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ABSTRACT 

As for menarche age, recent results of the “Körmend Growth Study” series are in accordance 

with those of regional studies (Budapest, Kaposvár, Jászság, Székesfehérvár, Érd, and Makó) 

in Hungary. The age at menarche was estimated based on data acquisition with “status quo” 

method and probit analysis, respectively. The median of the estimated values show a positive 

secular trend in the 20th Century. In the 21st century, this trend became less expressed. Our 

recent Körmend research in 2018, however, revealed a significant decrease in the age of the 

first period (M=12.43 year). The reason is probably the robust and significant increase of body 

mass or even more, that of body fat.  

Proper knowledge concerning the sexual maturation process is inevitable for physical 

instructors, coaches and other sports experts, inasmuch as physical performance of children 

greatly differs in distinct stages of sexual maturation. The seven item conditional motor 

capacities test series confirms this as well.  
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INTRODUCTION 

Growth and maturation of children is close-knit to their physical performance (Peltenburg 

1984). Thus, it is inevitable to know the transgenerational changes in biological development. 

In the past few decades, the number of studies concerning the physical maturity, body 

composition, stature, maturation and physical fitness of children tend to grow by leaps and 

grounds. Similarly, the impact of environmental factors affecting the aforementioned and the 

interconnection between these environmental factors are extensively researched. Analysis of 

the connection between sexual maturation and physical performance came to the front, as well. 

Results prove to be useful in respect of both average children and young sportsmen. Based on 

the knowledge experts may size up the potential and limits of the improvement of children’s 

facilities, thus, gym classes and training can be planned more effectively. 

The biological development, growth characteristics and changes in girls’ maturation had been 

followed up by Ottó Eiben (Eiben 1988, 1994, 2001, Eiben and Tóth 2000, 2022) for 40 years 

in Körmend (Western Hungary, Europe) population. 

The first cross-sectional study performed in 1958 was succeeded by follow-up investigations in 

every tenth year thereafter. Carrying on Eiben’s research, the 2008 and 2018 follow-ups of the 

growth study were led by Gábor Tóth (Suskovics and Tóth 2009, 2011, Tóth and Suskovics 

2020, Tóth et al. 2011, 2012, 2014, 2015, 2016, 2017). Based on the series of seven consecutive 

researches, 60 year’s changes can be traced. The aim of the present paper is to determine the 

secular trend of 60-year changes in sexual maturation. The link between sexual maturation and 

physical performance is discussed, too.  

 

MATERIAL AND METHODS 

Data acquisition regarding the age at menarche of Körmend girls (1958-1968-1978-1988-1998-

2008-2018) was performed by means of “status quo” method, estimation was based on probit 

analysis. 

The cleaned sample of the cross-sectional research in 2018 was N= 1195, containing the data 

of 3-18-year-old children and young ones, respectively (involving 77.2 % of the age matched 

total population). The number of girls within the sample is 559. 

Conditional motor capacities were tested by means of hand grip strength, medicine ball push, 

standing long jump, sit-up test, Burpee test, 60 m dash and Cooper test (Eiben et al. 1991). 
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RESULTS AND DISCUSSION 

Eiben’s results have been mirroring the changes of the age at menarche during the past almost 

half a century. After a spectacular positive trend, the acceleration of sexual maturation came to 

a standstill, confirmed by the 2008 medians. However, our 2018 research shows significant 

alteration, namely a decrease in the age at menarche again. Median of the age at menarche was 

M=12.43 year (Figure 1, Table 1). The question arises: what could be the cause this unexpected, 

surprising decline? Compared to our 2008 data, the body mass, and, what is being more 

important with a view to the age of the first period, the body fat of girls have increased to a 

critical extent (Tóth and Suskovics 2020). Thus, the background of such a great decline in the 

age at menarche could probably be the strongly significant increase of body mass, or, even 

more, that of the body fat.  

 

Figure 1: Changes in the median values of the age at menarche of Körmend girls  

 

Table 1: Changes in the median values of the age at menarche of Körmend girls 

 
Year of 

research 

Age of menarche — 

median (years) 

Researcher 

performing the study 

1958 13.53 Eiben 

1968 12.75 Eiben 

1978 12.80 Eiben 

1988 12.93 Eiben 

1998 12.95 Eiben & Tóth 

2008 

2018 

12.89 

12.43 

Tóth & Suskovics 

Tóth & Suskovics 

 

The secular trend of the sexual maturation among Körmend girls is in accordance with the 

results of regional studies in Hungary (Table 2). The very first of the latter ones is the median 

of the age at menarche in Kaposvár, published by Véli in 1947 (Véli 1968). Its result (M=13.9 
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year) is one of the earliest estimated value worldwide, gained by methods (status quo method, 

probit analysis) still used in our days. Between 1947 and 2012, a positive secular trend could 

be observed in Kaposvár, however, with a gradually flattening curve (Bodzsár and Véli 1980, 

Környei et al. 1983, Suskovics and Eiben 2002, Suskovics and Tóth 2009, Véli 1968). The 

same tendency can be observed in other regions (Budapest, Jászság, Székesfehérvár, Érd, 

Makó), too. The results are in accordance with experiences of others (Bodzsár 2001, 2002, 

Eiben et al. 1992, Farkas and Horváth 2003, Gyenis and Szerényiné Pásztor 1984, Gyenis et al. 

2001, Hidegh 1995, Pápai et al. 2007, Thoma 1960), stating that the decline in the age at 

menarche has stopped, in some cases turning into an increase towards a higher age. It is to be 

noted at this point that even the most recent data from these growth studies, even that from the 

ongoing ones, date back to the turn of the millennium or even earlier ages. Thus, most recent 

researches would probably reveal as surprising changes as we have found in Körmend study.  

 

Table 2: Changes in the median values of the age at menarche of Hungarian girls 

 

Research site Year of 

research 

Age of 

menarche – 

median (years) 

Researcher performing the 

study 

Budapest 1959 12.75 Thoma 

 1960 12.94 Dezső 

 1970 - 1988 12.40 Eiben et al. 

Kaposvár 1947 13.90 Véli 

 1962 12.98 Véli 

 1975 12.72 Bodzsár & Véli 

 1981 12.69 Környei et al. 

 1997 12.61 Suskovics & Eiben 

 2012 12.58 Suskovics & Tóth 

Érd 1979 

1989 

1999 

12.85 

12.60 

12.56 

Gyenis & Sz. Pásztor 

Hidegh 

Gyenis et al. 

Jászság 1983-1984 

2004 

12.75  

12.68 

Pápai et al. 

Pápai et al. 

Makó  1983 

2002 

12.66 

12.72 

Farkas & Horváth 

Farkas & Horváth 

Székesfehérvár 1972 

1982 

1991 

12.61 

12.65 

12.54 

Bodzsár 

Bodzsár 

Bodzsár 
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The biological age of children is not identical with their chronological age. Apparently, 

children’s physical performance may significantly differ even within distinct age brackets. 

Results are highly influenced by body mass, body composition and other human biometric 

parameters as well (D’Hondt et al. 2009, Etchison et al. 2011, Heyward and Gibson 2018, 

Kruschitz et al. 2013, Malina 1980, Suskovics 2000). Children being at different levels of sexual 

maturation show varying performance, too (Malina 1980, Pápai et al. 1991, 1992, Suskovics 

2005). It turned out that, within the groups arranged by different sexual maturity levels, the 

trend of boys’ performance is distinct from those of girls (Suskovics 2006, Suskovics and 

Rendes 2009). 

Based on our Kaposvár studies (Suskovics 2005), girls being at a higher stage of sexual 

maturation (thus, girls menstruating already) show better capacity on tests where body mass 

plays a critical role. In other motor tests, however, their performance is equal or even lower 

(Figure 2-8). 
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Figure 2: Right hand grip strength of 

menstruating and non-

menstruating girls 

Figure 3: Medicine ball push forwards – 

menstruating and non-

menstruating girls 
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Figure 4: Standing long jump – menstruating 

and non-menstruating girls 

Figure 5: Sit-up test – menstruating and non-

menstruating girls 

 

Figure 6: Burpee-test – menstruating and 

non-menstruating girls 

 

Figure 7: 60 m dash – menstruating and non-

menstruating girls 
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According to the above, greater body mass is an important factor of capacity in tests (hand grip 

strength and medicine ball push) where absolute strength plays a crucial role. Post-menarcheal 

girls are heavier and taller than their biologically less maturated peers are. Moving this greater 

inert mass requires greater muscle strength. Better results in tests requiring static exertion is, in 

all likelihood, a consequence of increased muscle strength. This theory is supported also by 

Malina’s (Malina 1980) conclusion stating that increased static strength is related to body mass 

gain. In other motor tasks, however relative strength dominates over the absolute one. Thus, the 

capacity of premenarcheal girls is fairly equal to or better than that of their peers in those tests 

where moving the own body mass is required. The background of the difference seen in children 

with similar capability but different body mass is the fact that, as body mass increases, absolute 

strength increases too, while relative strength decreases. Body mass is in direct proportion to 

body volume, whiles strength is in direct proportion to the transverse section of the muscle. 

That explains the above statements. Parallel with the child’s biological development, its muscle 

strength (absolute strength) increases, too. The latter is, however, out of proportion to the more 

intense biological development. Thus, as body volume increases, body mass gain follows this 

advancement faster than strengthening of muscles does. As a conclusion, greater body mass is 

an important factor of efficiency in movements where absolute strength plays a significant role. 

This is the account for the fact that menstruating girls with greater body mass perform better 

not only in hand grip strength test but in medicine ball push, requiring dynamic strength, too. 

During these tests the child’s own body is not put in motion, the latter would definitely require 

more energy. Other tasks, however, go hand in hand with either locomotion or relocation of 

such an extent that implies the transposition of the centre of gravity. Relative strength plays a 

decisive role in movements where the outcome highly depends on the effort resulting in 

relocation of the body. Relative strength refers to the strength benchmarked against body mass. 
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Figure 8: Cooper-test – menstruating and 

non-menstruating girls 
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If body mass increases, relative strength generally decreases. This is supported by the results 

gained from those tests where the subject had to move its own body mass. While performing 

these types of tests, there is either no difference between the performances of the two groups 

arranged by their different biological maturity levels, or, even more characteristically, post-

menarcheal girls achieve worse results. Thus, the rise in the capacity of girls halts after the peak 

of the growth spurt in adolescence. Although girls being at a higher level of biological maturity 

are brawnier, their physical fitness is not better than their age matched peers. It follows from 

this, that the body mass excess of adolescent girls is primarily less related to the increase of 

muscle mass than to that of body fat mass. The latter, however, hinders efficiency. 
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