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ABSTRACT 

While the butterfly stroke has received considerable attention in sports science, the origin of the fastest  master 
butterfly swimmers remains unknown. The present study investigated which geographical locations produce the 
top-performing master butterfly swimmers within their age groups and gender. A total of 26,512 master butterfly 
swimmers (11,288 women and 15,224 men) competed in 50 m, 100 m and 200 m races in World Masters Cham-
pionships held between 1986 and 2019. From each swimmer, the year of competition, first name, last name, age 
group and distance were recorded. Descriptive data were presented using mean, standard deviation, maximum and 

minimum values, and/or confidence intervals. The top 10 race times for master butterfly swimming and gender 
were identified for descriptive purposes. Nationalities were then grouped into six categories: the top five nation-
alities with the most appearances in the top 10 fastest times in butterfly swimming by distance each year and one 
group consisting of all other nationalities. In the event of a tie, the nationality with the most participants overall 
was selected. Generalized linear models (GLMs) with a gamma probability distribution and log link function were 
used to assess the effect of age groups and gender on swimming time. In summary, Germany had the fastest women 

butterfly master swimmers across all distances, while the USA had the fastest men butterfly master swimmers for 
all distances. Men covered all distances faster than women and younger swimmers were quicker than older swim-
mers. The results of this study can be utilized to determine the countries that produce the most successful master 
butterfly swimmers, providing a foundation for further research to explore the factors that lead to their success. 
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INTRODUCTION 

Swimming has been considered a compet-

itive sport for centuries. The first known 

swimming races were held in Japan in the first 

century BCE (before the Common Era), and 

swimming was also a popular sport in ancient 

Greece and Rome (IOC, https://olympics.-

com/). The early Olympic Games included 

swimming events in open water rather than 

pools (olympics.com).  

Modern competitive swimming as we 

know it today developed in the 19th century 

(olympics.com). The National Swimming So-

ciety was founded in England in 1837 and was 

one of the first swimming organizations in the 

world (https://www.eastswimming.org/). Its 

main purpose was to promote swimming as a 

sport and to organize swimming competi-

tions. The society was responsible for organ-

izing the first swimming championship in 

Australia in 1846, and it played a crucial role 

in developing swimming as a competitive 

sport worldwide (Encyclopedia Britannica). 

While the National Swimming Society is 

a historical organization with a focus on pro-

moting swimming as a sport and organizing 

competitions at the national level, the Interna-

tional Swimming Federation (Fédération In-

ternationale de Natation/FINA) is a global or-

ganization responsible for overseeing and 

regulating aquatic sports, including swim-

ming, diving, water polo, synchronized swim-

ming and open water swimming at an interna-

tional level (https://www.worldaquatics.-

com/). It was founded in 1908 and currently 

has 209 member federations from around the 

world (worldaquatics.com). In January 2023, 

the federation underwent an official name 

change and became known as World Aquatics 

(worldaquatics.com). 

The world of swimming boasts some of its 

biggest events through FINA, including the 

prestigious FINA World Championships and 

the FINA World Cup (worldaquatics.com/-

competitions). These competitions attract the 

world's best swimmers to showcase their 

skills and compete in various events and dis-

ciplines.  

Masters swimming, on the other hand, is 

a unique category of competitive swimming 

designed for individuals 25 years and older 

(worldaquatics.com/masters). The inaugural 

FINA World Masters' Championships took 

place in 1986, with the competitions featuring 

14 age categories for swimmers ranging from 

25 to 100 years old (worldaquatics.com/ 

masters). Notably, FINA stands as the only 

International Federation that recognizes 

world records for masters events in swimming 

(worldaquatics.com/ masters).  

Swimming has undergone significant 

changes over the years (Mountjoy et al., 

2016). The competition has become more in-

tense, and athletes are continuously pushing 

themselves to achieve new records and reach 

new limits (Nevill et al., 2007; Pelayo and 

Alberty, 2011). Research in competitive 

swimming has concentrated mostly on physi-

ological, bioenergetics, biomechanics (Costa 

et al., 2010; Feitosa et al., 2022) aspects and 

lesson performance analysis (Costa et al., 

2012) and training characteristics (Amara et 

al., 2022; Gourgoulis et al., 2019). In individ-

ual sports, case studies present detailed infor-

mation about a specific top swimmer field 

(Garland Fritzdorf et al., 2009), identifying 

determinant factors. For that reason, it is im-

portant to identify the origin of top-perform-

ing swimmers to understand the factors that 

explain their performance.  

The increase in performance levels has 

been attributed to advancements in technol-

ogy and sports science and changes in the ap-

proach to training and competition. Adopting 

more specialized training programs and using 

data analysis and tracking tools have enabled 

swimmers to train more effectively and effi-

ciently (Berthelot et al., 2015; O'Connor and 

Vozenilek, 2011). 

There are four swimming techniques: 

freestyle, breaststroke, backstroke and butter-

fly (Moser et al., 2020). The butterfly started 

in the 1930s when it developed as a style of 

https://www.britannica.com/sports/swimming-sport
https://www.worldaquatics.com/
https://www.worldaquatics.com/
https://www.worldaquatics.com/competitions/2894/16th-fina-world-swimming-championships-25m-2022/schedule?phase=All
https://www.worldaquatics.com/competitions/2894/16th-fina-world-swimming-championships-25m-2022/schedule?phase=All
https://www.worldaquatics.com/masters/about
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swimming breaststroke (Maglischo, 2003). 

This stroke technique caught swimmers’ and 

coaches’ attention because they realized that 

breaststroke was quicker when a swimmer re-

covered their arms forward above the water 

and the arm technique – as well as the swim-

ming term ‘butterfly’ – was born. It was es-

tablished as an individual stroke by FINA in 

1952 (worldaquatics.com). The butterfly 

stroke is a symmetrical swimming technique 

involving equal movements from both sides 

of the body, making it more demanding on the 

swimmer and less efficient in energy expendi-

ture (Barbosa et al., 2006). It requires both 

technical skill and physical endurance 

(Barbosa et al., 2008; de Jesus et al., 2012). 

Compared to front crawl and backstroke, but-

terfly presents larger fluctuations of velocity 

during the stroke cycle (Craig and Pendergast, 

1979). In addition, the energy cost of butterfly 

was lower than breaststroke and higher than 

front crawl and backstroke in elite swimmers 

(Capelli et al., 1998). Due to the high energy 

requirements and low economy of movement, 

the butterfly stroke is typically limited to dis-

tances of 200 meters or less (FINA, 2017). 

Scientific research on butterfly swimming fo-

cused mainly on technical details such as race 

kinematics (Morais et al., 2022a), stroke de-

terminants (Barbosa et al., 2005), arm-leg 

coordination (Seifert et al., 2008), anthro-

pometric characteristics (Alves et al., 2022), 

velocity (Morais et al., 2021) and pacing 

(McGibbon et al., 2018). 

The butterfly was contested at the Olym-

pic Games for the first time in 1956, with a 

men’s 200 m Butterfly event and a women’s 

100 m Butterfly event in Melbourne (IOC, 

olympics.com/swimming; worldaquatics.-

com). While only the 100 m and 200 m But-

terfly events are contested at the Olympic 

Games (olympics.com/swimming), a 50 m 

Butterfly event is held at World and continen-

tal levels (worldaquatics.com/ competitions).  

There is limited information available re-

garding the role of nationality among master 

swimmers (Born et al., 2022). Although na-

tionality has been well studied in the open-

water swimming field (Knechtle et al., 2014; 

Nikolaidis et al., 2018a, b; Seffrin et al., 

2021), little information exists on swimming 

distances. In the same direction, despite the 

aging effect on swimming performance in the 

open-water race has been already studied, 

there is no data about the aging effect in but-

terfly swimming. As butterfly presents a 

higher energy demand than freestyle, it is pos-

sible that the aging effect could be signifi-

cantly intensified. The geographical origins of 

the top-performing master butterfly swim-

mers in their respective age groups and gen-

ders remain unknown. Therefore, the present 

study aims to investigate and identify the spe-

cific geographical locations associated with 

producing the top-performing master butter-

fly swimmers. We hypothesized that the 

United States would produce the fastest mas-

ter swimmers, men would have better times 

than women in the same age group, and 

younger categories would have better times 

overall. 

 

METHODS 

Ethical approval 

This study was approved by the Institu-

tional Review Board of Kanton St. Gallen, 

Switzerland, with a waiver of the requirement 

for informed consent of the participants as the 

study involved the analysis of publicly avail-

able data (EKSG 01/06/2010). The study was 

conducted following recognized ethical 

standards according to the Declaration of Hel-

sinki adopted in 1964 and revised in 2013. 

 

Data set and data preparation 

The race data were obtained from the of-

ficial website of World Aquatics, formerly 

FINA (www.worldaquatics.com). We ob-

tained full data from all World Masters 

Championships held between 1986 and 2019 

(www.worldaquatics.com/masters/archives/-

masters-archives). A total of 26,512 swim-

mers (11,288 women and 15,224 men) com-

peted in 50 m, 100 m, 200 m races between 

1986 and 2019. From each swimmer, the year 

of competition, first name, last name age, age 

group and distance were recorded. Age 

https://olympics.com/en/sports/swimming/
https://www.worldaquatics.com/masters/archives/masters-archives
https://www.worldaquatics.com/masters/archives/masters-archives
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groups were formed by grouping individuals 

every 5 years starting from the age of 25, 

ranging from 25-29, 30-34, 35-39, 40-44, 45-

49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 

to 80 years or older (80+). Nationalities were 

then grouped into six categories: the top five 

nationalities with the most appearances in the 

top 10 fastest times in butterfly swimming by 

distance each year and one group consisting 

of all other nationalities. 

 

Statistical analysis 

Descriptive data were presented using 

mean, standard deviation, maximum and min-

imum values, and/or confidence intervals. 

The top 10 race times for each swimming dis-

tance and gender were identified for descrip-

tive purposes. The data did not follow a nor-

mal distribution or exhibit homogeneous var-

iances, as determined by Shapiro-Wilk and 

Levene's tests, respectively. Therefore, the 

Kruskal-Wallis H test was used to compare 

differences between nationalities, and multi-

ple pairwise comparisons adjusted by Bonfer-

roni correction were performed to identify 

differences. Generalized linear models 

(GLMs) with a gamma probability distribu-

tion and log link function were used to assess 

the effect of age groups and gender on swim-

ming time. Differences found were investi-

gated with the posthoc Bonferroni test, and 

possible interactions with age group and gen-

der were also explored. The Akaike Infor-

mation Criterion (AIC) was used to choose 

the distribution of the dependent variable and 

the model linking function based on its lowest 

value (Akaike, 1974). The Omnibus test was 

also used to ensure that the model outper-

forms the null model. The significance level 

was set at 0.05, and SPSS version 26.0 (SPSS, 

Inc., Chicago, IL, USA) was used for all sta-

tistical analyses. 

 

RESULTS 

In master butterfly swimming, most 

swimmers (53.1 %) competed in the 50 m 

event (n=14,090, 5,810 women and 8,280 

men), followed by the 100 m event (28.2 %, 

n=7,484, 3,205 women and 4,279 men), and 

the 200 m event (18.6 %, n=4,938, 2,273 

women and 2,665 men). A ratio between the 

number of women and men competitors in 

each swimming distance and age group was 

calculated for descriptive purposes, which is 

presented in Table 1. 

Table 2 displays the meantime, standard 

deviation, minimum, and maximum of each 

swimming distance for each gender. 

Figure 1 displays the histograms of race 

times for women and men in all swimming 

distances. 

Figure 2 presents the mean time for each 

swimming distance for both men and women 

overall group and the mean times achieved by 

the top 10 athletes annually. It is important to 

note that the top 10 fastest times for the year 

1988 were excluded in Figure 2 as they were 

not part of the nationality analysis due to the 

unavailability of information in the database. 

Additionally, there was no men’s data availa-

ble for 2008. 
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Table 1: Women to men ratio in each age group and distance 

  50 m 100 m 200 m 

Age group Women Men Ratio Women Men Ratio Women Men Ratio 

25-29 838 1120 0.75 479 595 0.81 245 235 1.04 

30-34 726 1062 0.68 416 603 0.69 253 292 0.87 

35-39 717 1055 0.68 388 524 0.74 240 291 0.82 

40-44 782 1157 0.68 358 546 0.66 243 300 0.81 

45-49 711 1031 0.69 358 469 0.76 278 284 0.98 

50-54 547 870 0.63 315 398 0.79 265 287 0.92 

55-59 437 613 0.71 246 329 0.75 225 277 0.81 

60-64 374 531 0.70 242 284 0.85 221 243 0.91 

65-69 287 353 0.81 184 206 0.89 144 195 0.74 

70-74 215 231 0.93 124 156 0.79 89 134 0.66 

75-79 112 146 0.77 63 103 0.61 50 87 0.57 

80+ 64 111 0.58 32 66 0.48 20 40 0.50 

 

Table 2: Mean time in all butterfly distances 

Race Gender N Mean  ± SD Minimum Maximum 

50 m butterfly Women 5810 40.81 ± 12.38 27.10 198.35 

Men 8280 33.18 ± 21.84 24.27 1903.00 

100 m butterfly Women 3205 92.89 ± 28.61 59.99 347.70 

Men 4279 75.74 ± 20.08 54.02 248.98 

200 m butterfly Women 2273 217.33 ± 61.23 128.11 725.17 

Men 2665 185.29 ± 49.00 123.43 580.63 

 
 

To compare the performance of the coun-

tries that participated in each swimming dis-

tance event, the five nationalities with the 

highest number of participants in the top 10 

fastest times by year for each gender were se-

lected. The other countries were grouped into 

a single category called “Others”. The mean 

time of all top 10 swimmers for each year, 

gender and country were compared and are 

displayed in Tables 3 (women) and 4 (men). 

The country with the highest number of 

women swimmers (Table 3) in the top 10 fast-

est times by year was Germany for all butter-

fly distances. Meanwhile, the country with the 

highest number of men swimmers (Table 4) 

among the top 10 fastest times per year was 

the USA in all butterfly swimming distances. 

In addition to Germany, the USA and Great 

Britain were among the countries that most 

frequently reached the top 10 by year in all 

women's butterfly distances (50 m, 100 m, 

and 200 m) (Table 3). Conversely, the USA, 

Germany, and Great Britain were the coun-

tries that were among the top 10 in men's but-

terfly for all distances (Table 4). There were 

no differences between the countries in per-

formance in the 100 m and 200 m butterfly for 

both women and men samples. However, for 

the 50 m butterfly, Russia presented a better 

performance than Great Britain for women 

(Table 3) and a better performance than the 

USA for men (Table 4). 
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Figure 1: Race times histograms for women and 
men in all swimming distances ((a) 50 m, (b) 100 

m, (c) 200 m). Total frequency in each swimming 
distance (a) n=14,090 (5,810 women and 8,280 
men), (b) n=7,484 (3,205 women and 4,279 men), 
and (c) n=4,938 (2,273 women and 2,665 men) 

 

 

The results from the generalized linear 

models indicate that gender, age group, and 

the interaction between gender and age group 

all had significant effects on the 50 m, 100 m, 

and 200 m races. Specifically, for the 50 m 

races, the effect of gender was significant (x2 

(1) = 3390.8, p < 0.001), as was the effect of 

age group (x2 (11) = 12835.9, p < 0.001), and 

the interaction between gender and age group 

(x2 (11) = 318.5, p < 0.001). The quality of the 

model was assessed using the Omnibus test 

Figure 2: The mean time for each swimming dis-

tance ((a) 50 m, (b) 100 m, (c) 200 m)) for both 
women and men overall group and the mean 
times achieved by the top 10 athletes annually 
(Top 10) by gender. There was no men’s data 
available for 2008 due to the unavailability of in-
formation in the database. 
 
 

(p < 0.001) and the Akaike Information Crite-

rion (AIC = 89772.2). For the 100 m races, 

similar results were observed with a signifi-

cant effect of gender (x2 (1) = 2338.0, p < 

0.001), age group (x2 (11) = 13007.7, p < 

0.001), and the interaction between gender 

and age group (x2 (11) = 157.8, p < 0.001). 

The model was superior to the null model ac-

cording to the Omnibus test (p < 0.001), and 

its quality was assessed using the AIC (AIC = 

57669.6). Finally, for the 200 m races, gender 

(x2 (1) = 1099.5, p < 0.001), age group (x2 (11) 

= 7765.4, p < 0.001), and the interaction be-

tween gender and age group ((x2 (11) = 32.7, 

p = 0.001) all had significant effects. The mo- 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 
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Table 3: Significant differences between nationalities with women athletes in the top 10 in all butterfly distances  

  Rank-

ing 

  N Mean (s) ± SD CI 95% Mini-

mum 

Maxi-

mum 

      Post-hoc  

differences Race Country Lower 
Limit 

Upper 
Limit 

X² Df p 

50 m butterfly 1 Germany 31 29.99 ± 0.96 29.64 30.34 28.19 31.71 15'517 5 0.008 RUS vs GBR 

2 USA 30 30.18 ± 1.30 29.69 30.66 27.46 32.59 

3 Great Britain 18 30.38 ± 1.21 29.78 30.98 27.10 32.52 

4 Russia 14 29.04 ± 0.95 28.49 29.59 27.46 30.74 

5 Japan 8 31.05 ± 1.80 29.54 32.55 29.23 33.28 

6 Others 69 29.91 ± 1.28 29.60 30.22 27.75 33.36  
    

            

100 m butterfly 1 Germany 33 67.23 ± 1.87 66.57 67.90 62.94 70.18 5'223 5 0.389 
 

2 USA 31 67.66 ± 2.87 66.61 68.72 63.18 76.17 

3 Great Britain 23 68.71 ± 3.36 67.26 70.16 61.93 76.65 

4 Italy 15 67.29 ± 1.52 66.45 68.13 64.08 70.11 

5 Netherlands 8 69.69 ± 4.08 66.28 73.10 65.47 77.89 

6 Others 60 67.74 ± 3.38 66.86 68.61 59.99 78.10  
    

            

200 m butterfly 1 Germany 38 151.23 ± 6.37 149.13 153.32 137.72 170.51 12'794 5 0.025 
 

2 USA 28 154.19 ± 10.20 150.23 158.14 142.80 190.57 

3 Great Britain 23 151.67 ± 6.98 148.65 154.69 140.72 176.25 

4 Italy 13 151.20 ± 4.05 148.76 153.65 141.46 158.98 

5 Australia 9 159.75 ± 13.90 149.07 170.44 151.48 195.08 

6 Others 59 156.73 ± 12.65 153.43 160.02 128.11 199.65 
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Table 4: Significant differences between nationalities with men athletes in the top 10 in all butterfly distances  

  Rank-

ing 

  N  Mean (s) ± SD  CI 95% Mini-

mum 

Maxi-

mum 

      Post-hoc differ-

ences Race Country Lower 
Limit 

Upper 
Limit 

X² Df p 

50 m butterfly 1 USA 38 26.213 ± 0.7 25.9832 26.44314 24.34 27.84 12'499 5 0.029 RUS vs USA 

2 Brazil 16 26.2 ± 0.698 25.8278 26.57219 25.26 27.74 

3 Russia 14 25.493 ± 0.605 25.1436 25.84208 24.75 26.6 

4 Germany 13 26.233 ± 0.464 25.9528 26.5134 25.63 27.21 

5 Great Britain 11 26.048 ± 1.021 25.3624 26.73396 24.27 27.4 

6 Others 68 25.982 ± 0.744 25.8018 26.162 24.47 27.65  
    

            

100 m butterfly 1 USA 36 58.846 ± 1.958 58.1835 59.50867 54.02 62.73 6'023 5 0.304 
 

2 Brazil 18 58.493 ± 1.586 57.7044 59.28223 56.05 63.05 

3 Great Britain 16 58.575 ± 1.679 57.6803 59.46971 56.35 62.19 

4 Germany 12 58.524 ± 1.256 57.7263 59.32206 56.69 61.3 

5 Italy 11 58.377 ± 1.378 57.4514 59.30311 56.22 61.3 

6 Others 67 57.942 ± 1.741 57.517 58.36631 54.12 61.9  
    

            

200 m butterfly 1 USA 29 135.01 ± 6.178 132.656 137.3561 126.74 148.43 1'625 5 0.898 
 

2 Germany 20 135.33 ± 4.531 133.205 137.446 131.61 147.28 

3 Italy 17 134.41 ± 3.342 132.695 136.1311 127.92 141.09 

4 France 12 133.04 ± 4.127 130.415 135.6598 127.85 139.82 

5 Great Britain 12 134.53 ± 5.228 131.212 137.8559 126.84 146.63 

6 Others 70 135.66 ± 8.097 133.727 137.5886 123.43 165.34 
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del was again superior to the null model ac-

cording to the Omnibus test (p < 0.001), and 

its quality was assessed using the AIC (AIC = 

47259.2). The differences between age 

groups of the same gender and between gen-

ders for each swimming distance are pre-

sented in Figure 3. 

Figure 3: Race times by age group and gender 

* Different from the corresponding age group of 
the opposite gender; # Different from all other age 
groups of the same gender; & Different from all 
age groups of the same gender, except the imme-
diately younger one; † Different from all age 
groups of the same gender, except the immedi-

ately older one; ☨ Different from all age groups of 

the same gender, except the immediately older 
and younger ones. 
 

DISCUSSION 

This study aimed to explore the trends in 

participation and performance among mas-

ter’s butterfly swimmers in 50 m, 100 m, and 

200 m races held in FINA competitions be-

tween 1986 and 2019, considering national-

ity, gender and age groups. We hypothesized 

that the USA would produce the fastest swim-

mers, men would have better times than 

women in the same age group, and younger 

categories would have better times overall.  

The main findings of the present study 

were (i) the country with the highest number 

of women swimmers in the top 10 fastest 

times by year in all butterfly distances was 

Germany, (ii) the country with the highest 

number of men swimmers among the top 10 

fastest times per year in all butterfly distances 

was the USA, (iii) Germany, the USA and 

Great Britain were the only countries that had 

swimmers in the top 10 for all women butter-

fly distances and (iv) Germany, the USA and 

Great Britain were the only countries that had 

swimmers in the top 10 for all men butterfly 

distances, (v) men were faster than women for 

all distances and (vi) swimmers in younger 

age groups were faster than swimmers in 

older age groups. 

Several countries, including the USA, 

Germany, Great Britain, Russia, Brazil, and 

Italy, produced top-performing butterfly 

swimmers. Among these countries, the USA, 

Germany (mostly as East Germany in the 

past), Great Britain and Russia (also consid-

ering the performance of the Soviet Union in 

the past) were in the top 10 list of the overall 

medal table of Summer Olympics 

(https://olympics.com/en/olympic-games; ac-

cessed on 16 May 2023). The outstanding in-

frastructure for swimmers could be one of the 

reasons for the success of these nations 

(Linthorne, 2007). Moreover, these countries 

may have a shared interest in promoting mas-

ter swimming (Linthorne, 2007). 

In the United States, U.S. Masters Swim-

ming (USMS), provides a wide range of re-

sources for swimmers, including a calendar of 

events, assistance in finding clubs, articles 

and videos to enhance performance, and a 

https://olympics.com/en/olympic-games
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vast library of workouts for various training 

styles (https://www.usms.org/). Similarly, in 

Germany, the German Swimming Federation 

(Deutscher Schwimm-Verband or DSV) of-

fers a comprehensive list of swimming clubs 

and races for age group swimmers 

(https://www.dsv.de/home/; 

https://www.dsv.de/masterssport/). Swim 

England Masters in Great Britain provides ac-

cess to various races, links to the masters' 

community, technique tips, and nutrition ad-

vice (https://www.swimming.org/masters/). 

In Russia, the All-Russian Swimming Feder-

ation (Всероссийская федерация плавания/ 

ВФП) focuses on elite swimmers while 

providing support and promotion for youth 

athletes (https://russwimming.ru). The Brazil-

ian Confederation of Aquatic Sports (Confed-

eração Brasileira de Desportos Aquáticos/ 

CBDA) prioritizes pool swimming, open-wa-

ter swimming, artistic swimming, water polo, 

and diving, while master swimming is a lower 

priority (https://www.cbda.org.br/). Finally, 

the Italian Swimming Federation (Federa-

zione Italiana Nuoto/FIN) has a dedicated 

section for master swimmers (FIN, 

federnuoto.it/home/master). Therefore, it is 

evident that these countries are actively pro-

moting master swimming and swimming in-

frastructure. These policies play an important 

role in enabling swimmers high availability of 

swimming pools which contributes directly to 

the number of workouts and swimmers’ per-

formance in these countries.  

It was possible to find variation of perfor-

mance between men’s and women’s perfor-

mance. This was expected due to biological 

determinants and development, where gender 

differences will affect peak performance. 

Women have a higher amount of adipose tis-

sue than men (Siders et al., 1993; Zuniga et 

al., 2011) and proportionally more fatty tissue 

located caudally (McLean and Hinrichs, 

1998). This causes differences in the center of 

buoyancy between men and women (McLean 

and Hinrichs, 1998). Men have an advantage 

in possessing higher peak leg power than 

women (Doré et al., 2005; Hübner-Woźniak 

et al., 2004; Martin et al., 2004) primarily due 

to their greater lean leg volume (Perez-Gomez 

et al., 2008), and peak leg power and lean leg 

volume with increasing age (Doré et al., 2005; 

Martin et al., 2004). This advantage helps off-

set fatty tissue's buoyancy effects, giving men 

an advantage. One key difference between 

men and women in this respect is that men 

typically have a greater stroke length than 

women (Seifert et al., 2008). Furthermore, 

high-level women would show larger distance 

per stroke but would be dependent more than 

men on increased stroke rates (Craig et al., 

1985). With a more stable and longer stroke 

length, a swimmer can achieve faster swim-

ming (Morais et al., 2022b). The cardiorespir-

atory variation between genders also contrib-

ute to the performance differences. Men have 

larger lungs and airways which are wider than 

women, therefore men present higher lung 

volumes and capacities and lower airways re-

sistance (Blair, 2007). There are also multiple 

differences in the cardiovascular system, such 

as the greater left ventricular mass and cham-

ber size that the men presented compared to 

women. Consequently, men's cardiac output 

is greater than women's, which generates a 

higher maximal oxygen consumption 

(V̇O2max), positively affecting sports aerobic 

performance (Bassett and Howley, 2000; 

Huxley, 2007; Legato, 2000). The causes in-

fluencing the decline of performance in the 

aging process were extensively investigated 

(Hayflick, 2007; Kitani, 2007; Njajou et al., 

2010). Age-related performance changes 

have been documented in several athletic ac-

tivities, and the underlying physiological 

mechanisms, including V̇O2max, maximal 

heart rate and blood lactate levels, have also 

been documented (Allen and Hopkins, 2015; 

Wolfrum et al., 2013; Zingg et al., 2014). 

These changes can be attributed to various bi-

ological alterations that occur with aging, in-

cluding changes in the structure and function 

of organs like skeletal muscles, the heart, ves-

sels, and the brain (Faulkner et al., 2007). 

Moreover, the maximal cardiac output de-

creases with advancing age (Hunt et al., 1998; 

Julius et al., 1967; Saltin, 1986). Due to re-

ductions in both maximal stroke volume 

https://www.usms.org/
https://www.dsv.de/home/
https://www.dsv.de/masterssport/
https://russwimming.ru/
https://www.cbda.org.br/
https://www.federnuoto.it/home/master.html
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(Ogawa et al., 1992) and maximal heart rate, 

older endurance-trained athletes experience a 

reduction in maximal cardiac output com-

pared to their younger counterparts (Ogawa et 

al., 1992; Rivera et al., 1989).  

As individuals progress from early adult-

hood, their maximal heart rate decreases at a 

rate of approximately 0.7 beats per minute per 

year, regardless of whether they are healthy 

and sedentary, recreationally active, or endur-

ance exercise-trained adults (Tanaka and 

Seals, 1997). The decrease in maximal heart 

rate is believed to be due to several mecha-

nisms, such as slower conduction velocity, re-

duced responsiveness of the sinoatrial node to 

β-adrenergic stimulation (Fleg et al., 1994), 

and decreased intrinsic heart rate (Jose and 

Collison, 1970), among others. 

The large elastic arteries become stiffer 

with age, increasing aortic input impedance 

and vascular afterload. This impedes the ejec-

tion of blood from the left ventricle during 

systole and reduces stroke volume during ex-

ercise (Chen et al., 1999). This could contrib-

ute to the reduction in maximal stroke volume 

observed in older endurance-trained adults, as 

it increases the left ventricular afterload and 

aortic input impedance (Mazzaro et al., 2005).  

It is well-known that V̇O2max decreases 

with age (Valenzuela et al., 2020). The grad-

ual loss of muscle mass and strength that oc-

curs with aging is called sarcopenia, and it 

leads to a decline in functional capacity 

(Snijders et al., 2009). V̇O2max reduction is 

the primary mechanism associated with de-

clining performance among the three primary 

determinants of endurance exercise perfor-

mance (Tanaka and Seals, 2008). The reduc-

tion in the lactate threshold, the exercise in-

tensity at which blood lactate concentration 

increases significantly above baseline, also 

contributes to the reduction in endurance per-

formance with age, although it may be sec-

ondary to the decreases in V̇O2max (Tanaka 

and Seals, 2008). Older swimmers exhibited 

lower V̇O2max, higher blood lactate concen-

tration, and higher alactic and lactic energy 

expenditures, while the relative alactic contri-

bution decreased, and the aerobic contribution 

increased (Hellard et al., 2018). This may also 

explain why the swimming time of older ath-

letes is increasing, especially in a sport that, 

in addition to being very technical, is ex-

tremely demanding from an energy point of 

view. Determining the age of peak swimming 

speed could provide an estimate of when elite 

swimmers start experiencing a decrease in 

their swimming speed. 

One of the most striking effects of age is 

the involuntary loss of muscle mass, strength, 

and function, termed sarcopenia (Lexell, 

1995). Because muscle mass decreases ap-

proximately 3–8 % per decade after the age of 

30 and this rate of decline progresses even 

further after the age of 60 (Deschenes, 2004; 

Holloszy, 2000), a progressive regression of 

performance in older age groups is noticeable. 

This study allowed us to highlight some 

important information about the origin of the 

fastest master butterfly swimmers (Germany 

for women and the USA for men). However, 

this research has several limitations related to 

the design: (i) this is only a time-based re-

search analysis; (ii) no biomechanical or 

physiological determinants were analyzed; 

(iii) no information about the training condi-

tions was considered; (iv) it is possible that 

the same athlete who performed among the 

top 10 over multiple years had his/her perfor-

mance included multiple times in the analysis, 

which could affect the independence of the 

observation but cannot be excluded due to the 

format of the database; (v) the age group anal-

ysis is a retrospective cross-sectional observa-

tion, therefore decline in performance in dif-

ferent age groups should be interpreted with 

caution as they involve distinct athletes. 

Future studies should compare training 

variables (such as volume, intensity, and fre-

quency), competition history and coaches’ ex-

pertise. Finally, biomechanical and physio-

logical variables comparisons will allow one 

to better understand why some regions de-

velop top-performing swimmers. 
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CONCLUSION 

Germany had the fastest master butterfly 

swimmers among women across all distances, 

while the USA had the fastest master butterfly 

swimmers among men for all distances. All 

distances were covered faster by men com-

pared to women, and younger swimmers were 

quicker than older swimmers. This study's 

findings can help identify the specific coun-

tries of origin of the top-performing master 

butterfly swimmers and lend themselves as a 

basis for future studies to identify the contrib-

uting factors to this success, which can facili-

tate the development of policies, more effec-

tive training programs and coaching strate-

gies. Overall, swimming remains a popular 

sport with a rich history and a bright future. 

As technology and science continue to ad-

vance, we will likely see further improve-

ments in athletic performance and new rec-

ords being set. 
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