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Abstract
Background: Certain physiological aspects of aging are significantly different between females and males. Here, our aim is to quantitate the gender-related difference 
in skeletal muscle power decline with age using a parametric analysis of normalized Master World Records. 

Methods: Master athletes compete in age groups of 5 years, ranging from 35 to 100 years of age. Thus, their World Records are lists of 13-15 data points, that, after 
a normalization procedure, can be conveniently interpolated with polynomial trend-lines having an R2 higher than 0.84. 

Results: As expected, the decline has commenced by 35 years for both women and men. Comparing normalized female and male World Records of Master athletes 
in 19 Track and Field events presents a surprise: despite the difference in sport events results (∆% is -15.09 +/- 10.51 SD, p =0.018 in female vs male athletes), the 
normalized aging performance decay is very similar, being not statistically significant (∆% is -5.52 +/- 4.65 SD, p= 0.069). When two age groups of Master World 
records are compared, Masters from 35 to 60 years of age (Group 1) and those from 65 to 100 years (Group 2), the gender differences are not significant: ∆% -4.41 
+/- -4.75 SD, p=0.306 for female Group 1, and ∆% -8.87 +/- -7.81 SD, p= 0.062 for female group 2. 

Conclusion: This lack of gender difference in aging performance decay is a unique exception to the general rule of gender differences in sports activities, suggesting 
that neuro-hormonal difference among genders poorly influences the aging muscle power decay. It could be hypothesized that the age-induced decline is related to 
some fundamental cellular mechanisms, perhaps those that control energy metabolism.
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Introduction
Females and males do not age in the same manner. In particular, 

life expectancy is longer in women [1]. On the other hand, females 
have consistently weaker muscle strength when compared with 
coetaneous young, old and oldest males [2-4]. The World Records of 
Senior and Master Athletes in Track and Field competitions provide 
strong evidence of this seemingly obvious fact when one observes the 
differences in the recorded performances of male and female athletes 
[5]. Master Athletes are athletes competing within age groups divided 
into categories of 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 
and developed some interesting conclusions when further analyzing 
the decline of the performances of male Master athletes in running, 
jumping and throwing events as revealed by the World Records. This 
study compared the declining trends of the male Master athletes by 
transforming the measured athletic performance into a parameter 
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 Senior Athletes) to decreasing values with decreasing 
performance of the Master Athletes. This approach gets rid of the main 
confounding factors found in other studies of age-related performance 

decay such as 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]. The results of this normalization are rows 
of up to 16 performance parameters conveniently interpolated with 
polynomial trend-lines that directly compare performances of very 
different athletic gestures. The main conclusion of the Gava et al. study 
[5] using normalization was that the performance decline noted in the 
different Track and Field events is actually very similar in all events. In 
the present study, we extend the statistical analyses to both male and 
female Master athletes, observing 19 Track and Field competitions, 
and provide statistical evidence that there is only a very minor gender 
difference in aging performance decay.

Materials and Methods
World records database

First, the method required the creation of a database containing all 
of the World Records from the main disciplines of athletics: 11 track, 4 
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throwing and 4 jumping events. These collated records also contained 
the data from all categories of the Master Athletes, both females and 
males (19 categories each gender). The data were collected from the 
official archives of world athletic associations: IAAF, International 
Association of Athletics Federation (http://www.iaaf.org/) [19] for 
absolute World Records of Senior Athletes, and the World Master 
Athletics (http://www.world-masters-athletics.org/) [20] for the World 
Records of Master Athletes. All data used in this study are public data 
collected in events officially recognized by the Federation of Athletics. 
The data are the official records valid in May 2013. All the athletic 
performances are “power” performances. For example, 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 (i.e., 
the less the time, the more the power); and 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 (i.e., again 
proportional to the physical power developed by the athlete).

Comparisons of male and female senior athlete world records: 
nineteen different track and field events: The reality is that the female 
athletes do not perform as well as the males in track and field events. 
This is noted by either: 1) an increased time for female athletes in the 
running events; 2) the lesser distance reached by the piece of equipment 
propelled by female athletes in throwing events; or 3) the shorter 
distance achieved by the female athletes themselves in jumping events. 
Here we have measured the differences in performance between male 
and female athletes and recorded it as negative data.

Normalization procedure 
One-step normalizations 

After creation of the data base, the data from each event in the 
Master World Records were then “normalized” with respect to each 
relevant absolute world record. Specifically, the data from the World 
Records which increase with age (such as the time for the running 
events) were normalized by dividing the absolute Record by the Master 
Record. However, the data from events for which the data increase with 
age (such as the height for the high jumping events and the distance 
for the throwing events and the long jumping events) were normalized 
in the opposite way: the Master Record was divided by the absolute 
Record. Consequently, the normalized Records of each event are a 
set of dimensionless values that decrease with age, from 1 (absolute 
Record normalized value) to 0 for a null value. With such a procedure 
the performances always decrease with age, in line with the usual 
idea of decline, regardless of the fact that the measured values of the 
performances increase (running) or decrease (throwing, jumping) with 
age. This is to allow for a consistent form of measurement across the 
different events which reflects the fact that increased age is generally 
associated with a decrease in performance.

Two-step normalizations 

With jumping events, the power developed by the athletes is 
associated with the displacement of the Center of Mass (CoM) of their 
own body, which is essentially equal to the jumping length for the 
horizontal jumping events (e.g., Long Jump and Triple Jump), but is 
not proportional to the height of the cross bar in the vertical jumping 
events (e.g., High Jump and Pole Vault). The height of the vertical 
jumps is unquestionably and 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 to 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; [20,21], we treat 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 
[20,23]. Indeed, when performing the vertical jumps the athlete has 
to raise his own CoM from a starting level of about 110-120 cm from 
the ground at the take-off point to 10-20 cm above the cross bar. Thus, 
the vertical jumping performances need a two-step normalization 
process in order to obtain the normalized dimensionless parameter 
proportional to the power developed in the performance. Despite 
some approximations, this method allows for a conceptually correct 
“normalization” of vertical jumps. The performance of Throwing events 
are also further normalized by taking into account the decreasing 
weight of the implements with the increasing age of the Master athletes.

Statistical Analyses

Statistical analyses were performed using GraphPad Prism 5.0 
software (GraphPad software, La Jolla, CA, USA). The limit for 
statistical significance was always considered p<0.05.

Results
The normalized parameters of our study are derived from the 

World Records of Master athletes, male and female, for 19 disciplines 
of athletics. Each data set consists of 13-15 points, representing athletes 
of ages ranging from 35 to 90-100 years (Figure 1). Further each data 
set can be linearly interpolated with all interpolations decreasing from 
1 to null (Table 1). 

Figure 2 shows the average values of the normalized parameter for 
the 19 disciplines, blue for males and orange for females. Table 1 shows 
the R2 values of the linear interpolation of normalized Masters World 
records. With the exception of the 60m event of male athletes, all of 
the slopes have an R2 higher than 0.90, suggesting a continuous process 
of performance decay with age that occurs in both male and female 
athletes throughout life from at least the age of 35 (when the data are 
first gathered). The slopes of the normalized values for male (blue) and 
female (orange) athletes overlap, but there is a trend toward slightly 
higher values for the male Master Athletes; this is more evident when the 
19 events are pooled (Figure 2). Table 2 shows the statistical significance 
of the pooled values for both the absolute and the normalized values of 
the progressive process of performance decay with aging. Statistically 
significant gender differences (p<0.05) are present only when the data 
from the younger Master Athletes are included and the absolute values 
(~⊗% -15 for the Female vs Male Athletes) are compared (Table 2). 
After data normalization, there is a trend of -5 ⊗% for the female 
relative to male athletes that does not reach statistical significance. 
Therefore, there are no clear differences between the genders in terms 
of athletic performance decline across the 19 events with women and 
men following close trends.

Discussion
World Record holders are excellent athletes: their performances are 

far better than the performances of any other persons. They are perfectly 
healthy, perfectly trained, perfectly fit for the purpose (their event), and 
are 100% motivated to draw the maximum possible performance from 
their bodies. Thus, the results of this kind of analysis concerning the 
aging-related decline in physical performance of skeletal muscle reveal 
some indisputable elements: 

1. Despite the differences in absolute performance of female and 
male skeletal muscles [15% lower in females)] [2-4], the trend of 

http://www.iaaf.org/
http://www.world-masters-athletics.org/
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  R²  Liner Interpolations
Event Male Female Male- Female
60m 0.8444 0.9352 y= -0.0080x+1.2764 y= -0.0079x+1.2598
100m 0.9219 0.9501 y= -0.0080x+1.2630 y= -0.0099x+1.3603
200m 0.9194 0.9519 y= -0.0089x+1.2936 y= -0.0109x+1.3909
400m 0.9051 0.9606 y= -0.0100x+1.3522 y= -0.0106x+1.3358
800m 0.9251 0.963 y= -0.0095x+1.3138 y= -0.0121x+1.4480
1500m 0.9289 0.9362 y= -0.0103x+1.3502 y= -0.0093x+1.2900
1 Mile 0.922 0.9749 y= -0.0101x+1.3426 y= -0.0109x+1.3688
3000m 0.9193 0.9372 y= -0.0092x+1.2911 y= -0.0095x+1.2748
5000m 0.9114 0.9641 y= -0.0095x+1.3103 y= -0.0095x+1.2996
10000m 0.9356 0.9185 y= -0.0086x+1.2672 y= -0.0099x+1.3130

Marathon 0.9307 0.974 y= -0.0084x+1.2867 y= -0.0108x+1.3734
High Jump 0.9925 0.985 y= -0.0134x+1.3639 y= -0.0147x+1.3634
Pole Vault 0.9915 0.9062 y= -0.0133x+1.4206 y= -0.0129x+1.2964
Long Jump 0.9894 0.978 y= -0.0105x+1.3013 y= -0.0112x+1.2994
Triple Jump 0.9879 0.9764 y= -0.0109x+1.3432 y= -0.0114x+1.3459

Shot Put 0.9604 0.9406 y= -0.0135x+1.3904 y= -0.0130x+1.2883
Discus Throw 0.9596 0.9658 y= -0.0141x+1.4278 y= -0.0151x+1.4806

Hammer Throw 0.9645 0.9554 y= -0.0151x+1.4806 y= -0.0132x+1.2875
Javelin Throw 0.9765 0.9437 y= -0.0141x+1.3896 y= -0.0134x+1.3041

Table 1. Linear interpolation of normalized Master World records

2013 Data Base of Senior and 
master’s 35-100 years Records

Male 
(mean ± SD)

Female
(mean ± SD)

Difference (Δ%)
(mean ± SD)

t-test
(p)

Absolute values 274.41 ± 573.62 266.44 ± 556.45 -15.09 ± -10.51 0.018
Normalized values 0.657± 0.263 0.634 ± 0.269 -5.52 ± -4.65 0.069
Group 1 Masters 35-60 years
Absolute values 221.35 ± 431.05 246.29 ± 491.05 -16.25 ± -6.29 0.004
Normalized values 0.861 ± 0.112 0.825 ± 0.132 -4.41 ± -4.75 0.306
Group 2 Masters 65-100 years
Absolute values 329.17 ± 686.94 295.40 ± 491.05 -19.58 ± -13.57 0.075
Normalized values 0.471 ± 0.158 0.446 ± 0.135 -8.87 ± -7.81 0.062

Table 2. Statistical analysis of absolute values and normalized values of Senior and Master World Records

Figure 1. Normalized Master Records. Male athletes in blue, female athletes in orange. The dotted Trend Lines represent the mean of the 19 Events.
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performance decline with age is very similar, if not identical, for the 
two genders.

2. The dimensionless parametric analysis does not reveal any 
unexpected peculiarity, in agreement with previous analyses using 
different approaches [6,8] [10-12]. 

Based on the absence of strong evidence concerning the 
mechanisms related to gender differences in terms of neuro-humoral 
physiology, it could be hypothesized that the aging decline is related 
to some fundamental cellular mechanisms, specifically, those that 
control energy metabolism [26-31]. Emerging also are the roles of 
epigenetic mechanisms, (i.e., of acquired mutations in gene expression 
that may regulate the roles of master genes of energy metabolism; 
32-37). Among the main physiological determinants of endurance 
performance, the maximal oxygen consumption (VO2max) appears 
to be the parameter that is most altered by age [24,38]. Interestingly, 
these same mechanisms are present as pathogenic factors in many 
disorders that present behaviors described as “early or premature aging” 
[39-41]. This opens new perspectives for anti-aging countermeasures 
based on volitional exercise, [12,13] or on other physical rehabilitation 
approaches [42-52]. The reasons for the observed minor gender 
inequalities in aging decline are all to be clarified, despite an immense 
literature in aging gender differences [1-5] [12-14] [24-28] [53,54]. 
On the other hand, the observed minor differences in gender-related 
performance decay are associated with biological mechanisms, but 
they can be equally due to socio-cultural factors, given the differences 
in the social life of females and males in all ages and in all cultures. In 
conclusion, taken together, the quantitative analyses of World Records 
of Master athletes here described suggest that there are no significant 
differences in the “age-related decline in athletic performance” between 
females and males. This is something fully unexpected in gender-
related sports behaviors. Implications may have long-term influences 
on biology, physiopathology and managements of aging per se and of 
its complications.
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