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ARTICLE INFO ABSTRACT

Background: In fitness the proportional development and toned state of body is 
evaluated. Fitness athletes monitor balance of macronutrients and calories in their diet, 
so the usage of low-calorie sweeteners and products sweetened with artificial sweeteners 
is rising. It is recommended to treat sweeteners with caution. The aim of study was to 
identify sweeteners consumption habits of 35 Estonian female competing fitness athletes. 

Methods: A questionnaire was used. Descriptive statistics, t-test,   or Exact test where 
applied for comparison of studied groups (p<0.05). 

Results: Approximately⅔ of participants consume sweeteners (stevia 73.1% of 
participants, sucralose 69.2%, aspartame 50%) and sweetened products (bars, BCAAs, 
puddings, protein powders and flavour drops) on a daily basis and on average 2–3 times 
per day. Sweetener-users compared to non-users (p=0.015) find sweeteners healthier 
than sugar; consume as an alternative to table sugar due to their low calorific value 
(88.5%) and for suppressing sugar craving (80.8%) more during competition period. 
Although participants are aware of health risks associated with sweeteners, they still 
believe that they are safe in reasonable amounts. 

Conclusion: In conclusion, sweeteners are popular alternative among Estonian 
female fitness athletes.
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Short Communication

Fitness as a competitive sport has developed from natural 
body building and its popularity is increasing rapidly [1]. Although 
the evaluation criteria vary slightly depending on categories 
of competition (fitness, body fitness, bikini-fitness, wellness-
fitness, fit model and physique), the integrity and harmony of 
the competitor’s body is generally considered, which essentially 
means evaluating the body’s proportions, muscle development, 
general appearance and performance through mandatory poses 
[2]. During the off-season period, athletes consume more calories 
than are being burned, which is necessary to increase muscle mass 
and maintain energy for training. During the competition period, 
the reduction of body fat mass begins, maintaining as much muscle 
mass as possible and bringing out the muscle separation. Athletes  

 
have calorie deficit, as the proportion of carbohydrates is reduced, 
and protein consumption remains the same or increases [3]. 
However, there are still no specific dietary recommendations for 
body building and fitness athletes [4]. Additives (incl sweeteners), 
also known as e-substances, are substances added to food or food 
supplements for technological purposes [5].

Sweeteners (also called “non-nutritious”, “high intensity” 
and also “low calorie” sweeteners) have a sweet taste (200 to 
13,000 times sweeter than sucrose) with a minimum of calories 
[6]. By 2020, a lot of conflicting information about sweeteners 
safety has accumulated. On one hand, sweeteners are described 
to have a weight-loss effect due to their low caloric content; they 
have been considered a safe supplement in the diabetic menu 
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[7]. Nevertheless, some studies have shown that continuous 
consumption of sweeteners can lead to weight gain [8-10]; 
neurotoxicity to brain [11,12]; metabolic problems such as glucose 
intolerance and intestinal microbiota disturbance [13]. As table 
sugar is rich in calories, fitness athletes have started to use using 
sweeteners instead of table sugar, honey, and other types of 
sugar14. Unfortunately, there are lack of studies that reflect the 
consumption of sweeteners among athletes, mostly there have been 
studied consumption of food supplements and nutrition in general 
[3,14]. The aim of the study was to clarify the consumption habits 
of sweeteners (products enriched with sweeteners; consumption 
frequency; the seasonality of the consumption) among Estonian 
fitness female athletes. Based on the above, we assumed that female 
fitness athletes consume sweeteners or products enriched with 
sweeteners mostly during the competition period, while being in 
calorie deficient and body fat mass is reduced, to suppress sugar 
craving.

Materials and Methods

Competing Estonian adult female fitness athletes filled in the 
electronic questionnaire (January 2020). The average time to fill 
in the questionnaire was 10–15 minutes, the questionnaire did not 
contain sensitive personal data and could be discontinue at any 
time. The questionnaire (via electronic system: connect.ee) was 
sent to all Estonian female fitness athletes (n=135). The software 
program Sigma Plot for Windows version 11.0 (GmbH Formation, 
Germany) was used. Results are presented as means with standard 
deviation (SD), or percentages. Continuous data were compared 
with the t-test and categorical with the χ2 or Fisher Exact test, 
as appropriate. P < 0.05 was considered statistically significant. 

Free-form responses were grouped and systematized. The study 
was approved by the Ethics Committee for Human Research of the 
University of Tartu (protocol no. 293 / T-5, 05.06.2019).

Results

Altogether 35 (26%; 20-50y) athletes filled the questionnaire. 
The desire to achieve the goals (54.3%); ensure the development of 
the body, desire to keep in shape and achieve a nifty ideal physical 
body (34.3%); previous training experience and interest in training 
(22.9%) were the main reasons for starting with fitness. The 
general data of study group in comparing sweeteners users (74.3%) 
and non-users are presented in (Table 1). The subjects` fitness 
experience was normally distributed and in comparing sweetener 
users in different experience groups (>3.4y, n=13 vs <3.4y, n=22), 
there were no differences; 76.9% vs 72.7%, respectively. Fitness 
athletes characterize sweeteners or sugar substitutes mainly 
as calorie-free or low-energy substances (28.6%); sweet taste 
enhancers (28.6%); alternatives to sugar (22.9%); chemical/
artificial substances (11.4%); sugar craving suppressants (11.4%). 
Users (n=26) consider sweeteners to be a necessary component 
for a fitness competitor. They believe, that sugar craving can be 
satisfied and better flavoring of food during the dieting (e.g., curd, 
coffee, etc.; 65.4%); sweeteners allow to eat more real food due 
to the low caloric content (fills the stomach; 50%); and permits 
psychologically easier keep fit without special diet (30.8%). On the 
other hand, non-users (n=9) consider sweeteners unnecessary, as 
they can increase sugar craving and general appetite (44.4%); are 
not healthy (e.g., disrupt intestinal microbiome; 44.4%); and not 
safe (33.3%).

Table 1: General data and opinions about sweeteners of all study group and comparatively of sweetener users and non-users.

Subject Answer options All; n=35 User; n=26 Non-user; n=9 p=

Age (year): mean; SD 33.3; 6.8 32,4; 5.7 35.9; 9.0 NS

Years of training: mean; SD 3.4; 2.1 3.4; 2,0 2.8; 2.5 NS

Competition period (month): mean; SD 4.5; 2.8 4.4; 2.6 4.6; 3.4 NS

Off-season period (month): mean; SD 6.9; 2.5 6.6; 2.3 7.8; 3.1 NS

Competition category (%)

Bikini-fitness 74.3 76.9 66.7 NS

Body fitness 14.3 15.4 11.1 NS

Fit model 11.4 11.5 11.1 NS

Wellness-fitness 8.6 7.7 11.1 NS

Fitness 2.9 0 11.1 NS

Opinion: Sweeteners necessity in 
fitness (%)

Not necessary 25.7 7.7 77.8 0.024

Supporting 62.9 76.9 22.2 0.006

Considered necessary 11.4 15.4 0 NS

Preferences (%)

Prefers a sweetener 42.9 57.7 0 0.004

Prefers a sugar 17.1 11.5 33.3 NS

No preference 40.0 30.8 66.7 NS

Opinion: Sweetener is healthier than 
sugar (%)

No 51.4 42.3 77.8 NS

Yes 34.3 46.2 0 0.015

Equivalent 14.3 11.5 22.2 NS

Note: NS – not significant
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Some users (11.5%) and non-users (22.2%) consider 
sweeteners and table sugar to be equivalent, as both are harmful 
to health and both should be consumed moderately. Some non-
users (77.8%) consider table sugar to be better than sweeteners 
because they have experienced the harmful effects of sweeteners 
(e.g. gases, malaise, signs of poisoning). Female fitness athletes 
use sweeteners mostly during the competition period (46.2%; 
to satisfy the sugar craving, while providing a minimum of extra 
calories compared to table sugar) and on a daily basis (65.4% of 
users, in mean 2.7 (±1.3) times a day). The three most common 
sweeteners in the products are steviol glycosides (stevia; E 960; 
73.1%); sucralose (E 955; 69.2%), and aspartame (E 951; 50%). 

The consumption is higher in competition period (46.2%) and 
lower in off-season period (19.2%). 34.6% use them irrespective 
of the season. The most consumed products containing sweeteners 
are bars, BCAAs, protein puddings, protein powders, calorie-free 
taste drops and calorie-free soft drinks; and favorite brands – 
Barebells, Tere (Estonian dairy industry), Coca-Cola Zero, Huxol, 
Myprotein and Nocco. Opinions on the safety of sweeteners in the 
two study groups are presented in (Figure 1). Both non-users and 
users believe that the consumption of sweeteners may cause health 
risks (including over-consumption), but they are safe consuming in 
small quantities. 

Figure 1: Subjects’ assessment of the safety of sweeteners (no statistical differences between groups).

Only users state that sweeteners are controlled and safe and 
can be consumed by both children and pregnant/breastfeeding 
mothers. 

Discussion

The results of this study showed that three-quarters of 
participants consume sweeteners and products that are enriched 
with them quite frequently especially in competition period; 
confirm the results of the previous study of Chappell, et al [14]. 
Professional athletes competing in fitness consume more food 
supplements than amateurs, while the former may benefit from the 
sponsorships of food supplement companies. In this way, companies’ 
products are advertised on social media [14]. Unfortunately, based 
on the results of our study, it is not possible to say whether the 
consumption of sweeteners is in any way related to sponsorships. 
The average off-season of Estonian fitness athletes is similar to 
British fitness competitors [14] and lasts 6.9 months. Thus, the 

pre-competition diet is long-term and the consumption of protein 
in this time period has increased 4. During of a high-protein diet, 
an increased appetite for sweets in women has been found [15]. In 
consequence, the athletes` sugar craving and the desire to satisfy it 
by consuming sweeteners is understandable. Some athletes noticed 
that sweeteners actually increase overall appetite, as confirmed in a 
study by Davidson et al8. Thus, the use of sweeteners is not justified 
and is more of a self-deception.

Athletes consume supplements for health-related reasons [16]. 
As to be obese is not healthy [17] and unacceptable for fitness, we 
could believe, that participants of our study desired to limit calories 
and thereby fat accumulation in the body. In addition, the use of 
supplements has been reported to boost the immune system and 
improve physical performance [16]. Also, sweeteners flavor food, 
and it satisfies the sugar craving without adding calories. The 
association between weight loss or maintenance and increased 
sweetener intake has previously been shown by Drewnowski and 
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Rehm [18]. However, in addition to sweet taste, energy content is 
needed to improve physical performance. It means that cheating 
on the body with a sweet-tasting sweetener does not help to 
improve performance [19]. Participants of our and Karimian and 
Esfahan’s [16] study believe that sweeteners and food supplements 
are harmful to the body and this is largely in line with the results 
of studies on the health safety of various sweeteners [20-22]. 
Most products consumed by fitness athletes contain stevia, which 
is considered a quite safe choice due to its natural origin [23]. 
Although there are insufficient data on certain health effects [24], 
there may be some positive effects on fitness athletes. For example, 
consumption of whey protein powder sweetened with stevia in 
endurance training period increase muscle mass and strength 
compared to consumption of unsweetened whey protein [25]. In 
1990s, the use of stevia as a sweetener in foods has been inhibited 
by its bitter aftertaste and significantly more expensive production 
compared to aspartame, sucralose, or saccharin. 

At the moment, however, stevia is constantly being developed 
and its taste is being improved [26]. As people have also become 
more aware of nutrition and health [27], currently, preferences 
among both non-athletes and, according to this study, athletes 
have rapidly shifted to more natural products, such as stevia as a 
sweetener. As a result, consumers also influence the market and 
thus the sweeteners in products. Our study showed that a few 
participants had experienced negative effects of sweeteners, such 
as intoxication, malaise, and gastrointestinal unpleasant symptoms. 
Although studies of sucralose [22,28] and aspartame [11-13,29] 
reflect potential health risks, these sweeteners are most consumed 
by Estonian fitness athletes. The situation is similar in Ireland [30] 
and Italy [31]. Based on literature [32], it can be assumed that in the 
food industry it is cheaper to use sweeteners instead of sugar when 
sweetening foods. In addition to their low cost, the preference for 
the use of sucralose and aspartame may also come from a sucrose-
like taste. Due to the heat resistance of sucralose, it can also be used 
in a wider range of products than, for example, aspartame, which 
is less heat resistant [33]. Which sweeteners are most present in 
athletes’ menus probably depends on which sweeteners are used in 
the products currently on the market?

Although number of participants consume sweeteners a daily 
basis and consciously replace table sugar with them, most of 
them are still aware of the dangers of sweeteners. Whether the 
consumption of sweeteners by Estonian fitness female athletes 
remains in reasonable amounts depending on the sweetener, 
i.e. below the maximum recommended amounts set by the FDA, 
remains questionable. The limitation of the study is rather small 
number of participants. Still, the results could provide a basis for 
the Bodybuilding and Fitness Association to develop education 
programs and also to advise coaches/athletes.

Conclusion

Sweeteners are consumed daily due to their low caloric 
content and satisfaction of sugar craving among Estonian female 
fitness athletes slightly more during the competition period. The 
hypothesis according to which female fitness athletes consume 
more sweeteners or products enriched with sweeteners during the 
competition period to satisfy their sugar craving, was confirmed.

Conflict of Interest

All the authors certify that there is no conflict of interest with 
any financial organization regarding the material discussed in the 
manuscript. 

Funding

The authors wish to express their sincere appreciation to 
the participants for participation; to the Tartu Health College for 
funding this project. 

Authors Contribution

Each author (Anete Mootse, Anna-Liisa Tamm, Ülle Parm) has:

1) substantial contributions to the conception or design of 
the work; 

2) contribution to revising it critically for important 
intellectual content; 

3) final approval of the version to be published; 

4) agreement to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved.

References
1. Scott BR, Lockie RG, Knight TJ, Clark AC, De Jonge XAKJ (2013) A 

comparison of methods to quantify the in-season training load of 
professional soccer players. Int J Sports Physiol Perform 8: 195-202.

2. (2017) IFBB Elite Pro Categories.

3. Lenzi JL, Teixeira EL, Jesus G, Schoenfeld BJ, Salles Painelli V (2019) 
Dietary strategies of modern bodybuilders during different phases of 
the competitive cycle. J Strength Cond Res.

4. Chappell AJ, Simper T, Barker ME (2018) Nutritional strategies of high-
level natural bodybuilders during competition preparation. J Int Soc 
Sports Nutr 15: 4.

5. Carocho M, Morales P, Ferreira ICFR (2017) Sweeteners as food additives 
in the XXI century: A review of what is known, and what is to come. Food 
and chemical toxicology: An international journal published for the 
British Industrial Biological Research Association 107: 3012-3317.

6. Siervo M, Montagnese C, Mathers JC, Soroka KR, Stephan BC, et al. (2014) 
Sugar consumption and global prevalence of obesity and hypertension: 
An ecological analysis. Public Health Nutr 17: 587-596.

7. Sharma A, Amarnath S, Thulasimani M, Ramaswamy S (2016) Artificial 
sweeteners as a sugar substitute: Are they really safe? Indian J Pharmacol 
48(3): 237-240.

http://dx.doi.org/10.26717/BJSTR.2020.32.005193
https://www.researchgate.net/publication/235689176_A_Comparison_of_Methods_to_Quantify_the_In-Season_Training_Load_of_Professional_Soccer_Players
https://www.researchgate.net/publication/235689176_A_Comparison_of_Methods_to_Quantify_the_In-Season_Training_Load_of_Professional_Soccer_Players
https://www.researchgate.net/publication/235689176_A_Comparison_of_Methods_to_Quantify_the_In-Season_Training_Load_of_Professional_Soccer_Players
https://eliteproifbb.com/our-disciplines/categories/
https://www.researchgate.net/publication/332559699_Dietary_Strategies_of_Modern_Bodybuilders_During_Different_Phases_of_the_Competitive_Cycle
https://www.researchgate.net/publication/332559699_Dietary_Strategies_of_Modern_Bodybuilders_During_Different_Phases_of_the_Competitive_Cycle
https://www.researchgate.net/publication/332559699_Dietary_Strategies_of_Modern_Bodybuilders_During_Different_Phases_of_the_Competitive_Cycle
https://jissn.biomedcentral.com/articles/10.1186/s12970-018-0209-z
https://jissn.biomedcentral.com/articles/10.1186/s12970-018-0209-z
https://jissn.biomedcentral.com/articles/10.1186/s12970-018-0209-z
https://pubmed.ncbi.nlm.nih.gov/28689062/
https://pubmed.ncbi.nlm.nih.gov/28689062/
https://pubmed.ncbi.nlm.nih.gov/28689062/
https://pubmed.ncbi.nlm.nih.gov/28689062/
https://pubmed.ncbi.nlm.nih.gov/23414749/
https://pubmed.ncbi.nlm.nih.gov/23414749/
https://pubmed.ncbi.nlm.nih.gov/23414749/


Copyright@ Anna Liisa Tamm PhD | Biomed J Sci & Tech Res | BJSTR. MS.ID.005193.

Volume 32- Issue 1 DOI: 10.26717/BJSTR.2020.32.005193

24683

8. Davidson TL, Martin AA, Clark K, Swithers SE (2011) Intake of high-
intensity sweeteners alters the ability of sweet taste to signal caloric 
consequences: Implications for the learned control of energy and body 
weight regulation. Q J Exp Psychol (Hove) 64(7): 1430-1441.

9. Fowler SPG, Williams K, Hazuda HP (2015) Diet soda intake is associated 
with long-term increases in waist circumference in a bi-ethnic cohort of 
older adults: The San Antonio Longitudinal Study of Aging. J Am Geriatr 
Soc  63(4): 708-715.

10. Swithers SE, Sample CH, Davidson TL (2013) Adverse effects of high-
intensity sweeteners on energy intake and weight control in male and 
obesity-prone female rats. Behav Neurosci 127(2): 262-274.

11. Ashok I, Wankhar D, Wankhar W, Sheeladevi R (2015) Neurobehavioral 
changes and activation of neurodegenerative apoptosis on long-term 
consumption of aspartame in the rat brain. J Nutr & Intermed Metab 
2(3-4): 76-85.

12. Lebda MA, Sadek KM, El Sayed YS (2017) Aspartame and Soft Drink-
Mediated Neurotoxicity in Rats: Implication of Oxidative Stress, 
Apoptotic Signaling Pathways, Electrolytes and Hormonal Levels. Metab 
Brain Dis 32(5): 1639-1647.

13. Gul SS, Hamilton ARL, Munoz AR, Phupitakphol T, Liu W, et al. (2017) 
Inhibition of the gut enzyme intestinal alkaline phosphatase may explain 
how aspartame promotes glucose intolerance and obesity in mice. Appl 
Physiol Nutr Metab 42(1): 77-83.

14. Chappell AJ, Simper T, Helms E (2019) Nutritional strategies of British 
professional and amateur natural body builders during competition 
preparation. J Int Soc Sports Nutr 16: 35.

15. Anton SD, Gallagher J, Carey V, Laranjo N, Cheng J, et al. (2012) Diet Type 
and Changes in Food Cravings following Weight Loss: Findings from the 
Pounds Lost Trial. Eat Weight Disord 17(2): e101-e108.

16. Karimian J, Esfahani PS (2011) Supplement consumption in body 
builder athletes. J Res Med Sci 16(10): 1347-1353.

17. Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, et al. (2014) 
2013 AHA/ACC/TOS guideline for the management of overweight 
and obesity in adults: A report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines and The 
Obesity Society. J Am Coll Cardiol 129(25 Suppl 2): S102-138.

18. Drewnowski A, Rehm CD (2016) The use of low-calorie sweeteners 
is associated with self-reported prior intent to lose weight in a 
representative sample of US adults. Nutr Diabetes 6(3): e202.

19. Hawkins KH, Krishnan S, Ringos L, Garcia V, Cooper JA (2017) Running 
Performance with Nutritive and Non-Nutritive Sweetened Mouth Rinses. 
Int J Sports Physiol Perform 12(8): 1105-1110.

20. Denina I, Semjonovs P, Fomina A, Treimane R, Linde R (2014) The 
influence of stevia glycosides on the growth of Lactobacillus reuteri 
strains. Lett Appl Microbiol 58(3): 278-284.

21. Omar HA, Suad YA, Daniele SP (2019) Long-Term Saccharin Consumption 
and Increased Risk of Obesity, Diabetes, Hepatic Dysfunction, and Renal 
Impairment in Rats. Medicina (Kaunas) 55(10): 681.

22. Sanchez Tapia M, Martínez Medina J, Tovar AR, Torres N (2019) Natural 
and Artificial Sweeteners and High Fat Diet Modify Differential Taste 
Receptors, Insulin, and TLR4-Mediated Inflammatory Pathways in 
Adipose Tissues of Rats. Nutrients 11(4): 880.

23. Fujimaru T, Park JH, Lim J (2012) Sensory characteristics and relative 
sweetness of tagatose and other sweeteners. J Food Sci 77: S323-328.

24. Lohner S, Toews I, Meerpohl JJ (2017) Health outcomes of non-nutritive 
sweeteners: Analysis of the research landscape. Nutr J 16(1): 55.

25. Lima YC, Kurauti MA, Alves GF, Ferezini J, Piovan S, et al. (2019) Whey 
protein sweetened with Stevia rebaudiana Bertoni (Bert.) increases 
mitochondrial biogenesis markers in the skeletal muscle of resistance-
trained rats. Nutr Metab (Lond) 16: 65.

26. Carakostas MC, Curry LL, Boileau AC, Brusick DJ (2008) Overview: The 
history, technical 999 function and safety of rebaudioside A, a naturally 
occurring steviol glycoside, for use in 1000 food and beverages. Food 
Chem Toxicol 46: 1-10.

27. Arenas Jal M, Suñé Negre JM, Pérez Lozano P, García Montoya E (2020) 
Trends in the food and sports nutrition industry: A review. Crit Rev Food 
Sci Nutr 60(14): 2405-2421.

28. Pepino MY, Tiemann CD, Patterson BW, Wice BM, Klein S (2013) 
Sucralose Affects Glycemic and Hormonal Responses to an Oral Glucose 
Load. Diabetes Care 36(9): 2530-2535.

29. Ali EMT, Sonpol HMA (2017) Neuroprotective and Ameliorating Impacts 
of Omega-3 Against Aspartame-induced Neuronal and Astrocytic 
Degeneration. Anat Rec (Hoboken) 300(7): 1290-1298.

30. Buffini M, Goscinny S, Loco JV, Nugent AP, Walton J, et al. (2017) Dietary 
intakes of six intense sweeteners by Irish adults. Food Addit Contam 
Part A Chem Anal Control Expo Risk Assess 35(3): 425-438.

31. Le Donne C, Mistura L, Goscinny S, Janvier S, Cuypers K, et al. (2017) 
Assessment of dietary intake of 10 intense sweeteners by the Italian 
population. Food Chem Toxicol 102: 186-197.

32. Geuns JM (2003) Molecules of interest: Stevioside. Phytochemistry 64: 
913-921.

33. Pattanaargson S, Sanchavanakit C (2000) Aspartame degradation study 
using electrospray ionization mass spectrometry. Rapid Commun Mass 
Spectrom 14(11): 987-993.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2020.32.005193

Anna Liisa Tamm PhD. Biomed J Sci & Tech Res

http://dx.doi.org/10.26717/BJSTR.2020.32.005193
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412685/
https://www.sciencedirect.com/science/article/pii/S2352385915300025
https://www.sciencedirect.com/science/article/pii/S2352385915300025
https://www.sciencedirect.com/science/article/pii/S2352385915300025
https://www.sciencedirect.com/science/article/pii/S2352385915300025
https://pubmed.ncbi.nlm.nih.gov/28660358/
https://pubmed.ncbi.nlm.nih.gov/28660358/
https://pubmed.ncbi.nlm.nih.gov/28660358/
https://pubmed.ncbi.nlm.nih.gov/28660358/
https://pubmed.ncbi.nlm.nih.gov/27997218/
https://pubmed.ncbi.nlm.nih.gov/27997218/
https://pubmed.ncbi.nlm.nih.gov/27997218/
https://pubmed.ncbi.nlm.nih.gov/27997218/
https://jissn.biomedcentral.com/articles/10.1186/s12970-019-0302-y
https://jissn.biomedcentral.com/articles/10.1186/s12970-019-0302-y
https://jissn.biomedcentral.com/articles/10.1186/s12970-019-0302-y
https://pubmed.ncbi.nlm.nih.gov/23010779/
https://pubmed.ncbi.nlm.nih.gov/23010779/
https://pubmed.ncbi.nlm.nih.gov/23010779/
https://www.ahajournals.org/doi/full/10.1161/01.cir.0000437739.71477.ee
https://www.ahajournals.org/doi/full/10.1161/01.cir.0000437739.71477.ee
https://www.ahajournals.org/doi/full/10.1161/01.cir.0000437739.71477.ee
https://www.ahajournals.org/doi/full/10.1161/01.cir.0000437739.71477.ee
https://www.ahajournals.org/doi/full/10.1161/01.cir.0000437739.71477.ee
https://pubmed.ncbi.nlm.nih.gov/31010163/
https://pubmed.ncbi.nlm.nih.gov/31010163/
https://pubmed.ncbi.nlm.nih.gov/31010163/
https://pubmed.ncbi.nlm.nih.gov/31010163/
https://pubmed.ncbi.nlm.nih.gov/28886707/
https://pubmed.ncbi.nlm.nih.gov/28886707/
https://pubmed.ncbi.nlm.nih.gov/18555576/
https://pubmed.ncbi.nlm.nih.gov/18555576/
https://pubmed.ncbi.nlm.nih.gov/18555576/
https://pubmed.ncbi.nlm.nih.gov/18555576/
https://pubmed.ncbi.nlm.nih.gov/31352832/
https://pubmed.ncbi.nlm.nih.gov/31352832/
https://pubmed.ncbi.nlm.nih.gov/31352832/
https://pubmed.ncbi.nlm.nih.gov/27998013/
https://pubmed.ncbi.nlm.nih.gov/27998013/
https://pubmed.ncbi.nlm.nih.gov/27998013/
https://pubmed.ncbi.nlm.nih.gov/29210609/
https://pubmed.ncbi.nlm.nih.gov/29210609/
https://pubmed.ncbi.nlm.nih.gov/29210609/
https://pubmed.ncbi.nlm.nih.gov/28216168/
https://pubmed.ncbi.nlm.nih.gov/28216168/
https://pubmed.ncbi.nlm.nih.gov/28216168/
https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS1708483&context=L&vid=Lirias&search_scope=Lirias&tab=default_tab&lang=en_US&fromSitemap=1
https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS1708483&context=L&vid=Lirias&search_scope=Lirias&tab=default_tab&lang=en_US&fromSitemap=1
https://pubmed.ncbi.nlm.nih.gov/10844736/
https://pubmed.ncbi.nlm.nih.gov/10844736/
https://pubmed.ncbi.nlm.nih.gov/10844736/
https://biomedres.us/submit-manuscript.php
https://biomedres.us/
http://dx.doi.org/10.26717/BJSTR.2020.32.005193

	ABSTRACT

