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Abstract – The aim of this study was to evaluate performance progression in Brazilian 
middle-distance runners based on the progression of their sports results from early training 
to peak performance. The sample consisted of the 10 best performance times (800 m and 
1500 m) achieved by male runners aged 15 to 19 years in national rankings between 2001 
and 2010. The 800-m performance times estimated with the models were 119.14±1.79 
s at 15 years of age; 114.36±1.07 s at 16 years; 113.25±1.81 s at 17 years; 110.71±1.60 s 
at 18 years, and 109.73±1.17 s at 19 years. The prediction of 1500-m performance was 
253.89±4.84 s at 15 years of age; 243.40±1.67 s at 16 years; 238.53±1.55 s at 17 years; 
232.49±1.59 s at 18 years, and 230.48±2.28 s at 19 years. It is concluded that Brazilian 
male middle-distance runners achieve their best performance at 22.69±0.42 years of age 
in the 800-m event and at 22.29±0.34 years in the 1500-m event. These values are within 
the lower limit described in the literature as optimal age.
Key words: Athletics; Sports performance; Training.

Resumo – O objetivo deste estudo foi analisar a evolução da performance dos corredores 
de Meio-Fundo Brasileiros com base na progressão dos resultados desportivos obtidos no 
processo de formação e no pico de rendimento. A amostra constituiu-se dos dez melhores 
tempos dos rankings nacionais de 2001 a 2010, alcançados pelos corredores nas provas de 
MF, na faixa etária de 15 a 19 anos, do sexo masculino. Os resultados expressos pelo modelo 
matemático encontrado apresentam para os 800m aos 15 anos: 119,14±1,79s; 16 anos: 
114,36±1,07s; 17 anos: 113,25±1,81s; 18 anos: 110,71±1,60s; 19 anos: 109,73±1,17s. Para 
os 1.500m constatou-se uma predição da performance aos 15 anos em: 253,89±4,84s; 16 
anos: 243,40±1,67s; 17 anos: 238,53±1,55s; 18 anos: 232,49±1,59s; 19 anos: 230,48±2,28s. 
Conclui-se que a idade ótima de obtenção dos melhores resultados desportivos para os corre-
dores de MF do sexo masculino, no Brasil, em provas de 800m, apresenta-se aos 22.69±0.42 
anos e nas provas de 1.500m aos 22.29±0.34 anos. Estes valores situam-se no limite inferior 
do referido na literatura.
Palavras-chave: Atletismo; Performance esportiva; Treinamento. 
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INTRODUCTION

Since 1979, when Agberto Guimarães obtained his first victories, until 1991 
with medals won in the Athletics World Championship in Tokyo, Brazilian 
middle-distance runners have not been successful internationally. Thus, 
investigations are needed to provide possible answers and explanations for 
this phenomenon. Research on the performance in athletics has focused 
mainly on competitive and/or elite middle-distance running in an attempt 
to obtain more factual support. These studies include the investigation of 
training methods1,2, bioenergetics of running3, physiological, anthropomet-
ric and motor characterization4,5, and control of training6,7. Performance 
has been analyzed using mathematical models in different sports such as 
cycling8,9, swimming10,11 and javelin throw12, for the comparison of different 
sports modalities13, and for the prediction of results in athletics events14,15.

The increasing importance of sporting success and the prestige rapidly 
achieved in sports have resulted in the fact that a large number of children 
and adolescence participate in sports activities. However, these youngsters 
are often submitted to training programs of high intensity and duration 
which are not always compatible or adjusted to their needs1. Despite the 
consolidation of sports training methods, youth sport continues to be ruled 
by the sports guidelines of adults. As a consequence, adult training tends 
to be adapted by introducing slight alterations and doubtful pedagogical 
adaptations. In general, athletic training of children and adolescents seems 
to follow the training trends observed for adults. 

In view of the above considerations and the many questions that remain 
unanswered, the aim of the present study was to characterize the typical 
performance progression in Brazilian middle-distance running over the 
years of training from early training to peak performance. 

METHODOLOGICAL PROCEDURES

A prospective descriptive study using existing quantitative data was con-
ducted. The sample consisted of the 10 best performance times achieved 
by male runners in 800-m and 1500-m events over the last 10 years (2001 
to 2010) according to age (15 to 19 years). The data were obtained from the 
Brazilian Athletics Confederation16. After data collection, the mean and 
respective standard deviation of the ten best 800-m and 1500-m times 
between 2001 and 2010 were calculated.

Mathematical model
The following mathematical model was used to calculate the optimal age 
to achieve best performances according to distance17.

•	 Step 1: the performance times analyzed were converted into a score 
system. This system was based on a function in which a score of 1,000 
points was attributed to the absolute national record (ANR) of each 
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race. Next, a specific constant (Crace) was calculated for the 800-m and 
1500-m events: 

Crace = ANR3 * 1000

On the basis of the numerical value of each constant, a corresponding 
individual score (CIS) was attributed to each individual time (IT) ac-
cording to the following function:

CIS = Crace  * IT-3 

•	 Step 2: In order to express the test score in relation to age, we used 
the mean time of the 10 best runners for all ages obtained from the 
updated ranking table of the Brazilian Athletics Confederation. This 
procedure intended to enable that the score corresponding to a given 
time would be coherent with the constraint provided by the ANR for 
the test in question and the athlete’s age when this time was obtained.

Statistical analysis
A linear regression model was used to predict the optimal age to achieve 
best performances using the five pairs of known data (age and mean score 
at 15 to 19 years of age), thus obtaining the age at which the score of 1,000 
points (corresponding to the ANR) would be achieved. 

RESULTS

The performance times used for construction of the regression model at 
each of the two distances studied are shown in Table 1. Table 2 shows the 
results of regression analysis of the rankings of Brazilian middle-distance 
runners for calculation of the age at which the best performance times 
were achieved in each event. The athletes tend to achieve their best times 
between 22-23 years of age in the two events.

Table 1. Results of the 10 best rankings in each event according to age.

Event Age (years) Mean time (s) Mean speed (km/h) Standard deviation (km/h)

800 m

15 119.14 24.17 1.79

16 114.36 25.19 1.07

17 113.25 25.43 1.81

18 110.71 26.01 1.60

19 109.73 26.24 1.17

1500 m

15 253.89 21.26 4.84

16 243.40 22.18 1.67

17 238.53 22.63 1.55

18 232.49 23.22 1.59

19 230.48 23.42 2.28
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Table 2. Linear regression equations to estimate the age at which the best performance time is achieved.

Event Linear equation Predicted age R R² Standard error of 
the estimate

800 m Age = 0.022*score + 0.694 22.69 0.973 0.946 0.423

1500 m Age = 0.019*score + 3.29 22.29 0.982 0.964 0.347

Analysis of the progression of sports results over time (Figure 1) shows a 
similar trend at 800 m and 1500 m. Figures 2 and 3 compare the true values 
obtained in each event with the values predicted using the mathematical 
models according to age.

Figure 1. Performance progression (point score) with age at the two distances.

Figure 2. Graphic representation of the 800-m performance times predicted with the mathematical model proposed.

Figure 3. Graphic representation of the 1500-m performance times predicted with the mathematical model proposed.
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DISCUSSION

The objective of the present study was to evaluate performance progression 
in Brazilian middle-distance runners based on the progression of the results 
from early training to peak performance. This study sought to answer the 
following question: Why does the high level of sports results in Brazilian 
middle-distance running obtained during the last two decades of the 20th 
century seems to be difficult to achieve at present?

The present results indicate that male middle-distance runners in 
Brazil tend to achieve their best performance times at about 22-23 years 
of age. This finding agrees with the age reported in the international 
literature for middle-distance runners, who achieved the best results 
between 23 and 27 years18. Nevertheless, the values found are within the 
lower limit of the range reported, a fact suggesting the need for careful 
analysis of the growth curve of performance times as a function of age. 
Assuming that the rational preparation of a career in sports designed 
to achieve the best sports results should comprise 8-12 years of special-
ized training, the present results identify an age at onset of specialized 
training of about 12 years for male middle-distance runners in Brazil, a 
value that is below that proposed in the literature18. As a consequence, 
either Brazilian athletes tend to start their specialization too early, or 
they start at the recommended age (14-15 years), but the training design 
subsequently prevents progression from continuing for 10 or more years 
which is necessary to achieve peak performance. The need to start specific 
training early usually results in an inadequate understanding of the basic 
principles that guide long-term sports preparation2. Studies involving 
pre-juniors and juniors who represented the different associations of 
Portugal in the 1987 national final competitions of the Portuguese Track 
and Cross Country Championship are an example of this by identifying 
children who start to be specialists in middle- and long-distance races 
at 6 years7. In contrast, another trend was observed in France. A study 
retrospectively investigating the 20 best French athletes of all athletics 
disciplines in 1994 found that the mean age at the beginning of athletics 
was 13.9 ±1.4 years for all disciplines1.

On the basis of the analysis of the growth curves of the sports results 
and of the optimal age to achieve the best times in middle-distance events, it 
is possible to establish an operational method to define long- and medium-
term (career plan and steps of sports training) and short-term objectives 
(training season). Designing a career plan based on the establishment of 
performance objectives is what is done universally in all sports. However, 
the definition of these objectives is not always adequate and the consequence 
is the failure in sports. The management of sports results through success 
or failure in the performance of a competitive task has been advocated in 
swimming19,20. This approach seems to be equally necessary in athletics, 
at least in the case of running modalities. The approach used in this study 
permitted to identify possible sources of temporal misalignment in the 
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design of the sports career of Brazilian middle-distance runners. It should 
be noted that this phenomenon (possible misalignment in career design) is 
somehow common among the best young athletes from America and the 
world in youth categories, with the lack of confirmation of good results 
when these athletes become adults. This fact may be avoided if the planning 
of the training method is divided into steps, ruling out the hypothesis of 
early specialization and contributing to achieve maximum performance 
in the future1,21.

The progression of performance over the age range studied here was 
clearly not only due to the process of training, but was also the result 
of physical maturation and growth. The effectiveness of aerobic train-
ing in boys is greater once the peak growth velocity is reached (until 14 
years). Biologically, this seems to make sense considering the changes 
that occur in endocrine function during this stage of development. This 
is one of the reasons why aerobic activity has priority over anaerobic 
activity in runners. Although maximum VO2 levels expressed relative 
to body weight are relatively stable or decline with age, aerobic capac-
ity improves in a constant manner during growth19. However, since in 
most cases growth velocity reaches its peak by age 15, the maturation 
processes lose their influence on physical fitness from that age on. As a 
consequence, height and body weight growth reach their maximum at 
around 14 years of age in boys and have a marked influence on the de-
velopment of motor skills19, with substantial improvement in resistance, 
strength, speed, and power18 and a consequent impact on competitive 
performance21.

The existence of a second pubertal spurt19 may equally contribute to 
the understanding of the results (Figure 1). Analysis of the results and 
literature data shows that we are witnessing a second evolutionary spurt 
in sports results, which may have occurred simultaneously with this bio-
logical phenomenon. This phenomenon is seen particularly in boys who 
present major increases in force production capacity that influence speed 
and performance19.

CONCLUSIONS

The optimal age of Brazilian male athletes to achieve the best results in 
800-m and 1500-m middle-distance running is 22.69 ± 0.42 and 22.29 ± 
0.34 years, respectively. 

These values are within the lower limit reported in the literature and 
further studies are needed to confirm this trend. If confirmed, these results 
indicate a temporal misalignment between the optimal period of physical 
and technical maturation of Brazilian middle-distance runners and the 
requirements encountered during training and competition. 

In addition, the sports results indicate two points of performance de-
clines at 15 and 19 years, a finding that also requires further confirmation 
and discussion. Future studies investigating the influence of training and 
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physical maturation on performance progression with age should include 
other variables, such as training time and age at the onset of training. 
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