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Introduction

Life expectancy is longer for women than for men [1] despite the fact that females have 
consistently weaker muscle strength when compared with coetaneous young, old, and oldest 
males [2-4]. Thus, it has been firmly established that females and males do not age in the same 
manner. The world records of Senior and Masters athletes in Track and Field competitions 
provide strong evidence of this fact in the differences between the recorded performances of 
the male and female athletes [5]. Masters athletes compete in age groups divided by five-year 
periods (from 35-39, 40-44, and so on until the age of 110 years). 

In general agreement with previous studies [6-13], Gava et al. [5] reported a decline in 
athletic performance with age, developing interesting conclusions when analyzing a decline 
in the performances of male Masters athletes in running, jumping, and throwing events 
revealed through comparisons with the world records: 1. Most track and field events showed 
a linear decline up to 70 years; 2. The annual rate of power decline for all events, identified 
through a simplified synthesis, was 1.25% per year; 3. The events that involve mostly upper 
limbs (throwing) showed an initial higher rate of decline (1.4% per year) compared to those 
for which the lower limbs are mostly involved (long jump 1.1% and track events 0.6% per 
year) [5]. All these conclusions were drawn by comparing the declining trends of the male 
Masters athletes after transforming the measured athletic performance into a parameter 
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Abstract

The physiology and physiopathology of muscle aging differ between female sand males. Here, our aim is 
to investigate gender differences in the rate of the age-related decay of skeletal muscle performance using 
a complete series of female and male normalized master’s world records. Masters athletes compete in age 
groups of five-year divisions and range from 35 to 100 years of age. The world records are lists of up to 16 
data points that, after normalization, can be interpolated with polynomial trend-lines with a high R2. Gen-
der comparisons were performed for 19 Track and Field specialties using weighted regression analyses. 
As expected, the aging decline began at 35 years for both the women and men. Despite differences in the 
19 Track and Field Masters world records for female and male athletes in the same age groups, in compar-
ing the normalized female and male Masters athlete world records, the rates of aging performance decay 
were very similar if not identical. This lack of gender difference is a unique exception to the general rule 
of gender differences in sports activities, suggesting that neuro-hormonal mechanisms poorly influence 
the rate of aging muscle power decay. We then discuss the hypothesis that age-induced decline is related 
to fundamental cellular mechanisms, perhaps those that control energy metabolism. The limitations and 
implications of our hypothesis are discussed as well. 

Keywords: Masters world records; Aging muscle; Rate of performance decay; Gender differences

Abbrevaitions: CoM: Center of Mass; d.f: Degrees of Freedom; IAAF: International Association of Athlet-
ics Federation; VO2max: Maximal Oxygen Consumption
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proportional to the power developed by the athlete in carrying out 
the athletic gesture. Such a parameter is a dimensionless number 
ranging from the maximum value of 1 (for the absolute world 
record, that is, those of the Senior Athletes) to decreasing values 
corresponding to the decreasing performance of the Masters 
athletes. The many confounding factors found in clinical studies 
on age-related performance usually decay, so the different lengths 
of clinical longitudinal studies [11,14-16] or the use of different 
modalities to measure strength, power, and resistance to fatigue 
[17] were avoided. The results of this normalization were rows of 
up to 16 performance parameters conveniently interpolated with 
polynomial trend-lines that allow for the direct comparison of the 
performance of very different athletic gestures. Using normalized 
data, the main conclusion of the Gava et al. [5] study was that the 
performance decline noted in the different Track and Field events 
was actually very similar across all events and that this variability 
was more related to the methodology used for the normalization of 
the records of the different athletic specialties. In a second study, 
these analyses were extended to include comparisons of male 
and female Masters athletes in 19 Track and Field competitions, 
providing physical [18] and statistical evidence [19] that there are 
only very minor gender differences in the age-related performance 
decay between female and male Masters athletes. Since our initial 
conclusions, according to the criticisms of external evaluators, were 
based on a naïve statistical approach, we will here report the results 
of more robust statistics (i.e., weighted regression analysis) [20]. 

Materials and Methods

World records database

First, our approach required a database with all the world 
records from the main disciplines of athletics: 11 track, 4 throwing, 
and 4 jumping events. These collated records contained data from all 
the Masters athlete categories, both female and male (19 categories 
per gender). Data from the world records of Senior athletes and 
on all the Masters athletes was collected from the official archives 
of different world athletic associations: IAAF  (International 
Association of Athletics Federation [http://www.iaaf.org/]) [21] 
for the absolute world records of Senior athletes and the world 
Masters athletics (http://www.world-masters-athletics.org/) [22] 
for the world records of Masters athletes. All data used in this study 
was public data collected from events officially recognized by the 
World Federation of Athletics. They are the official records valid as 
of May 2013, but similar results could be obtained for previous and 
successive years. 

All athletic performances are “power performances”

 The work to displace the body of the athlete from the start to 
the finish line divided by the time spent is directly proportional to 
the power developed (the less time, the more power). Meanwhile, 
the distance reached by the piece of equipment in throwing is 
directly proportional to the kinetic energy transmitted to the 
equipment by the athletic action, again proportional to the physical 
power developed by the athlete.

Normalization procedure 

After collection of the database, the data from each event in 
the Masters world records were “normalized” using each relevant 
absolute world record, taken as the reference value of 1. Specifically, 
the data from the Masters world records, which increased generally 
with age (such as time for the running events), was normalized by 
dividing the absolute record by the Masters record. On the other 
hand, the data on the events, which decreased with age (such as the 
height for the high jumping events and distance for the throwing and 
long jumping events) were normalized in an opposite manner: the 
Masters record was divided by the absolute record. Consequently, 
the normalized records of each event were sets of dimensionless 
values that decreased with age, from 1 (normalized value of the 
absolute record) to 0 for a null value. With such a procedure, the 
performances always decreased with age, in line with the usual idea 
of decline, regardless of the fact that the measured performance 
values increased (running) or decreased (throwing and jumping) 
with age. This was to allow for a consistent form of measurement 
and graphical representations across the different events, which 
reflected the fact that increased age was associated with a decrease 
in performance. We will later discuss the limitations imposed on 
the normalization of the other variables needed to compensate for 
the other aspects of Masters athletes competing at increasing ages 
(see two-step normalizations).

Statistical analyses

For each discipline, a weighted regression analysis was used to 
estimate the course of the performance as a function of age. The 
slopes of the best fitting lines (representing the rate of change in 
performance) obtained from both the males and females were 
then compared using a Student’s t-test [23]. As an index of overall 
performance at each age point, the mean value of the normalized 
records was considered. Each of these points, however, did not 
provide equally precise information on the deterministic part of 
the total process variation, since the number of disciplines with 
an available world record decreased with the increasing age of 
the athletes. To account for this aspect, a weighted regression 
procedure was used to characterize the trend exhibited by the 
overall performance score as a function of age [24]. This was done 
by associating each point with a weight corresponding to the 
number of normalized data contributing to its value in order to give 
each data point a proper amount of influence over the parameter 
estimates. The line slopes estimated for both the males and females 
were then compared using a student’s t-test. For the statistical 
analysis, the SPSS 13.0 software was used, and p < 0.05 was used to 
determine statistical significance. 

Result and Discussion

The normalized parameters of our study were derived from the 
world records of Masters athletes (male and female) for 19 athletic 
disciplines.
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Why two-step normalization?

In the case of throwing events, performances needed to be 
further normalized by taking into account the decreasing weight 
of the implements with the increasing age of the Masters athletes. 
For the jumping events, the power developed by the athletes as 
associated with the displacement of the Center of Mass (CoM) of 
their own body, which is essentially equal to the jumping length 
for horizontal jumping events (e.g., Long Jump and Triple Jump), 
but is not proportional to the height of the cross bar in vertical 
jumping events (e.g., High Jump and Pole Vault). The height of the 
vertical jumps was unquestionably mainly linked to the speed of 
the athlete’s CoM at the time of detachment. Such speed, according 
to Newton’s second law of motion, depends directly on the impulse 
imparted on the athlete’s mass at take-off. The impulse, in turn, 
depends on the athlete’s ability to accelerate his CoM, a capacity 
that is directly linked to the power developed in the athletic gesture. 
For this reason (in spite of controversial objections raised by some 
authors; [25-27]), we treated the lifting of the athlete’s center of 
gravity in the jump as directly connected to the power developed 
by the athlete in the execution of the jump [25,28]. Indeed, when 
performing vertical jumps, the athlete has to raise his own CoM 
from a starting level of about 110-120cm from the ground at the 
take-off point to 10-20cm above the crossbar. Thus, vertical jumping 
performances require a two-step normalization process in order 
to obtain a normalized dimensionless parameter proportional 
to the power developed during the performance. Despite some 
approximations, this method allowed for a conceptually correct 
“normalization” of vertical jumps.

On the other hand, despite these approximations, all slopes 

had an R2 higher than 0.90, suggesting a continuous process of 
performance decay with age that occurring in both male and female 
athletes throughout life from at least the age of 35 (when the data 
was first gathered) [5].

Rates of performance decline in Masters athletes: No 
statistical gender difference

Figure 1 shows, for each considered discipline, the slopes of 
the best fit lines of the normalized records as a function of age for 
both males and females. The values are represented together with 
their estimated standard errors.  Asterisks indicate disciplines for 
which a statistically significant difference was found between male 
and female athletes in terms of the rate of performance change. We 
were unsurprised that these were jumping and throwing events 
(see above). Figure 2 shows the weighted linear regression of the 
overall performance score (mean value across the disciplines of 
the normalized record data) as a function of age. The obtained 
line slopes for the males (black dots, solid line) and females (white 
dots, dashed line) are shown together with their standard errors 
and degrees of freedom (d.f.). No statistically significant differences 
were detected when applying the student’s t-test (p = 0.171).

Rates of performance decline in master’s athletes: 
Implications and conclusions

The results of our analysis revealed some indisputable 
elements: 

1. Despite the differences in the absolute performance of 
female and male skeletal muscles (15% lower in females) [2-4], the 
trend of performance decline with age was similar, if not identical, 
for the two genders (Figures 1 & 2).

Figure 1: For each considered discipline, the slopes of the best fit lines of the normalized records as a function of 
age for both males and females are shown. Values are represented together with their estimated standard errors. 
Asterisks indicate disciplines in which a statistically significant difference was found between male and female 
athletes in terms of the rate of performance change. 
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Figure 2: Weighted linear regression of the overall score of performance (mean value across the disciplines of the 
normalized record data) as a function of age. The obtained line slopes for both the males (black dots, solid line) 
and females (white dots, dashed line) are shown together with their standard errors and degrees of freedom (d.f.). 
No statistically significant difference was detected when applying the Student’s t-test (p = 0.171).

2. The weighted regression analyses of the male vs female 
dimensionless parametric data did not reveal any unexpected 
peculiarities, which is agreement with previous analyses that used 
different approaches [6,8,10,11,12,24,29,30], with exceptions 
related to 2-step normalization events (see above).

The present data suggested the irrelevance of the impact of 
well-known gender differences in neuro-humoral physiologic 
mechanisms on the rate of skeletal muscle decay with age. Thus, 
we hypothesize that aging decline is related to fundamental cellular 
mechanisms, specifically those that control energy metabolism [31-
34]. Also observed were the roles of epigenetic mechanisms (i.e., of 
acquired mutations in gene expression that may regulate Masters 
genes roles in energy metabolism) [35-40]. Indeed, among the main 
physiological determinants of endurance performance, maximal 
oxygen consumption [VO2max) appeared to be the parameter most 
altered by age [29-41].

Moreover, these same mechanisms are present as pathogenic 
factors in many disorders that present behaviors described as 
“early or premature aging” [42-44]. This opens new perspectives 
on anti-aging countermeasures based on volitional exercise 
[12,13] or other physical rehabilitation approaches [45-55]. The 
reasons behind the observed minor gender inequalities in aging 
decline need to be further clarified, despite an immense amount of 
literature on gender differences in aging [1-5,12-14,29-33,56,57]. 
On the other hand, the observed minor differences in gender-
related performance decay could be associated with biological 
mechanisms; however, they could be equally due to socio-cultural 

factors given certain social life differences of females and males of 
all ages and in all cultures.

Conclusion

In conclusion, taken together, the quantitative analyses of world 
records of Masters athletes described here suggest that there are no 
significant differences in the rate of “age-related decline in athletic 
performance” between females and males. This is unexpected 
in terms of gender-related sport behaviors. The consequent 
implications may have long-term influences on the biology, 
physiopathology, and management of early aging, especially in 
terms of metabolic sarcopenia, cancer cachexia, aging per se, and 
its complications [58-69].
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