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Abstract
Background: In the past few decades, swimming became one of the most important physical activities
within the health system and is considered a practical nonpharmacological approach to managing of
type 2 diabetes (T2DM), hyperlipidemia, hypertension (HTN), and obesity. The current study aimed to
assess the effect of long-term swimming sessions on glycemic and lipidemic parameters, hemodynamic
responses, body fat percent, and body mass index for patients with metabolic risk factors from Palestine.

Methods: Forty participants from both genders with T2DM and HTN (aged 52.4±5.5 yrs) agreed to
participate in this quasi-experimental study and were divided into two groups. The �rst group included the
participants who performed long-term swimming sessions and the second group served as the control.
The �rst group exercised for 2 h, 3 times/week in 29-33◦C swimming pool temperature for 16 weeks.
Simultaneously, the control group did not participate in any exercise and advised them to keep on with
their everyday lifestyle. All the obtained metabolic syndrome risk factors data were analyzed using a two-
way ANOVA analysis of variance (2*2) which was applied to determine the differences according group,
time, and interaction.

Results: The results showed that there were statistically signi�cant differences at p < 0.05 in the variables
of Total Cholesterol (TC), High Density of Lipoprotein (HDL), Low Density of Lipoprotein (LDL),
Triglycerides (TG), Blood Glucose (BG), Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP),
Body Mass Index (BMI), and body fat percent according to group, time, and interaction for the
experimental group.

Conclusions: The �ndings of the current study suggested that the regular 16 weeks of swimming
sessions could be considered nonpharmacological approaches in managing T2DM and HTN.

Background
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by long-lasting hyperglycemia,
which mainly occurs due to disturbances in insulin action, insulin secretion, or both [1]. Long-lasting
hyperglycemia has been associated with harmful damages, dysfunction, and failure of different body
organs like blood vessels, heart, nerves, kidneys, and the eyes' retina, among others [2]. According to the
World Health Organization (WHO), the number of diabetic patients has been quadruplicated in the last
four decades [3]. Unfortunately, the prevalence of DM among the Palestinian population (East Jerusalem,
Gaza, and West Bank) is about two to three times higher than in the rest of the world [4].

Hypertension (HTN) is another chronic metabolic disorder, characterized by the elevation of systolic
and/or diastolic blood pressure, which can be associated with lethal complications such as heart failure
and stroke [5]. The WHO estimated that about 1.13 billion of the world population reported HTN.
Moreover, two-thirds of people living in the middle- and low-income countries have HTN, as reported in the
same study. Despite the severity of HTN, which can cause premature death worldwide, about 20% of
patients with this disease keep it under control [6].
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Another metabolic disease that is threatening humanity is hyperlipidemia, in which lipids, �brous plaques,
calcium, and cholesterol can accumulate on the walls of the blood vessels. Lipid deposits can build up
and result in narrowing and hardening of the arteries. Consequently, tissues and organs would not receive
enough blood to function correctly. If arteries that supply the heart with blood are affected, this
accumulation can narrow the blood vessel and reduce blood �ow and oxygen to the heart's muscle, which
can cause angina pectoris [7]. Simultaneously, the complete blockage of the artery can cause myocardial
infarction, which is commonly known as a heart attack. Besides, if the fatty matters build up in the brain
arteries, that can lead to stroke if a blood clot blocks blood �ow in the cervical circulation [8].

Due to DM’s harmful complications on blood vessels, HTN may occur in many diabetic patients,
especially those suffering from uncontrolled blood glucose levels [9]. Therefore, it has been demonstrated
that there are substantial overlaps between DM and HTN in the disease’s mechanisms and etiology [10].
HTN is documented in 2 out of 3 patients with T2DM, and its development co-occurs with the
development of hyperglycemia. This association underlies many pathophysiological mechanisms,
including the excitatory effect of hyperglycemia on the renin-angiotensin-aldosterone system, the
stimulatory effect of hyperinsulinemia on the sympathetic nervous system, smooth muscle growth,
insulin resistance in the nitric oxide pathway, the retentions of sodium and �uid. In patients with T2DM
and HTN usually increases the risk of many cardiovascular diseases. According to recent guidelines,
blood pressure lower than 140/85 mmHg is a reasonable therapeutic goal in patients with T2DM, and
patients with controlled diabetes have the same cardiovascular risk as patients with hypertension but
without diabetes [11]. T2DM and HTN tend to occur in the same patients who may also have other
disorders, such as high body mass index, high-fat percentages, high plasma concentrations of insulin,
and triglycerides (TG) and low serum concentrations of high-density lipoproteins (HDL) and others [12].

Accordingly, these chronic diseases must be carefully treated, and the related medical conditions require
appropriate management because pathological and mental health problems may increase the risk of
developing many major public health diseases, which may contribute to premature death. Lifestyle
modi�cation and glucose- and blood pressure-lowering medications are provided to keep glucose and
atrial blood pressure levels close to normal [13].

One of the essential points for improving lifestyle is the continuous practice of physical exercises that
signi�cantly improve blood circulation, metabolic processes, and other physiological functions [14].

Swimming is one of the safest and gratifying methods of aerobic physical exercise [15]. In the traditional
form of swimming, people can burn many calories, improve their musculoskeletal system and other
physiological functions with minimal adverse effects on joints, heart, and other organs, especially in older
people when swimming is conducted at a moderate or low speed [16]. Besides, moderate-intensity
aerobic exercises are promising lifestyle interventions to improve patients’ cognitive function with mild
cognitive impairment who have a heightened risk of developing dementia [17]. Moreover, regular aerobic
exercises positively affect symptoms of attention de�cit hyperactivity disorder, anxiety, depression, and
other mental health disorders [18, 19].
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Many scienti�c data described the effects of swimming and other types of aerobic physical �tness on
diabetes, cardiovascular, and respiratory systems responses, and their effects on the serum lipid pro�le,
body fat percentage, and muscle mass in subjects with T2DM [20–24].

To the best of our knowledge, investigations that describe the effects of long-term swimming sessions
among patients suffering from T2DM and HTN as comorbid in Palestine are missing from the literature.
Therefore, more information to evaluate the effects of regular long-term swimming procedures on blood
glucose level, blood lipid pro�le, blood pressure, body mass index, and body fat percent in T2DM and
HTN patients is required.

Therefore, this study investigates the outcomes of 16 weeks of swimming sessions on blood pressure
levels, glycemic responses, lipid pro�les, body mass index, and body fat percent in patients with T2DM
and HTN compared with a control group suffering from these disorders without swimming sessions.

Methods

Participants
Forty patients (twenty women and twenty men with age 52.35 ± 5.5 yrs) diagnosed with T2DM and HTN
from the employees of An-Najah National University were included in the current study. The study was
conducted on a purposive sample consisting of two groups (experimental and control (of 20 patients
each. Both groups included patients of both genders evenly split between males and females. The men
(n = 20) were divided equally into two groups, experimental and control, and for women. The �rst group
included the participants who performed long-term swimming sessions and the second group served as
the control. The control group did not participate in any exercise and advised them to keep on with their
everyday lifestyle.

The experimental group underwent swimming as a recreational and sports program. The intensity of the
swimming was moderate and below average and did not require high effort.

Each session began with a 20 min warm-up, then the participants conducted some aerobic exercises for
10 min, free-swimming for 85 min, and cool-down exercises for 5 min.
While in the control group, they did not participate in any sports program throughout conducting this
study, and all the participants in the current study are athletically inactive and have average skill level in
swimming.

The study participants were instructed not to change their medications, diet, water intake, behavior, and
sleep-rest patterns. Patients were also asked not to perform any other type of physical exercise during
this experiment. T2DM and HTN medications had to be stable during the swimming sessions for all the
participants.
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Patients with a history of chronic pulmonary, stroke, and peripheral artery diseases also participants
suffering from nephropathy, infections, peripheral ulcers, or problems with glycemic control were
excluded from the current study. The participants were assigned for a 120 min swimming session, three
times weekly for 16 weeks in the pool temperature of 29 to 33°C. Clari�cation of the bene�ts, possible
risks, and adverse effects of long-term swimming sessions of participating in this study were established
before the participants signing the informed consent forms. The biomedical tests were taken before
starting the current study and repeated after sixteen weeks. The participants could stop the swimming
sessions anytime they experienced an uncomfortable feeling.

Procedures
The instructions of swimming sessions were given to the participants during 16 weeks of this study by
quali�ed physical education researchers. Glucose levels were measured using a glucometer (OneTouch
Ultra®, USA), while blood pressure was measured utilizing a mercury sphygmomanometer (Diamond
BPMR120 Deluxe Conventional Mercurial Type BP Instrument, India). Moreover, the researchers
calculated the body mass index and fat mass percent before and after �nishing the current study. The
capillary glycaemia and blood pressure measurements were taken before and after 10 min of each
swimming session.

All participants provided the researchers with their biochemical laboratory analysis data for TG, TC, LDL,
and HDL before starting and after �nishing the current experiment.
However, these biochemical analyses were performed in accordance with the standard biochemical
procedures and protocols. The biochemical analysis was carried out in a certi�ed medical laboratory (Al-
Wafaa Medical Laboratory, Palestine) by certi�ed and trained laboratory technologists with experience in
the use of automated analyzers. For every automated machine, daily quality assurance checks were
conducted in accordance with the manufacturer’s recommendations.

Ethical considerations
The study protocols, aims, and the informed consent forms were approved by the Institutional Review
Board (IRB) at An-Najah National University (IRB archived number 3.7.2019). The study was conducted in
accordance with the requirements of the declarations of Helsinki.

A written informed consent obtained from all the participants before they entered in current study.
Participants were not offered any incentives and they were able to withdraw from the study at any time.
Data obtained was kept con�dential.

Statistical analyses
Means and standard deviations were utilized as descriptive statistics. Two-way ANOVA analysis of
variance (2*2) was applied to determine the differences according to group, time, and interaction. The
effect size was determined by using partial eta squared. No abnormal distributions were noticed in
pretests according to Shapiro- Wilk results for both groups. Data were analyzed by using Statistical
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Package for the Social Sciences (SPSS) version 20 (IBM SPSS® software, USA) program, and the level of
signi�cance was �xed at p < 0.05.

Results
As depicted in Table 1, the two-way ANNOVA results revealed that there were signi�cant differences at p < 
0.05 on all of the studied variables according to group, time, and interaction. However, in the case of
group (experimental vs. control), in favor of the experimental group, there were signi�cant differences at
p < 0.05 on the posttest of the TC, HDL, LDL, TG, BMI, body fat percent, BG, SBP and DBP variables. On
the contrary, no signi�cant differences were found at p < 0.05 on the pretests of all variables between the
experimental and control groups. Concerning the comparison between pre- and post-tests, the �ndings of
the present study showed that there were statistically signi�cant differences at p < 0.05 in all of the
variables (TC, HDL, LDL, TG, BMI, body fat percent, SBP and DBP) in favor of posttests in the
experimental group. Regarding the control group, no signi�cant differences were found at p < 0.05
between the pre- and post-tests of all variables. In the case of interaction (group* time), there was
statistically signi�cant interaction at p < 0.05 for all of studied variables in favor of the post tests for the
experimental group.
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Table 1
Summary of two-way ANOVA results for the differences in lipidemia, blood glucose, hypertension, BMI,

and fat percent according to group (Experimental vs Control), time (Pre vs Post), and interaction.
Variables
(units)

Group M ± SD Variation Effect
size

(Partial
Eta²)

Pre Post Group Time Interaction  

TC (mg/dl) Experimental 225.95 ± 
20.10

173.35 ± 
13.60*

0.000* 0.000* 0.000* 0.437

0.327

0.350
Control 231.35 ± 

19.97
232.55 ± 
20.69

HDL
(mg/dl)

Experimental 33.35 ± 
3.08

40.55 ± 
2.70*

0.000* 0.000* 0.000* 0.211

0.296

0.273
Control 33.90 ± 

3.02
34.10 ± 
2.88

LDL
(mg/dl)

Experimental 157.49 ± 
21.31

105.71 ± 
14.62*

0.000* 0.000* 0.000* 0.398

0.311

0.328
Control 161.80 ± 

19.71
162.80 ± 
21.04

TG (mg/dl) Experimental 175.55 ± 
13.06

135.45 ± 
1096*

0.000* 0.000* 0.000* 0.557

0.488

0.494
Control 178.25 ± 

7.95
178.50 ± 
9.16

BMI
(kg/m²)

Experimental 29.05 ± 
1.67

26.19 ± 
1.84*

0.002* 0.000* 0.000* 0.115

0.158

0.151
Control 28.84 ± 

1.59
28.80 ± 
1.74

Fat (%) Experimental 26.89 ± 
2.70

21.91 ± 
2.38*

0.001* 0.000* 0.000* 0.132

0.229

0.206
Control 26.33 ± 

2.34
26.16 ± 
2.25

BG (mg/dl) Experimental 207.55 ± 
37.34

140.80 ± 
19.05

0.002* 0.000* 0.000* 0.120

0.348

0.217
Control 199.20 ± 

27.12
188.35 ± 
21.80

Note values are: M ± SD = Mean ± Standard Deviation; TC = Total Cholesterol; HDL = High Density of
Lipoprotein; LDL = Low Density of Lipoprotein; TG = Triglycerides; BMI = Body Mass Index; BG = Blood
Glucose; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; *Signi�cant differences at p 
< 0.05.
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SBP
(mmHg)

Experimental 157.95 ± 
12.56

134.10 ± 
13.62*

0.000* 0.000* 0.000* 0.155

0.273

0.167
Control 157.50 ± 

11.33
153.80 ± 
7.83

DBP
(mmHg)

Experimental 98.65 ± 
3.91

87.55 ± 
4.89*

0.001* 0.000* 0.000* 0.147

0.279

0.165
Control 98.35 ± 

6.50
96.50 ± 
5.68

Note values are: M ± SD = Mean ± Standard Deviation; TC = Total Cholesterol; HDL = High Density of
Lipoprotein; LDL = Low Density of Lipoprotein; TG = Triglycerides; BMI = Body Mass Index; BG = Blood
Glucose; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; *Signi�cant differences at p 
< 0.05.

Discussion
Regular physical exercises are associated with a decrease in mortality and the risk of developing various
cardiovascular diseases. Physical exercises have also been found to slow aging, reduce physiological
dysfunctions, and decrease DM complications by improving endurance, metabolism, muscle strength,
circulation, and decreasing body fat mass [25, 26]. Besides, physically active individuals have higher
insulin sensitivity, lower blood pressure, and a more favorable plasma lipoprotein pro�le [27]. However, to
the best of the author’s knowledge, no previous data documented the effect of regular long-term
swimming program on patients with chronic diseases like T2DM and HTN from the West Bank area of
Palestine.

In the current study, the statistical analysis results between groups (experimental vs. control) showed that
the TC, HDL, LDL, TG, BMI, body fat percent, BG, SBP and DBP variables on the posttest were signi�cantly
improved (p < 0.05) with effect size of partial eta squared were 43.7%, 21.1%, 39.8%, 55.7%, 11.5%, 13.2%,
12%, 15.5%, and 14.7%. While, no signi�cant difference was found at p < 0.05 on the pretest of all studied
variables compared to the control group.

Moreover, comparing the pre- and post-tests results, the �ndings of this study showed that there were
statistically signi�cant differences (p < 0.05) in all conducted variables (TC, HDL, LDL, TG, BMI, body fat
percent, SBP and DBP) in favor of posttests in the experimental group, as the effects size of partial eta
squared were 32.7%, 29.6%, 31.1%, 48.8%, 15.8%, 22.9%, 34.8%, 27.3% and 27.9%, respectively. Whereas,
no signi�cant differences were found at p < 0.05 between pre- and post-tests of the studied variables in
the control group.

In addition, in the case of interaction (group* time), there was statistically signi�cant interaction (p < 0.05)
for all of studied variables. However, the value of HDL in the post test for patients (experimental group)
was signi�cantly the greatest compared to these values of pretest (for patients in both groups) and the
post test for patients of the control group, as the effects size of partial eta squared was (27.3%).
Furthermore, the values of posttest for the variables (TC, LDL, TG, BMI, body fat percent, BG, SBP and
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DBP) among patients (experimental group) were signi�cantly the lowest in comparison with these values
of pretest for patients in both groups and in the post test for patients (control group), as the effects size
of partial eta squared were 35%, 32.8%, 49.4%, 15.1%, 20.6%, 21.7%, 16.7% and 16.5%, respectively.

These results indicate that the participating in swimming sessions regularly has positive impact on the
biochemical variables for the experimental group according to TC, HDL, LDL, TG, BG, BMI, and body fat
percent tests.

It is known that physical exercises decrease blood glucose levels by increasing the sensitivity to insulin in
the exercised muscle and enhancing muscle contraction-induced glucose uptake in these muscles. The
mechanisms include increased hexokinase activity, increased glycogen synthase activity, decreased
release and enhanced clearance of free fatty acids, increased post-receptor insulin signaling, GLUT4
mRNA and protein, and enhanced in�ux of glucose to the muscles due to enhanced muscle
capillarization and blood �ow. Also, the physical exercises enhanced the ability of the muscles to burn fat
to a greater extent instead of glycogen. This is mediated by activation of a number of enzymes in the
skeletal muscles that are necessary for lipid metabolism which affect positively in decreasing TG, TC and
LDL and increasing the levels of HDL [28, 29].

In addition, regular training contributes into the enhancement of glucose uptake into skeletal muscles and
could activate hormones like adiponectin. The higher circulating levels of adiponectin is bene�cial during
exercise and favors the oxidation of fat and glucose uptake into muscles. The decrease in fat and blood
pressure could also be critical elements of decreasing T2DM complications [30].

In the experimental group of the current study, we noticed that the body fat percent and BMI signi�cantly
decreased as veri�ed by the difference in results before and after the change within the group. However,
the control group showed no signi�cant difference. In fact, physical exercises can increase energy
consumption and enhance lipolysis, thereby reducing the body fat mass and BMI [28].

The improvements in blood lipid pro�les for experimental group lead to improvements in the blood
pressure parameters while did not change signi�cantly in the control group. In contrast, the lack of
exercise causes disorder in the lipoprotein metabolism in the blood to result in an increase in the density
of TC and LDL in the blood, and decrease in the HDL density which can cause various cardiovascular
disorders. In fact, although the blood pressure-lowering effect of physical exercises is considered to be
multifactorial, but seems to be independent of weight loss and energy expenditure. The mechanisms
include neurohumoral, vascular and structural adaptation. The antihypertensive effect is believed to be
mediated via reduced sympathetically induced vasoconstriction in the trained state, and decreased
catecholamine levels [31].

These observations are in agreement with previously published studies which concluded that
participating in aerobic exercises can improve the metabolic risk factors signi�cantly, as well as the
associated reductions in the levels of TC, LDL, TG, BG, SBP, DBP, BMI, and body fat percent and elevated
the HDL level [20–22, 32–35].
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Predominantly, recreational swimming exercise is based on aerobic metabolism because both lipids and
carbohydrates are the primary sources of energy. For that, aerobic exercises have a positive effect on the
metabolism of these substances [22]. Several published studies demonstrated a positive relationship
between aerobic aquatic exercise and the right physiological and psychological conditions. These studies
showed that regular physical exercises could reduce musculoskeletal disorders, many metabolic risk
factors, anxiety, insomnia, depression, and stress [36–39]. Brie�y, these results emphasize that practicing
swimming regularly by patients suffering from Type II DM and HTN has a signi�cant positive effect on
TC, HDL, LDL, TG, BG, SBP, DBP, BMI, and body fat percentage compared to those who never participated
in swimming sessions. In addition, regular swimming exercises improved metabolism rates, life style,
boosting mood also increased the burning a lot of calories for these patients.

In conclusion, we recommended that T2DM, and HTN patients should regularly follow different types of
training, including swimming, to have optimal health bene�ts [40].

Limitations
Considerable di�culty was to recruit patients that were free from other complicating disorders and
disabling conditions like the patients who have a history of chronic pulmonary diseases, stroke,
peripheral artery diseases, and nephropathy. Moreover, the patients who have severe infections, peripheral
ulcers, or have problems with glycemic control, which are more common in patients with the combination
of T2DM and HTN, were excluded from the current study. Therefore, the sample size of the participants
was small as planned by researchers. Furthermore, the current study was planned to be carried out for
twelve months. Unfortunately, due to the COVID-19 pandemic, which started in our country in May 2020,
we stopped the current study to protect the participants and researchers from this lethal infectious
disease. A future study required to test all the metabolic risk factor markers, maximal oxygen uptake
(VO2), and heart rate monitoring parameters for a more extended with a larger sample size

Conclusions
Sixteen weeks of regular swimming sessions resulted in signi�cant reductions (p < 0.05) between pre and
post-tests in blood glucose levels, lipids pro�les, BMI, body fat percent, and arterial blood pressure
readings for individuals with T2DM and HTN. No signi�cant differences were found at p < 0.05 between
pre and post-tests for all studied variables in the control group for both genders. Therefore, this kind of
exercise can a useful therapeutic tool for patients with T2DM, HTN, hyperlipidemia, obesity, and
overweight. This is a clinically crucial �nding since a continuous swimming program can be highly
recommended for individuals with HTN and T2DM. Besides, it can be useful for individuals with obesity,
overweight, and hyperlipidemia.

Declarations
Ethics approval and consent to participate



Page 11/14

The Ethics Committee of An-Najah National University approved the current study protocol under the
archive number (3.7.2019) and written informed consent was obtained from all the participants before
starting this study.

Consent for publication

Not applicable

Availability of data and materials

The datasets generated during and analyzed during the current study are not publicly available due to
con�dential information about the participants but are available from the corresponding author on
reasonable request.

Competing interests

The authors declare no con�ict of interest.

Funding

This research was funded by An-Najah National University, grant number ANNU-1920-So023.

Authors' contributions

Conceptualization, N.J. and J.O.; methodology, N.J., J.O., M.Q. and AQ.; software, M.Q.; validation, N.J.,
J.O., M.Q., and AQ.; formal analysis, M.Q. and AQ.; investigation, N.J.; resources, J.O.; data curation, M.Q.;
writing-original draft preparation, N.J.; writing-review and editing, N.J. and M.Q.; visualization, J.O.;
supervision, N.J. and J.O.; project administration, N.J. and J.O.; funding acquisition, J.O. All authors have
read and agreed to the published version of the manuscript.

Acknowledgments

The �nancial support of An-Najah National University to undertake this work under grant number ANNU-
1920-So023 is highly acknowledged.

Abbreviations
T2DM: Type 2 Diabetes; HTN: Hypertension; DM: Diabetes mellitus; WHO: World Health Organization; TG:
Triglycerides; SPSS: Statistical Package for the Social Sciences; BG: Blood Glucose; SBP: Systolic Blood
Pressure; DBP: Diastolic Blood Pressure; TC: Total Cholesterol; HDL: High Density of Lipoprotein; LDL:
Low Density of Lipoprotein; BMI: Body Mass Index.

References



Page 12/14

1. Baynes HW. Classi�cation, pathophysiology, diagnosis and management of diabetes mellitus. J
Diabetes Metab. 2015; 6: (5): 1-9.

2. Chawla A, Chawla R, Jaggi S. Microvasular and macrovascular complications in diabetes mellitus:
distinct or continuum? Indian J Endocrinol Metab. 2016; 20: (4): 546-551.

3. Diabetes, Fact sheet no. 312 2016. [https://www.who.int/en/news-room/fact-sheets/detail/diabetes].
Accessed

4. Abu-Rmeileh NM, Husseini A, Capewell S, O'Flaherty M. Preventing type 2 diabetes among
Palestinians: comparing �ve future policy scenarios. BMJ Open. 2013; 3: (12): 1-6.

5. Cheung BM, Li C. Diabetes and hypertension: is there a common metabolic pathway? Curr
Atheroscler Rep. 2012; 14: (2): 160-166.

�. Hypertension,. Fact sheet. 2019. [https://www.who.int/news-room/fact-sheets/detail/hypertension].
Accessed

7. Jinnouchi H, Kolodgie FD, Romero M, Virmani R, Finn AV. Pathophysiology of coronary artery disease.
In: Vessel Based Imaging Techniques. edn. Germany: Springer; 2020. 211-227.

�. Libby P, Theroux P. Pathophysiology of coronary artery disease. Circulation. 2005; 111: (25): 3481-
3488.

9. Petrie JR, Guzik TJ, Touyz RM. Diabetes, hypertension, and cardiovascular disease: clinical insights
and vascular mechanisms. Can J Cardiol. 2018; 34: (5): 575-584.

10. Cheung BM, Li C. Diabetes and hypertension: is there a common metabolic pathway? Curr
Atheroscler Rep. 2012; 14: (2): 160-166.

11. Ferrannini E, Cushman WC. Diabetes and hypertension: the bad companions. Lancet. 2012; 380:
(9841): 601-610.

12. Krauss RM. Lipids and lipoproteins in patients with type 2 diabetes. Diabetes care. 2004; 27: (6):
1496-1504.

13. De Boer IH, Bangalore S, Benetos A, Davis AM, Michos ED, Muntner P, Rossing P, Zoungas S, Bakris G.
Diabetes and hypertension: a position statement by the American Diabetes Association. Diabetes
Care. 2017; 40: (9): 1273-1284.

14. Schauer IE, Regensteiner JG, Reusch JE. Exercise in Metabolic Syndrome and Diabetes: A Central
Role for Insulin Sensitivity. In: Insulin Resistance. edn. Germany: Springer; 2020. 293-323.

15. Denning WM, Bressel E, Dolny D, Bressel M, Seeley MK. A review of biophysical differences between
aquatic and land-based exercise. Int J Aquat Res Edu. 2012; 6: (1): 7-13.

1�. Torres-Ronda L, i del Alcázar XS. The properties of water and their applications for training. J Hum
Kinet. 2014; 44: (1): 237-248.

17. Song D, Doris S. Effects of a moderate-intensity aerobic exercise programme on the cognitive
function and quality of life of community-dwelling elderly people with mild cognitive impairment: a
randomised controlled trial. Int J Nurs Stud. 2019; 93: 97-105.

https://www.who.int/en/news-room/fact-sheets/detail/diabetes
https://www.who.int/news-room/fact-sheets/detail/hypertension


Page 13/14

1�. Carek PJ, Laibstain SE, Carek SM. Exercise for the treatment of depression and anxiety. Int J Psychiat
Med. 2011; 41: (1): 15-28.

19. Ahmed GM, Mohamed S. Effect of regular aerobic exercises on behavioral, cognitive and
psychological response in patients with attention de�cit-hyperactivity disorder. Life Sci J. 2011; 8:
(2): 366-371.

20. Åsa C, Maria S, Katharina SS, Bert A. Aquatic exercise is effective in improving exercise performance
in patients with heart failure and type 2 diabetes mellitus. Evid Based Complementary Altern Med.
2012; 2012: 10.1155/2012/349209.

21. Gappmaier E, Lake W, Nelson A, Fisher A. Aerobic exercise in water versus walking on land: effects on
indices of fat reduction and weight loss of obese women. J Sports Med Phys Fitness. 2006; 46: (4):
564-471.

22. Kasprzak Z, Pilaczyńska-Szcześniak Ł. Effects of regular physical exercises in the water on the
metabolic pro�le of women with abdominal obesity. J Hum Kinet. 2014; 41: (1): 71-79.

23. Sideravičiūtė S, Gailiūniene A, Visagurskiene K, Vizbaraite D. The effect of long-term swimming
program on body composition, aerobic capacity and blood lipids in 14-19-year aged healthy girls and
girls with type 1 diabetes mellitus. Medicina (kaunas). 2006; 42: (8): 661-666.

24. Sporis G, Ružić L, Nedić A. The effects of aqua aerobic on patients with type II diabetes mellitus.
Hrvatski športskomedicinski vjesnik. 2013; 28: (1): 33-38.

25. Yang D, Yang Y, Li Y, Han R. Physical exercise as therapy for type 2 diabetes mellitus: from
mechanism to orientation. Ann Nutr Metab. 2019; 74: (4): 313-321.

2�. Pedersen BK. Which type of exercise keeps you young? Curr Opin Clin Nutr. 2019; 22: (2): 167-173.

27. Nystoriak MA, Bhatnagar A. Cardiovascular Effects and Bene�ts of Exercise. Front Cardiovasc Med.
2018; 5: (135).

2�. Pedersen BK, Saltin B. Evidence for prescribing exercise as therapy in chronic disease. Scand J Med
Sci Spor. 2006; 16: (S1): 3-63.

29. Farinha JB, Ramis TR, Vieira AF, Macedo RC, Rodrigues-Krause J, Boeno FP, Schroeder HT, Müller CH,
Boff W, Krause M. Glycemic, in�ammatory and oxidative stress responses to different high-intensity
training protocols in type 1 diabetes: a randomized clinical trial. J Diabetes Complicat. 2018; 32:
(12): 1124-1132.

30. Punthakee Z, Delvin EE, O’Loughlin J, Paradis G, Levy E, Platt RW, Lambert M. Adiponectin, adiposity,
and insulin resistance in children and adolescents. J Clin Endocrinol Metab. 2006; 91: (6): 2119-
2125.

31. Boeno FP, Ramis TR, Munhoz SV, Farinha JB, Moritz CE, Leal-Menezes R, Ribeiro JL, Christou DD,
Reischak-Oliveira A. Effect of aerobic and resistance exercise training on in�ammation, endothelial
function and ambulatory blood pressure in middle-aged hypertensive patients. J Hypertens. 2020; 38:
(12): 2501-2509.

32. Vanhees L, Geladas N, Hansen D, Kouidi E, Niebauer J, Reiner Ž, Cornelissen V, Adamopoulos S,
Prescott E, Börjesson M. Importance of characteristics and modalities of physical activity and



Page 14/14

exercise in the management of cardiovascular health in individuals with cardiovascular risk factors:
recommendations from the EACPR (Part II). EurJPrev Cardiol. 2012; 19: (5): 1005-1033.

33. Tanaka H, Bassett Jr DR, Howley ET, Thompson DL, Ashraf M, Rawson FL. Swimming training lowers
the resting blood pressure in individuals with hypertension. J Hypertens. 1997; 15: (6): 651-657.

34. Kraus WE, Houmard JA, Duscha BD, Knetzger KJ, Wharton MB, McCartney JS, Bales CW, Henes S,
Samsa GP, Otvos JD. Effects of the amount and intensity of exercise on plasma lipoproteins. N Engl
J Med. 2002; 347: (19): 1483-1492.

35. Nualnim N, Parkhurst K, Dhindsa M, Tarumi T, Vavrek J, Tanaka H. Effects of swimming training on
blood pressure and vascular function in adults> 50 years of age. Am J Cardiol. 2012; 109: (7): 1005-
1010.

3�. Malm C, Jakobsson J, Isaksson A. Physical Activity and Sports-Real Health Bene�ts: A Review with
Insight into the Public Health of Sweden. Sports. 2019; 7: (5): 127-133.

37. Stamatakis E, Gale J, Bauman A, Ekelund U, Hamer M, Ding D. Sitting time, physical activity, and risk
of mortality in adults. J Am Coll Cardiol. 2019; 73: (16): 2062-2072.

3�. Wegner M, Helmich I, Machado S, E Nardi A, Arias-Carrion O, Budde H. Effects of exercise on anxiety
and depression disorders: review of meta-analyses and neurobiological mechanisms. CNS Neurol
Disord Drug Targets. 2014; 13: (6): 1002-1014.

39. Bennett K, Manassis K, Duda S, Bagnell A, Bernstein GA, Garland EJ, Miller LD, Newton A, Thabane L,
Wilansky P. Preventing child and adolescent anxiety disorders: overview of systematic reviews.
Depress Anxiety. 2015; 32: (12): 909-918.

40. Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR, Chasan-Taber L, Albright
AL, Braun B. Exercise and type 2 diabetes: the American College of Sports Medicine and the
American Diabetes Association: joint position statement. Diabetes Care. 2010; 33: (12): e147-e167.


