
Background
The increasing emergence of obesity in old age (1) creates 
new challenges for health services, and is becoming a 
serious problem worldwide (2). Besides genetics and 
diet, physical exercise is especially authoritative when 
attempting to cut weight or preserve a healthy weight (3). 
However, some people have restrictions that limit their 
ability to take part in the land-based exercise module, 
such as sedentary obese older people who have low levels 
of fitness or difficulties with mobility because of old age, 
neuro-skeletal dysfunctions, and pulmonary disorders 
(4). 

Meanwhile, some review articles have supported the 
use of an aquatics exercise plan to encourage weight 
management (5-7). However, other researchers have 
not confirmed the water exercises’ impacts on these 
issues (8-10), and so there is still disagreement in this 
regard. Besides, no study has specifically assessed the 
consequences of the WATERinMOTION (WiM) plan on 
weight loss and metabolic profiles. 

The WiM plan is a standardized aquatic exercise plan 
with music, in which people of any age can take part and 
the choreography fits the music (11). Findings of studies 
have shown that the body loses 90% of its heaviness 
during immersion in water up to the shoulder (7, 12). 
For this reason, the WiM as a water exercise is especially 
favorable for obese people, who are at increased risk of 
orthopedic traumas secondary to exercise. Moreover, 
while studies on other modalities of water exercise have 
been conducted for at least six weeks (13) or longer (4, 
7, 12, 14), this study investigated whether two weekly 
sessions per month would be enough to enjoy the 
significant health benefits.

Objectives
The purpose of the present study was to define whether 
one-month of WiM aquatic exercise is effective in reducing 
the participants’ body weight waist circumference (WC), 
and improving their metabolic profiles such as glycemia 
and lipid profiles.
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Abstract
Background: The effect of water exercise on weight-loss parameters is still controversial. We aimed to 
explore the effect of WATERinMOTION (WiM) aquatic exercise on weight loss and metabolic profiles in 
sedentary obese elderly men.
Methods: Sixty-one sedentary older men, who came to the Ukrainian Sports Medicine Center for a weight-
loss consultation, voluntarily took part in this cross-sectional study (Kyiv, summer 2019). The participants 
were selected using convenient sampling and allocated randomly to two groups: WiM (n = 31) or a control 
group (n = 30). Meanwhile, the WiM group performed the WiM exercise plan with two weekly sessions 
of 55 minutes each. The control subjects did not participate in any physical exercise. They were asked to 
perform their routine activities during the study. This study lasted for one month. Anthropometric indices 
(height, weight, and waist circumference) and metabolic profile assessment (glycemia and lipid profiles) 
were obtained at baseline and after the study. 
Results: No significant differences were found in any of the analyzed parameters. Pre- and post-study 
comparison showed a significant reduction in weight (-1.8, P  =  0.003) and mean BMI (-0.7, P  =  0.004) in 
the WiM group. Furthermore, a significant difference was found only in weight after the study (P  =  0.002). 
Conclusion: The WiM plan, without dietetic intervention, had a positive influence on weight, waist 
circumference, and metabolic profiles in sedentary obese elderly men.
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Material and Methods 
Sample and Study design
Thirty-five sedentary older men who came to the 
Ukrainian Sports Medicine Center for a weight-loss 
consultation voluntarily took part in this cross-sectional 
study (Kyiv, summer 2019). With the probability of a 
population of 72 people, a 95% confidence level, and a 
five-confidence interval, a sample size of at least 61 by 
creative research systems would have been desirable (15). 
Participants were selected using the convenient sampling 
method and allocated randomly to two groups: WiM 
(n = 31) or a control group (n = 30). Meanwhile, the WiM 
group performed the WiM exercise plan with two weekly 
sessions of 55 minutes each. The participants in the 
control group did not participate in any physical exercise 
and performed their daily activities during the study. The 
study lasted for one month. 

The research team, which included two physicians 
and two trainers, explained the study to the participants. 
A medical examination was done and participants 
presented a physician’s permit, which revealed that 
the study was not prohibited for the participants. The 
participants voluntarily assigned the consent form and 
participated based on the following inclusion criteria: 
sedentary lifestyle as physical exercise frequency from 1 
to 2 times a month or less (14, 16), men aged 65 years 
and over, BMI of ≥30 kg.m-2 (7, 12), living self-sufficiently 
and classified with the level of the functional status of 3, 4 
or 5 concerning the activities of daily living (the average 
status was three in this study) (17). A score of more than 
18 on the Mini-Mental State Examination was another 
inclusion criterion (18). 

We excluded any participant who missed three serial 
sessions or greater than one-third of the sessions or had 
any strong family history of cardiovascular diseases 
and dyslipidemia, volunteers with diabetes, high blood 
pressure, cardiovascular illness, tobacco user (acute and 
chronic), transmittable sicknesses, orthopaedic limits, 
taking drugs that affect lipid metabolisms, products 
such as thyroxine, progestin and estrogen, vitamin E, 
beta-blockers, history of weight control supplements or 
medication such as hormone replacement therapy (19). 
The Institutional Research Ethics Committee approved 
this study and informed consent forms were completed. 
The protocol of the study with all relevant strategies and 
institutional policies was designed consistent with the 
Helsinki Declaration. 

In addition, to control eating habits, a diary was used, 

which had previously been approved by household 
measures (7, 12). Participants were instructed to fill in 
dietary records on four-days (three days per week and 
the weekend), and the same procedure was done right 
after the study to report altered eating habits during the 
study period (7, 12). This information was processed by 
the application of EVIDENT II (20), which was validated 
to calculate the amount of energy consumed (Kcal/day). 
More information on nutritional consumption in this 
study is shown in Table 1.

All participants were asked to maintain their dietary 
habits and leisure-time physical activities during the 
study. Each participants was followed every two weeks. 

The WiM plan 
The typical WiM plan comprised of warming up (five 
minutes), main exercise (45 minutes), and cool down (five 
minutes) (11). Figure 1 provides a schematic diagram 
with more details about the WiM plan.

Additionally, the music used for the WiM is specifically 
tuned so that people of any age can take part in it and 
the choreography fits the music (11). The conditioning of 
intensity was considered moderate to vigorous or 70–85% 
of the maximal heart rate (12, 21). Participants’ heart rates 
were checked with a waterproof device (Polar Electro 
Oy, Kempele, Finland) in all the training sessions. The 
sessions of the WiM plan were held in an indoor pool.

Body measurements 
Anthropometric measures of weight in kilogram (kg) (by 
a Scale-Tronix model 5002, Wheaton, IL, USA, accuracy 
of 0.1 kg), height in centimeter (cm) (by a stadiometer, 
accuracy of 0.1 cm), and WC (cm) were obtained before 
the first aquatic exercise session by the research teams 

Table 1. Changes in nutritional consumption 

Parameters/Group
WiM Group Control Group

Baseline Post-Study P Baseline Post-Study P

Energy (Kcal/day) 2216 (±276) 2241 (±254) 0.7 2286 (±264) 2293 (±249) 0.8

Data are reported as mean (±SD), WiM  =  WATERinMOTION, P < 0.05 was statistically significant compared to baseline. 

 Figure 1. Schematic Diagram of the WiM Plan
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and their BMI’s were computed (7, 12). These measures 
were taken by participants clothed with a light dressing 
and without footwear. Body composition was studied via 
BMI and WC (14, 22). The BMI formula is “the weight 
of a person in kilogram, which is divided into the height 
squares in meter” (23). Obesity is defined as a BMI of 30 
or higher (23). The WC measurement was done in the 
horizontal plane at the middle point of the crest of the 
ilium and the last rib at the end of a normal exhalation 
(14). 

Biochemical evaluation 
Biochemical evaluations were performed in the morning 
(9 to 10 a.m.), after an hour of rest in the semi-recumbent 
position (14), and after a 12 hour overnight fast at baseline 
and after the study (7, 16). Fasting glycemia was examined 
via a Wiener® liquid AA enzymatic glycemia kit with the 
sensitivity of 0.54 mg/dl (Wiener laboratories®, Rosario, 
Argentina). Total cholesterol (TC, with the sensitivity of 
3.86 mg/dl), high-density lipoprotein cholesterol (HDL-C, 
with the sensitivity of 3.09 mg/dl), and triglyceride (TG, 
with the sensitivity of 8.85 mg/dl) were analyzed via the 
enzymatic method utilizing COBAS, Roche Diagnostics, 
Germany. Low-density lipoprotein cholesterol (LDL-C, 
with the sensitivity of 3.87 mg/dl) was computed utilizing 
the Friedewald formula: LDL-C  =  TC – (HDL-C + TG/5). 
This formula can exclusively be used when the TG results 
were < 400mg/dl (24). 

Statistical analysis 
Statistical analysis was done using IBM SPSS 21.0 (SPSS 
Inc.; USA) for Windows. Normally distributed data were 
assessed via the Shapiro-Wilk test and expressed in the 
form of mean values (±SD). Paired samples t test was 
used to compare pre- and post-study data. Comparisons 
between groups were carried out using analysis of 
covariance (ANCOVA). Differences in the distribution 
of categorical parameters from one another were 
analyzed using Pearson’s Chi-squared (χ2) test. The mean 
differences were statistically significant if the values of P 
were less than 0.05. 

Results
Throughout the study, one man was excluded because of 
current tobacco smoking. Therefore, sixty participants, 
who met the study criteria completed the study. 
The preliminary demographic and anthropometric 
characteristics of the participants in both groups are 
demonstrated in Table 2. 

No side effects were reported during the study. Rates of 
completion between the study groups were assessed by χ2 
and did not reveal a significant difference (P  =  0.43). At 
baseline, no significant differences were detected between 
the groups regarding the studied anthropometric and 
biochemical parameters (P˃0. 05). Tables 3 show the 

parameters evaluated in the study groups pre- and post-
study.

Assessment of the outcomes within each group 
regarding time (pre/post) revealed a modest, but 
significant reduction of weight (P  =  0.003) and a 
significant decline in their BMI (P  =  0.004) for the 
WiM group. The WiM group demonstrated an average 
weight reduction of -1.8 kg and a BMI of -0.7 kg.m-2. No 
significant differences were detected in the biochemical 
parameters (TC, P  =  0.11; LDL-C, P  =  0.08; HDL-C, 
P  =  0.14; FBS, P  =  0.18) or WC (P  =  0.1). Furthermore, as 
shown in Figure 2, comparing the two groups after the 
study showed a significant difference only in weight. 

The WiM group exhibited better, yet insignificant 
results concerning other anthropometric or biochemical 
parameters Table 3 and Figure 2).

Discussion 
Our data indicate the effectiveness of the one-month WiM 
plan on weight loss and metabolic profiles in sedentary 
obese older men. In addition to the genetic (25, 26) and 
nutritional (27, 28) components previously recognized 
in some studies, the WiM aquatic exercise plan had a 
positive effect on age-related physiological changes. The 
effect of water exercise on weight-loss parameters is still 
controversial. Penaforte and colleagues (5) performed 
an aquatic exercise plan that lasted two months with 
three weekly sessions in obese older men. They noticed 
significant reductions in weight and BMI. Rezaeipour 
and co-workers (14) performed a 12-week aquatic 
exercise (three sessions per week) in postmenopausal 
women. They reported significant reductions in weight 
loss parameters. However, Charmas and co-workers (8) 
conducted swimming training, which lasted 12 weeks 
three times a week in young people, but no changes in 
weight were found. 

The modest weight loss experienced in this study 
was most likely caused by maintaining a calorie deficit 
during the WiM plan. The WiM plan provides calorie-
burning by the built-in resistance from the viscosity of 
the water that is evident in any movement made. The lack 
of compensatory increases in calorie intake in line with 

Table 2. Baseline demographic and anthropometric characteristics 
of the participants in both groups

Parameters/Group
WiM Group
(men, n = 30)

Control Group
(men, n = 30)

P value

Age, year 70.4 (± 4.3) 69.2 (± 4.1) 0.127

Height, cm 168.5 (± 5.2) 169.6 (± 4.9) 0.134

SBP, mm Hg 126.7 (± 13.2) 127.1 (± 12.6) 0.124

DBP, mm Hg 82.4 (± 4.1) 81.9 (± 3.7) 0.145

Data are reported as mean (±SD), WiM  =  WATERinMOTION, 
DBP  =  diastolic blood pressure, SBP  =  systolic blood pressure, 
P < 0.05 was statistically significant.
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energy expenditure suggests that this aquatic exercise had 
a positive effect on body weight for a month (two sessions 
per week). Whereas, exercise with a restricted diet showed 
more positive weight loss results in another study (29) on 
obese men at the 8th week. Similar results were found 
in meta-analytic studies, which showed that in spite of 
the advantages, the effect of physical exercise on weight 
loss is modest, particularly when not accompanied by 
nutritional control (19, 30). 

Increased WC because of visceral fat can expose a 
person to illness (31). The result of WC was positive, 
but insignificant for the WiM group. Another study 
conducted on older people showed a greater reduction of 
the WC when water-walking and also of longer duration 
(24 to 48 weeks) was performed (32), which can explain 
its better result than the current one. 

The serum level of TG is related to diet and was 
therefore omitted from the study (19, 24). Our outcomes 
also confirmed that changes in the metabolic profiles such 
as glycemia and lipid profiles, while positive, were not 
significant. These findings contradict those of Karo and 
colleagues (33) and Nakhaei and co-workers (34) who 
studied regular moderate-intensity exercise. 

Although the significant associations of this study with 
weight reduction, BMI, and an insignificant decline in 
metabolic profiles suggest that a one-month WiM exercise 

can be a good option for stimulating positive changes in 
weight and metabolic profile of sedentary older men with 
obesity, the short-run WiM aquatic exercise (one- onth) 
is not good for individuals that are at risk because of 
elevated metabolic profiles. 

In the control group, an insignificant rise in weight was 
found. Though this change is not statistically significant, 
the continuation of this trend may over time lead to a 
significant rise in body weight that is linked to a high risk 
of many chronic disorders (35). By analyzing the direction 
of changes in glycemia, such a trend can also be observed. 

Limitations and future research 
The generalizations of these findings are limited and 
may not be seen outside elderly men because of sex- and 
age-related metabolic differences. Moreover, this study 
was unable to compare ground exercises or other water 
exercise plans. Suggestions for future research include the 
use of a randomized controlled trial design and sampling 
in such a way that the population under study had the 
chance to be selected. It is also recommended to explore 
other age and sex groups.

Conclusion
The short-run WiM plan, which is not associated with 
nutritional monitoring had significant benefits for losing 
weight. Its inclusion in lifestyle plans of sedentary obese 
elderly men provides positive results in terms of WC and 
metabolic profiles. The results of this study will enable 
health professionals, such as physicians and trainers, 
to recommend the WiM aquatic exercise plan to their 
patients who cannot easily exercise on the ground to help 
them achieve their physical fitness and health goals.
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Table 3. Describing the studied parameters in both groups at baseline and post-study

Parameters
WiM Group (n  =  30) Control Group (n  =  30)

Baseline Post-Study Baseline Post-Study

Weight, kg 95.5 (±15.6) 93.7 (±14.7) * § 96.2 (±16.8) 96.3 (±16.4)

BMI, kg.m-2 33.2 (±3.1) 32.5 (±2.4) * 32.3 (±2.2) 32.3 (±2.1)

TC, mg/dl 220.8 (±22.7) 216.2 (±23.4) 222.3 (±24.7) 222.8 (±25.1)

LDL-C, mg/dl 139.4 (±21.8) 136.5 (±23.1) 140.4 (±24.8) 139.9 (±23.9)

HDL-C, mg/dl 46.7 (±4.3) 45.9 (±3.9) 47.1 (±7.6) 47.1 (±7.3)

FBS, mg/dl 94.9 (±15.8) 93.2 (±14.3) 95.6 (±14.5) 95.4 (±14.9)

WC, cm 102.9 (±5.8) 102.6 (±5.1) 103.2 (±7.1) 103.3 (±7.8)

Data are reported as mean (±SD). WiM  =  WATERinMOTION, BMI  =  body mass index, TC  =  total cholesterol, LDL-C  =  low-density 
lipoprotein cholesterol, HDL-C  =  high-density lipoprotein cholesterol, FBS  =  fasting blood sugar, WC  =  waist circumference. *, P < 0.05 in 
comparison with pre-study. §, P < 0.05 in comparison with the control group.

Figure 2. Between-Group Comparison of Changes in Parameters 
Assessed During the Study

 [
 D

ow
nl

oa
de

d 
fr

om
 h

m
j.h

um
s.

ac
.ir

 o
n 

20
24

-0
4-

28
 ]

 

                               4 / 6

https://hmj.hums.ac.ir
https://hmj.hums.ac.ir/article-1-1103-en.html


Hormozgan Med J . Vol 25, No 2, 2021 69hjm.hums.ac.irhttp

Rezaeipour and Nychyporuk

hmj.hums.ac.irhttp

substantial contributions to conception, design, and data 
collection. Rezaeipour M was involved in the analysis and 
interpretation of the data, the compilation of the manuscript, the 
critical reworking of it for important intellectual content, and all 
the authors read and approved the final manuscript.

Conflict of Interests
None.

Ethical Approval
This investigation complies with all relevant national statutes, 
institutional policies, and Helsinki Declaration Principles. 
Samples were obtained after informed consent and with the 
approval of the Institutional Research Ethics Committee 
[NMAPE, (2019) No.04112-06]. Participants presented 
physician permission that offered intervention was not 
contraindicated for them.

Funding/Support
None.

Informed Consent
Participants were informed about the research study, and after 
getting a medical certificate to note that the study was not 
contraindicated, provided written informed consent before 
participation.

References
1. World Health Organization (WHO). Global Status Report

on Noncommunicable Diseases 2014. WHO; 2014.
2. Lean ME. Management of obesity and overweight. Medicine. 

2011;39(1):32-8. doi: 10.1016/j.mpmed.2010.10.003.
3. Swift DL, McGee JE, Earnest CP, Carlisle E, Nygard M,

Johannsen NM. The effects of exercise and physical activity 
on weight loss and maintenance. Prog Cardiovasc Dis.
2018;61(2):206-13. doi: 10.1016/j.pcad.2018.07.014.

4. Pereira Neiva H, Brandão Faíl L, Izquierdo M, Marques
MC, Marinho DA. The effect of 12 weeks of water-
aerobics on health status and physical fitness: an ecological 
approach. PLoS One. 2018;13(5):e0198319. doi: 10.1371/
journal.pone.0198319.

5. Penaforte FR, Calhau R, Mota GR, Chiarello PG. Impact
of short-term water exercise programs on weight, body
composition, metabolic profile and quality of life of obese
women. J Hum Sport Exerc. 2015;10(4):915-26. doi:
10.14198/jhse.2015.104.07.

6. Pereira C, da Silva RA, de Oliveira MR, Souza RDN, Borges 
RJ, Vieira ER. Effect of body mass index and fat mass on
balance force platform measurements during a one-legged
stance in older adults. Aging Clin Exp Res. 2018;30(5):441-
7. doi: 10.1007/s40520-017-0796-6.

7. Rezaeipour M, Apanasenko GL. Effects of waterobics
programs on body mass, body composition, and coronary
risk profile of sedentary obese middle-aged women.
Womens Health Bull. 2019;6(4):13-7. doi: 10.30476/
whb.2019.45881.

8. Charmas M, Gromisz W. Effect of 12-week swimming
training on body composition in young women. Int J
Environ Res Public Health. 2019;16(3):346. doi: 10.3390/
ijerph16030346.

9. Rica RL, Carneiro RM, Serra AJ, Rodriguez D, Pontes
Junior FL, Bocalini DS. Effects of water-based exercise in
obese older women: impact of short-term follow-up study
on anthropometric, functional fitness and quality of life
parameters. Geriatr Gerontol Int. 2013;13(1):209-14. doi:
10.1111/j.1447-0594.2012.00889.x.

10. Siqueira US, Orsini Valente LG, de Mello MT, Szejnfeld VL, 
Pinheiro MM. Effectiveness of aquatic exercises in women
with rheumatoid arthritis: a randomized, controlled, 16-
week intervention-the HydRA trial. Am J Phys Med Rehabil. 
2017;96(3):167-75. doi: 10.1097/phm.0000000000000564.

11. Darley T. Effectiveness of an Aquatic Exercise Program for
Reducing Weight, Body Fat and Chronic Low Back and
Joint Pain. DNP Scholarly Projects; 2020.

12. Rezaeipour M. Investigation of pool workouts on weight,
body composition, resting energy expenditure, and
quality of life among sedentary obese older women.
Monten J Sports Sci Med. 2020;9(1):67-72. doi: 10.26773/
mjssm.200309.

13. Ferrigan K, Hice J, Leemkuil K, Singer S, Charles D,
Michaels NN, et al. Aquatic exercise for weight reduction
in middle-aged adults: a pilot study. J Aquat Phys Ther.
2017;25(2):16-21.

14. Rezaeipour M, Nychyporuk VI. Study of weight loss
parameters among sedentary, overweight postmenopausal
females using different time models of aquafit. Hormozgan 
Med J. 2019;23(4):e96378. doi: 10.5812/hmj.96378.

15. Systems CR. Sample size calculator. 2012; Available from:
https://www.surveysystem.com/sscalc.htm.

16. Rezaeipour M. Comparison of two types of diets on losing
weight and lipid profile of overweight/obese middle-
aged women under exercise condition. Health Scope.
2014;3(3):e15611.

17. Spirduso WW, Francis KL, MacRae PG. Physical
Dimensions of Aging. 2nd ed. Champaign, Illinois: Human 
kinetics; 2005.

18. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak
CJ, Flegal KM. Prevalence of overweight and obesity in the
United States, 1999-2004. JAMA. 2006;295(13):1549-55.
doi: 10.1001/jama.295.13.1549.

19. Rezaeipour M. Investigation of weight reduction and
atherogenic features in response to aquafit among sedentary, 
obese middle-aged males. Obes Med. 2020;18:100227. doi:
10.1016/j.obmed.2020.100227.

20. Recio-Rodriguez JI, Rodriguez-Martin C, Gonzalez-
Sanchez J, Rodriguez-Sanchez E, Martin-Borras C,
Martínez-Vizcaino V, et al. EVIDENT smartphone app,
a new method for the dietary record: comparison with a
food frequency questionnaire. JMIR Mhealth Uhealth.
2019;7(2):e11463. doi: 10.2196/11463.

21. Rewald S, Mesters I, Lenssen AF, Emans PJ, Wijnen W,
de Bie RA. Effect of aqua-cycling on pain and physical
functioning compared with usual care in patients with knee 
osteoarthritis: study protocol of a randomised controlled
trial. BMC Musculoskelet Disord. 2016;17:88. doi: 10.1186/
s12891-016-0939-5.

22. Purath J, Buchholz SW, Kark DL. Physical fitness
assessment of older adults in the primary care setting. J Am 
Acad Nurse Pract. 2009;21(2):101-7. doi: 10.1111/j.1745-
7599.2008.00391.x.

 [
 D

ow
nl

oa
de

d 
fr

om
 h

m
j.h

um
s.

ac
.ir

 o
n 

20
24

-0
4-

28
 ]

 

                               5 / 6

https://hjm.hums.ac.ir
https://hmj.hums.ac.ir
https://doi.org/10.1016/j.mpmed.2010.10.003
https://doi.org/10.1016/j.pcad.2018.07.014
https://doi.org/10.1371/journal.pone.0198319
https://doi.org/10.1371/journal.pone.0198319
https://doi.org/10.14198/jhse.2015.104.07
https://doi.org/10.1007/s40520-017-0796-6
https://doi.org/10.30476/whb.2019.45881
https://doi.org/10.30476/whb.2019.45881
https://doi.org/10.3390/ijerph16030346
https://doi.org/10.3390/ijerph16030346
https://doi.org/10.1111/j.1447-0594.2012.00889.x
https://doi.org/10.1097/phm.0000000000000564
https://doi.org/10.26773/mjssm.200309
https://doi.org/10.26773/mjssm.200309
https://doi.org/10.5812/hmj.96378
https://www.surveysystem.com/sscalc.htm
https://doi.org/10.1001/jama.295.13.1549
https://doi.org/10.1016/j.obmed.2020.100227
https://doi.org/10.2196/11463
https://doi.org/10.1186/s12891-016-0939-5
https://doi.org/10.1186/s12891-016-0939-5
https://doi.org/10.1111/j.1745-7599.2008.00391.x
https://doi.org/10.1111/j.1745-7599.2008.00391.x
https://hmj.hums.ac.ir/article-1-1103-en.html


Rezaeipour and Nychyporuk

Hormozgan Med J . Vol 25, No 2, 202170 http  hmj.hums.ac.ir

23. Centers for Disease Control and Prevention. About Adult
BMI. Available from: https://www.cdc.gov/healthyweight/
assessing/bmi/adult_bmi. Accessed August 29, 2017.

24. Rezaeipour M. Study of exercise time models on weight
loss and coronary risk panel in inactive middle-aged men
by overweight or obesity. Stud Med Sci. 2018;29(5):389-97.

25. Goodarzi MO. Genetics of obesity: what genetic association 
studies have taught us about the biology of obesity and its
complications. Lancet Diabetes Endocrinol. 2018;6(3):223-
36. doi: 10.1016/s2213-8587(17)30200-0.

26. Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day
FR, et al. Genetic studies of body mass index yield new
insights for obesity biology. Nature. 2015;518(7538):197-
206. doi: 10.1038/nature14177.

27. Ambrosini GL. Childhood dietary patterns and later
obesity: a review of the evidence. Proc Nutr Soc.
2014;73(1):137-46. doi: 10.1017/s0029665113003765.

28. Hao S, Dey A, Yu X, Stranahan AM. Dietary obesity
reversibly induces synaptic stripping by microglia and
impairs hippocampal plasticity. Brain Behav Immun.
2016;51:230-9. doi: 10.1016/j.bbi.2015.08.023.

29. Fett CA. Avaliação metabólica nutricional de obesas
no basal e após tratamento com dieta hipocalórica e
treinamento em circuito ou caminhada [dissertation].
Universidade de São Paulo; 2005.

30. Khachatoorian Y, Samara A. Differential effects of dietary
restriction combined with exercise vs dietary restriction

alone on visceral and subcutaneous adipose tissues: a 
systematic review. Obes Med. 2018;9:7-17. doi: 10.1016/j.
obmed.2017.11.002.

31. Carr DB, Utzschneider KM, Hull RL, Kodama K, Retzlaff
BM, Brunzell JD, et al. Intra-abdominal fat is a major
determinant of the National Cholesterol Education
Program Adult Treatment Panel III criteria for the
metabolic syndrome. Diabetes. 2004;53(8):2087-94. doi:
10.2337/diabetes.53.8.2087.

32. Naylor LH, Maslen BA, Cox KL, Spence AL, Robey E,
Haynes A, et al. Land- versus water-walking interventions
in older adults: effects on body composition. J Sci Med
Sport. 2020;23(2):164-70. doi: 10.1016/j.jsams.2019.08.019.

33. Caro J, Navarro I, Romero P, Lorente RI, Priego MA,
Martínez-Hervás S, et al. Metabolic effects of regular
physical exercise in healthy population. Endocrinol Nutr.
2013;60(4):167-72. doi: 10.1016/j.endonu.2012.11.004.

34. Nakhaei H, Mogharnasi M, Fanaei H. Effect of swimming
training on levels of asprosin, lipid profile, glucose and
insulin resistance in rats with metabolic syndrome. Obes
Med. 2019;15:100111. doi: 10.1016/j.obmed.2019.100111.

35. Elisha B, Azar M, Taleb N, Bernard S, Iacobellis G, Rabasa-
Lhoret R. Body composition and epicardial fat in type 2
diabetes patients following insulin detemir versus insulin
glargine initiation. Horm Metab Res. 2016;48(1):42-7. doi:
10.1055/s-0035-1554688.

 [
 D

ow
nl

oa
de

d 
fr

om
 h

m
j.h

um
s.

ac
.ir

 o
n 

20
24

-0
4-

28
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

https://hmj.hums.ac.ir
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi
https://doi.org/10.1016/s2213-8587\(17\)30200-0
https://doi.org/10.1038/nature14177
https://doi.org/10.1017/s0029665113003765
https://doi.org/10.1016/j.bbi.2015.08.023
https://doi.org/10.1016/j.obmed.2017.11.002
https://doi.org/10.1016/j.obmed.2017.11.002
https://doi.org/10.2337/diabetes.53.8.2087
https://doi.org/10.1016/j.jsams.2019.08.019
https://doi.org/10.1016/j.endonu.2012.11.004
https://doi.org/10.1055/s-0035-1554688
https://hmj.hums.ac.ir/article-1-1103-en.html
http://www.tcpdf.org

