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INTRODUCTION
Human physical performance is a multifactorial phenotype influenced 
by numerous genetic and environmental factors [1, 2]. More spe-
cifically, an elite athlete is a rare combination of talent with adequate 
anthropometric and psychological characteristics, in a favourable 
genetic framework. In particular, joint structure and muscle archi-
tecture are fundamental for sprinting, especially in determining the 
functional roles of muscles during movements in which they rapidly 
shorten [3]. Body shape and composition reflect both endogenous 
and exogenous influences as best suited to a particular sport and as 
an adaptation to training demands. According to the concept of 
morphological optimization, the successful phenotypes in one sport 
may change over time in relation, for example, to changes in the 
competitive environment [4]. Anthropometric traits are known in the 
literature as determinants of athletic performance [4,5]. Greater 
fat-free mass (FFM) and reduced adiposity, less ectomorphy and 
more strength improved race performance in 100 m sprinters ac-
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cording to a previous study [6]. Successful sprinters tend to be ho-
mogeneous in height and body mass, as highlighted by coefficients 
of variation of 2% and 9%, respectively [4].

Athletic performance is also affected by individual psychology. In 
particular, confidence, anxiety, motivation and their inter-relationships 
are distinctive of an athlete [7] Mental skills training can have an 
important role in improving performance, helping to be mentally 
prepared and to maintain that particular mindset during the compe-
tition [8]. The efficacy of this training has been demonstrated in 
several sports [9,10]. Hence, in addition to a superior technique and 
fitness level, elite athletes possess excellent mental skills [11]. Also, 
the psychological response to stress and motivation for exercise may 
be affected by genetic variations [12].

In the last decade, many studies have tried to establish an as-
sociation between athletic performance and the growing number of 
genetic variants [13]. There are contrasting results in the literature 
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33.2±12.8 years); both sexes included the same composition of 
competitive athletes (36%) and former athletes (the remaining 64%).

Only sprinters who competed at a national or international level 
in the 100 m were invited by the Faculty of Kinesiology of Zagreb 
University (Croatia) to take part in this study. The personal best (PB) 
time at the 100-m distance of the athletes was obtained from the 
official national database. After being informed about the investiga-
tion, the athletes volunteered for the research and gave their written 
informed consent. The study was approved by the Ethical Committees 
of the University of Zagreb (Croatia; recorded April 22, 2013) and 
conformed to principles identified in the Declaration of Helsinki.

Procedures
Anthropometric data included five body diameters (biacromial, bi-
cristal, femur, humerus, and ankle diameters), lower limb and leg 
lengths, foot length, lateral malleolus height and anteroposterior (AP) 
distance from heel to the 1st metatarsal head. These traits were 
chosen among those considered to be important to track the athletes’ 
performances because they have landmarks on the skeleton and 
minimal changes during aging, within the limits of instrumental error. 
As our study included active and former sprinters, somatometric and 
physiometric characters which have a well-known relationship with 
age (such as height, weight, skinfold thicknesses) were excluded 
from this study [22,23]. All measurements were taken by trained 
anthropometrists according to the techniques recommended by 
Weiner and Lourie [24] (Lee and Piazza for AP distance) [3] and 

concerning the angiotensin-converting enzyme (ACE), playing an 
important role in circulatory homoeostasis. The insertion (I) allele of 
the ACE I/D (rs1799752) polymorphism seems to be associated 
with endurance-orientated events [14, 15], while an excess of the 
deletion (D) allele was found to be associated with performance in 
power-oriented sports such as short distance swimming and sprint-
ing  [16-18]. The ACTN3  (α-actinin-3) R577X polymorphism 
(rs1815739) has been extensively studied with reference to the 
power performance [19], as skeletal muscles generate forceful con-
tractions at high velocity in the presence of α-actinin-3 [20]. Higher 
frequencies of ACTN3 577RR genotype were found in elite power 
and sprint athletes  [13, 19], although this is not always con-
firmed [21].

Despite the fact that the topic is of great interest, it has been only 
partially addressed, and there is still no consensus regarding the 
definition of prediction models that take into account the combined 
effect of the above factors on the performance of sprinters. Thus, the 
aims of this study were to investigate anthropometric, psychological 
and genetic characteristics of an elite sample of Croatian sprinters 
and to develop new models of performance, quantifying best predic-
tor variables, separately in both sexes.

MATERIALS AND METHODS 
Participants
The study was carried out on a sample of 104 Croatian sprinters: 
36 females (mean age 37.0±14.8 years) and 68 males (mean age 

TABLE 1. Characteristics of the sample by sex.

Trait
Males (N=68) Females (N=36)

mean SD p mean SD

100 m PB (s) 10.98 0.42 <0.001 12.28 0.42

Weight (kg) 76.9 5.6 <0.001 58.6 4.9

Biacromial diameter (cm) 41.9 1.8 <0.001 37.0 1.8

Bicristal diameter (cm) 29.4 2.0 <0.001 27.8 2.1

Humerus diameter (mm) 72.1 4.4 <0.001 62.1 4.1

Femur diameter (mm) 98.0 4.6 <0.001 87.6 4.8

Lower limb length (cm) 92.7 3.8 <0.001 86.1 3.0

Leg length (cm) 45.9 1.9 <0.001 41.5 1.6

Foot length (cm) 27.5 1.2 <0.001 24.7 0.9

Ankle diameter (cm) 7.8 0.4 <0.001 6.8 0.4

Lateral malleolus height (cm) 7.3 0.6 <0.001 6.6 0.8

AP distance from heel -1st metatarsal head (cm) 20.3 0.9 <0.001 18.4 0.7

Clean 1RM (kg) 108.0 23.6 <0.001 62.2 17.9

Standing long jump (cm) 302.7 22.5 <0.001 261.8 20.0

Cognitive state anxiety (score) 15.7 4.3 <0.05 18.0 5.5

Somatic state anxiety (score) 18.9 4.7 n.s. 20.8 5.6

Self confidence (score) 25.1 4.5 n.s. 25.1 5.1
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using specific equipment consisting of small and large calipers and 
an anthropometer (GPM, SiberHegner Ltd., Switzerland). In addition, 
each sprinter self-reported his/her body weight, barbell clean one 
repetition maximum (1RM) and standing long jump (SLJ) at the time 
of the personal best (PB).

The measurement of psychological characteristics was performed 
by applying the Competitive State Anxiety Inventory-2 (CSAI-2), 
a sport-specific state anxiety scale developed by Martens et al. [25], re-
calling the situation at the time of the PB as clearly as possible [25]. The 
scale divides anxiety into three components: cognitive state anxiety, 
somatic state anxiety, and self-confidence. Self-confidence tends to 
be the opposite of cognitive anxiety and is an important factor in 
stress management. The CSAI-2 consists of 27 items, 9 for each 
subscale; each item was rated on a 4-point Likert-type scale, result-
ing in scores ranging from a minimum of 9 to a maximum of 36. All 
items were positively stated except item 14, scored reversely in the 
analyses.

Genetic analysis was conducted in the Molecular Biology Labora-
tory of the Department of Life Sciences and Biotechnology (Ferrara 
University, Italy). The ACE I/D polymorphism was determined using 
the polymerase chain reaction (PCR) method as previously de-
scribed [14]. To study the ACTN3 R577X polymorphism we performed 
PCR amplification using the forward 5′-GTTCTTGTGTCAGGACTGCC-3′ 
and reverse 5′-TGGTCACAGTATGCAGGAGG-3′ primers, followed by 
the DdeI restriction analysis.

Statistical analyses
Distribution normality was assessed separately by sex (Kolmogorov-
Smirnov test). Comparisons between sexes were performed using 
the t-test. One-way ANOVA was applied to compare sprinters’ PBs 
among different genotypes.

Pearson’s correlation was calculated for sprinters’ anthropometric 
and psychological traits and their 100 m PB. Only significant traits 

were used in the multiple regression analysis with PB as the depen-
dent variable. Multicollinearity among predictor variables was exam-
ined using the variance inflation factor (VIF) (VIF values < 10 were 
considered acceptable). Values of P<0.05 were considered statisti-
cally significant. All statistical analyses were performed using Statis-
tica software version 11.0 (StatSoft srl, Tulsa, OK).

RESULTS 
Sprinters’ characteristics by sex are presented in Table 1. As ex-
pected, male sprinters were faster, heavier and stronger than females 
on average. Moreover, they had larger diameters, and longer legs and 
lower limbs than females.

Regarding the Competitive State Anxiety Inventory-2 test, the 
cognitive state anxiety component had the lowest score and the self-
confidence component had the highest score in both sexes. Females 
had higher scores in cognitive state anxiety (CSA, +13%: p<0.05) 
than males; somatic state anxiety (SSA) and self-confidence (SC) 
were the same in both sexes.

The genotype distribution for each polymorphism was consistent 
with the Hardy-Weinberg equilibrium. Regarding the ACE polymor-
phism, the most frequent genotype in the whole sample was ID 
(54 subjects, 52%), followed by DD (26 subjects, 25%) and II 
(24 subjects, 23%). The frequency of allele I was 49% and that of 
D allele was 51%. Regarding the ACTN3 polymorphism, the most 
frequent genotype was RX (53 subjects, 51%), followed by RR 
(32 subjects, 31%) and XX (19 subjects, 18%). The frequency of 
allele R was 56% and that of X allele 44%. No significant difference 
was observed in genotype distributions or allelic frequencies between 
sexes. However, the DD homozygote’s frequency was almost double 
in males (29%) compared to females (17%).

Table 2 shows the PB times of male and female sprinters in 100 m 
by ACE and ACTN3 genotypes. No significant difference was de-
tected.

TABLE 2. Analysis of variance of personal best (s) by ACE and ACTN3 genotypes in both sexes.

genotype Males Females

ACE N mean SD N mean SD

DD 20 10.97 0.45 6 12.31 0.20

ID 33 11.00 0.41 21 12.24 0.42

II 15 10.95 0.42 9 12.38 0.55

ANOVA F=0.06 d.f=(2; 63) p=0.94 F=0.31 d.f.= (2; 31) p= 0.73

ACTN3 N mean SD N mean SD

RR 20 10.96 0.53 12 12.29 0.46

RX 36 10.96 0.38 17 12.28 0.42

XX 12 11.08 0.32 7 12.30 0.39

ANOVA F=0.41 d.f=(2; 63) p=0.67 F=0.01 d.f.= (2; 31) p= 0.99
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with PB in bivariate correlation analysis, respectively in males and 
females. Multicollinearity did not occur between predictor variables.

In male sprinters (Table 4), bicristal diameter, foot length and 
lateral malleolus height were significantly predictive of PB in the 
multivariate analysis. The total explained variance was 44% in the 
first model. Considering individual variables, foot length was found 
to be one of the strongest predictors of PB. In females (Table 5), leg 
length and clean 1RM were significantly predictive of PB in the first 
model, while clean 1RM remained the only significant variable after 
adding psychological traits (second model). The total explained vari-
ance was 62% in the first (only anthropometric traits), and in the 
second model (anthropometric and CSA psychological components). 
When the individual variables were examined, clean 1RM emerged 
as the strongest predictor of PB in both models. Considering the 
values of R2 obtained from multiple regression analysis, a type I er-
ror of 5% and a power of 80%, 20 females and 28 males would 
have been required; thus the present sample size is adequately pow-
ered to detect determinants of performance in sprint running.

DISCUSSION 
The main purpose of the present study was to develop models to 
predict performance in sprinters on the basis of anthropometric, 
psychological and genetic characteristics. To our knowledge, no study 
to date has examined these relationships in elite sprinters simultane-
ously.

The bivariate correlation of anthropometric and psychological 
characteristics in sprinting was sex-specific. In females, we found a 

Table 3 presents correlations between sprinters’ traits and their 
performance (100 m PB) in both sexes. In males, PB was negatively 
correlated with bicristal diameter and lateral malleolus height and 
positively correlated with foot length. In females, PB was positively 
correlated with leg length, AP distance from heel to 1st metatarsal 
head, and CSA. In both sexes, PB shows a significant negative cor-
relation with clean 1RM and SLJ.

Tables 4 and 5 show multiple regression analyses used to inves-
tigate whether 100 m PB could be explained by means of sprinter’s 
characteristics, selected from those showing a significant association 

TABLE 3. Correlations between 100 m personal best (s) and traits in males and females.

Trait
Males N=68 Females N=36

r p r p

Weight -0.196 0.114 0.018 0.920

Biacromial diameter 0.098 0.433 0.083 0.642

Bicristal diameter -0.269 0.029 -0.110 0.535

Humerus diameter 0.022 0.861 0.006 0.972

Femur diameter 0.021 0.870 0.070 0.695

Lower limb length 0.093 0.458 0.274 0.117

Leg length 0.191 0.125 0.442 0.009

Foot length 0.294 0.016 0.276 0.114

Ankle diameter 0.021 0.864 -0.060 0.738

Lateral malleolus height -0.246 0.047 0.121 0.496

AP distance from heel -1st metatarsal head 0.179 0.150 0.382 0.026

Clean 1RM -0.390 0.003 -0.615 0.002

Standing long jump -0.346 0.007 -0.443 0.034

Cognitive state anxiety 0.105 0.406 0.355 0.039

Somatic state anxiety 0.053 0.674 0.238 0.175

Self confidence -0.173 0.168 -0.227 0.196

TABLE 4. Predictors of 100 m personal best (s) in males: results 
of multiple regression analyses.

Variables
Model

β t p VIF
Bicristal diameter -0.39 -3.37 0.001 1.287

Foot length 0.55 4.78 <0.001 1.268

Lateral malleolus height -0.33 -3.14 0.003 1.044

Clean 1RM -0.03 -0.27 0.791 1.491

Standing long jump -0.18 -1.64 0.108 1.165

R2 0.50

Adjusted R2 0.44

p  0.000002
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significant inverse correlation between performance and leg length, 
AP distance, and CSA. In males, our findings indicated a significant 
bivariate correlation between better performance and larger bicristal 
diameter, shorter foot length, and higher lateral malleolus height. In 
both sexes, we detected a significant correlation between performance 
and clean 1RM and SLJ. From an anthropometric point of view, the 
fastest female athletes had short legs and feet (in the tarsal and 
metatarsal areas), while the fastest male athletes displayed wide 
hips and short and high feet. The observed sex-related association 
depends on sex differences in body build, involving a different rela-
tionship between anthropometric characteristics and performance.

No psychological component was correlated with PB in males. In 
females, however, performance was negatively correlated with CSA. 
Female sprinters reported higher levels of anxiety than males, as in 
other sports [26,27].

No significant genotype association with PB was observed in either 
sex, consistent with Papadimitriou et al [18]. In that study, genotype-
performance associations at longer distances (ACE ID in the 400-m 
sprint performance and of ACTN3 R577X in the 200-m sprint per-
formance) were found, but not in 100-m sprint performance.

The multiple regression analysis confirmed that some anthropo-
metric traits are the best predictors of PB in sprinters according to 
the models considered (bicristal diameter, foot length and height of 
lateral malleolus in males and leg length and clean 1RM in females). 
The addition of the psychological variable (only in females) did not 
change the results or the explained variance, which was significant 
and similar in all models.

Previous research suggests some relationships between anthro-
pometric parameters and athletic performance [28,29]. According 
to the current study, the apparent importance of anthropometric 
variables in running speed may have biomechanical implications. 
Although researchers have explored the general association between 
foot structure and ankle muscle strength [30], few studies have in-
vestigated foot and ankle structure and their correlation with func-

tional abilities in sprinting. A recent study indicated the influence of 
the foot proportions on running speed [31]. A study conducted by 
Lee and Piazza [3] on skeletal structure of the foot showed, through 
computer simulation, that longer toes prolonged the time of contact, 
giving greater time for increasing acceleration by the propulsive ground 
reaction force. The finding that there are shorter plantar-flexor mo-
ment arms and longer forefoot bones in sprinters suggests that foot 
proportions may influence the capacity for acceleration [32]. Though 
we did not measure these variables and did not compare sprinters’ 
characteristics with non-sprinters’ ones, the current study suggests 
that foot proportions and sizes of lower limb segments are involved: 
short foot, short AP distance heel-1st metatarsal head, and high 
lateral malleolus height were more favourable for speed race. A short-
er leg length also proved to be favourable in female sprinters, in 
agreement with the results of Lee and Piazza [3].

This study supplied new evidence on 100 m sprint performance 
and the association between somatic, psychological and genetic data. 
The strength of this study lies in the direct measurement of several 
anthropometric traits by trained operators. Still, there were some 
limitations: weight, clean 1RM and SLJ at the time of the PB were 
self-reported, so they may have led to a bias in the results. The use 
of anthropometric traits which were considered not age-dependent 
may have excluded other potentially important characters for success 
in sprinting (stature, for example).

Although the generalizability of the results is limited as the data 
were collected exclusively from Croatian participants, the positive 
aspect is that elite-only sprinters (past and present) of the same 
nation (Croatia) were invited to participate in the research following 
a more rigorous approach, while previous studies considered sprint 
and power athletes from mixed sports disciplines and 
events [19,33,34]. Further research is needed to identify whether 
differences in foot proportions are crucial in sprinting ability and, in 
this case, whether they are caused by adaptation to training or have 
a genetic origin.

TABLE 5. Predictors of 100 m personal best (s) in females: results of multiple regression analyses.

Variables
	 Model 1	 Model 2

β t p VIF β t p VIF

Leg length 0.37 2.22 0.041 1.465 0.34 1.91 0.075 1.581

AP distance 0.29 1.82 0.088 1.313 0.27 1.64 0.122 1.353

Clean 1RM -0.56 -3.41 0.004 1.410 -0.56 -3.36 0.004 1.410

Standing long jump -0.02 -0.14 0.888 1.507 -0.03 -0.16 0.872 1.508

Cognitive state anxiety 0.11 0.72 0.482 1.207

R2 0.70 0.71

Adjusted R2 0.62 0.62

p    0.0005  0.001
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CONCLUSIONS 
In conclusion, we found evidence of the association of anthropom-
etry with performance in sprinting. In addition, our study provided 
some predictive models of performance. The results of our analyses 
demonstrate that a shorter foot in males and a shorter leg in females 
may be advantageous for the best sprint performance.
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