly, this can be taken as a positive 
finding, in that appetite-related hormones are not negatively influenced to impair weight loss 
with swimming exercise interventions for individuals with obesity and osteoarthritis. 
Regarding exercise prescription for this population, our data supports the use of either 
swimming or cycling exercise training to be used with other lifestyle modifications (e.g. diet) to 
promote weight loss. Therefore, individuals with obesity and osteoarthritis are encouraged to 
participate in either minimal weight-bearing stress modality of aerobic exercise that they find 
enjoyable. 
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