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1 Introduction

A good sport demands physically active, skilled, and technical person, who has
comprehension regarding training, health fitness, and certification for nutrition basics
(Saravanapriya 2019). Practice of any sport activity and physical exercise enhances
the individual’s physical fitness (Van Gent et al. 2007). Regular physical exercises,
such as running, throwing, and jumping, increase rate of physical development and
boost the athletic performance.Apparently, the performance of athletes needs specific
biological profile with exceptional biomotor ability (Gabbett et al. 2008; Thorland
et al. 1988; Bompa & Buzzichelli 2018). Among all of these physical activities
running is the best way to get fit. It is one of the most popular sports activity prac-
ticed by amateur and professional. Any sport needs passionate player be it man
or woman. Involvement of women in sports at some stage in the arena has been
elevated around the twentieth century (Saravanapriya 2019 and Women’s sports).
A study on female athletes by Mayoclinic suggested that normal running can make
muscles strong, stimulates growth hormone, enhances performance, and enhance
life expectancy (Saravanapriya 2019). Elite and world-class female athletes involved
in elite, middle, long distance and ultra marathons have positive effects of exercise
on health. Having different physique compared to non-athletic individuals and with
varied anthropometric and body compositions (Javed et al. 2013; Molla 2017). Body
fitness and physique both have a significant relation to physical performance both
mechanically and metabolically (Gabbett and Georgiell 2007; Boileau and Lohman
1997). In athletics, physical performance and strength are significantly related to
athlete’s anthropometry, and therefore a set of anthropometric dimensionswere being
suggested for examining the body composition of runners, such as body mass, body
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height, body mass index, body fat, length of the upper leg, length of limbs, circum-
ference of thigh, and total skin fold thickness of the lower limb that could provide
a general anthropometric assessment of the athletes (Slaughter et al. 1982; Bale
et al. 1986; Carter and Yuhasz 1984; Legaz and Eston 2005; Tanaka and Matsuura
1982; Sharwood et al. 2002). In the high-level competitions, anthropometric profiles
indicate whether or not the athlete would be suitable for the competition (Koley
et al. 2010). It is observed in the studies that frequent running make changes to
body composition (helps to increase lean muscle and decrease subcutaneous fat)
(Saravanapriya 2019). Somatotype of a running athlete can determine one’s running
ability and indicates the running type. Somatotype fall into three categories: ecto-
morph (lean body mass), mesomorph (muscular body), and endomorph (soft muscle
tissue) which are pure body types and the best combinations of two or more body
types (Braverman 2018). Body composition affects the energy needed for physical
strength in various sports (Koley et al. 2010). Long distance runner women having
ecto-mesomorph and meso-endomorph body types exhibit better performance (Bale
et al. 1985, 1986). High level of running tanning (competitive training) decrease the
sum skinfolds and athletes’ running performance related to physiological, anthropo-
metrical, and training variables that are dependent upon the gender, length, and dura-
tion of performance (Anderson 1996; Morgan et al. 1989; Legaz and Eston 2005).
Under the light of the above points, the present study aimed to examine the type
of runners and the association among anthropometric parameters of female runner.
More research is required on female runners’ physical fitness such as somatotype,
aerobic capacity, cardiovascular capacity, and muscular capacity.

2 Method

The study had been conducted on the female runners in the campus of CCSHAU,
Hisar, Haryana. The objective of the study was to examine the type of runners and
investigate the association among anthropometric parameters of the female runners.
The study is based on primary data. Twenty female studentswere selected on the basis
of their involvement in the running activities. All selected students were practicing
either recreational running or competitive running, but few of them were regular.
An interview schedule was prepared for collecting the primary data. On the basis
of the interview schedule, out of these 20 runners, only 5 competitive runners were
purposively selected. Those runners were practicing their running daily (morning
and evening), having good physical health, and also involved in athletic competitions
frequently. Anthropometric data of the five female runners were collected for further
study. Body mass, body height, and thicknesses of skinfolds were measured and
collected data were calculated by using an anthropometric method.

Body height was determined to the nearest 1 cm using an anthropometric rod.
Body mass index (kg/m2) was calculated from body mass and body height. Skinfold
thicknessesweremeasured at the seven sites: chest,mid-axillary, triceps, subscapular,
abdominal, suprailiac, and front thigh. Skinfold data was obtained using a skinfold
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caliper (Harpenden) recorded to the nearest 0.2 mm. The measurements were made
three times on the right side and the mean of the three measurements was used for
the analyses.

Body mass index was calculated with

Quetelet index = Mass (kg)

Height2(mt)

Lean body mass was calculated with:

Fat weight = Body weight × Fat%

100
%Fat = 4.95

D
− 4.5 × 100 (Siriequation)

where
D = Body density. According to Jackson and Pollock formula of body density

for female.
D= 1.097–(0.0004697× Sum of SF)+ 0.00000056× Square of the sum of skin

fold sites)–0.00012828 × Age (yr).

2.1 Statistical Analysis

Spearman’s correlation coefficient (rs) is a non-parametric test, which measures the
strength and direction of the association between two ranked variables. Spearman’s
correlation determines the strength and direction of the monotonic relationship
between your two variables. Spearman’s rank correlation formulas were used to find
how strong a relationship among the anthropometric variables. The formulas return
a value between +1 and −1, where +1 indicates a perfect association of ranks, −
1 indicates a perfect negative association of ranks, and a result of zero indicates
the weaker association between the ranks. MS Excel 2007 was used for statistical
analysis.

3 Results

1. Type of runners:
Running is performed over longer distances, for endurance, and with

primarily aerobic metabolism examples such as jogging, road racing, and
marathon (Novacheck 1997). The study categorized runners as beginners, inter-
mediate runners, and competitive runners. Beginners and intermediate runners
were further categorized into the interval and slow-continuous runners; compet-
itive runners categorized into a sprint (100, 200 & 400 mt), middle-distance (up
to 3000 mt), and long-distance runners (at least 3 km.). The study revealed that
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35% were beginners and they had started running from the last 2 to 6 months.
Out of these beginners, 71.4% were interval runner and 28.6% were doing
slow-continuous running. About 30% of students were intermediate runners
and practicing running for the last year. Out of these intermediate runners, half
were interval runners and another half were slow-continuous runners. Another
35% of students were competitive runners and practicing running from at least
2 years up to 6 years (some of thesewere runners from their school time). Twenty
percent of them were sprint runners (100 and 200 mt.) and 15% were middle-
distance runners (1500 mt), no one was found in the category of long-distance
running.

2. Anthropometric profile competitive runners
For the collection of anthropometric data, competitive runners were purpo-

sively selected. They were practicing their running regularly, participated in
athletic competitions frequently, and also have good physical health. Anthro-
pometric measurements are a series of systematized measures of the physical
properties that quantitatively express the dimensions of the human body size
and shape. It is an indirect method of assessing body composition and body
composition is an important indicator for evaluating health (Roche et al. 1996;
Mondal andMridha 2015).Anthropometricmeasurements include bodyweight,
height, skinfoldmeasurement, circumferences, and various body diameters. The
weight provides a simple measurement of bodymass and skinfold measurement
describes the regional fat deposition (adiposity). Therefore, weight combined
with skinfold measurement and body diameters can determine the amount of
fat-free mass and fat mass (Molla 2017).

3.1 General Profile

The study carried out in the university campus found that 55 percent of female runners
were 21–25 years old followed by 16–20 years (35%) and 26–30 years (10%). Study
further found that 60 percent female runners were having height in between 1.6 and
1.7 mt followed by 1.5 and 1.6 mt (35%) and 1.7 and 1.8 mt (5%). About the body
weight 80% runners were having body weight in between 51 and 60 kgs and 20%
were having 41 and 50 kgs.

3.2 Anthropometric Profile

Based on the first objective, out of 20 female runners, 5 competitive runners were
purposively selected for the anthropometric study.

Table 1 shows anthropometric data of five female runners involved in competi-
tive running. The mean, standard deviation for age, height, weight, BMI, and body
composition are presented in Table 1. The age of the selected competitive runners in
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Table 1 Competitive runner’s anthropometric profile

Variables Mean ± SD

Age (yr) 20 ± 1.58

Weight (kg) 49.6 ± 2.79

Height (mt.) 1.59 ± 0.05

BMI (kg/m2) 19.55 ± 1.35

Triceps (mm) 11.02 ± 1.71

Subscapular (mm) 13.62 ± 5.11

Chest (mm) 19.62 ± 2.03

Mid-axillary (mm) 16.56 ± 3.38

Suprailiac (mm) 15.72 ± 4.82

Abdominal (mm) 16.26 ± 4.28

Thigh (mm) 20.18 ± 5.92

FAT% 15.12 ± 2.56

Fat wt (kg) 7.53 ± 1.55

LBW (kg) 42.06 ± 1.94

the study varies from 18 to 22 years (20 ± 1.58) with mean weight 49.6 ± 2.79 kg,
considered as normal bodyweight (Nuttall 2015), and heightwas 1.59 ± 0.05mt.As
a report by World Health Organization 1995, BMI splits into four categories: under-
weight (BMI < 18.5), normal weight (BMI 18.5–24.9), overweight (BMI 25.0–29.9),
and obesity (BMI ≥ 30), and BMI in the present study on female runners falls into
normal weight category (19.55 ± 1.35 kg/m2). Data of seven skinfolds were used
to calculate the available fat weight, fat%, and lean body mass. American Council on
Exercise categorizes fat percentage into: essential fat (10–14%), athletes (14–21%),
fitness (21–25%), average (25–32%), and obese (above 32%) (Muth 2009); in present
study, the mean fat percentage of female runners was found to be 15.12 ± 2.56%
and lean body weight was 42.06 ± 1.94 kg, and therefore female runners fall into
athletes category.

1. Spearman’s Rank Correlation

Spearman’s rank correlation is non-parametric version of Pearson’s correlation
coefficient, which helps to assess the relationship between two variables.

Table 2 shows rank correlations among the anthropometric variables. According
to Spearman’s rank correlation, it was found that age has a positive rank association
with weight, height, BMI, and fat % (rs = 0.61, rs = 0.91, rs = 0.74, and rs = 0,
respectively). The study shows a strong association between age and height of the
female runners but there was no association between the age and fat percentage of the
female runners. Chinedu et al. (2017) also found that there was strong correlation (p
< 0.001) between age and the anthropometric parameters: weight (r = 0.69), height
(r = 0.31), and BMI (r = 0.61). In the present study, the weight of the female runners
has a strong association with BMI and fat weight (rs = 0.95 and rs = 0.94). BMI also
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Table 2 Spearman’s rank correlation among variables n = 5

Variables Weight Height BMI Fat % Fat wt

Age 0.61 0.91 0.74 0 0.31

Weight – 0.82 0.95 0.74 0.94

BMI 0.95 0.86 – 0.66 0.84

rs = Spearman’s rank correlation coefficient
BMI = Body mass index, wt = Weight

has a positive relationship with weight, height, fat%, and fat weight (rs = 0.95, rs
= 0.86, rs = 0.66, and rs = 0.84, respectively). BMI and body weight have a strong
association. The present study supported by Vuvor and Harrison (2017) found that
body weight was correlated with body fat (r = 0.67).

4 Discussion

The study concludes that among all sports, running is the most popular recreational
and competitive activity. The study includes beginners, intermediate, and competi-
tive runners, and these runners practice running for different purposes, like for recre-
ation, to improve their health, to improve their physical stamina, and to improve
their performance timing. Beginners and intermediate runners were mainly interval
runners and slow-continuous runners, whereas competitive runners range from sprint
(100, 200, and 400 mt), middle-distance (up to 3000 mt), and long-distance runners
(at least 3 km). Competitive runners were selected for anthropometric study because
of their constant and regular involvement in running. The anthropometric profile
of competitive runners was further selected to determine their body composition.
All of these runners had been practicing for more than 2 years and took part in
inter- and intra-university athletic meets. The study revealed that age, weight, and
BMI were positively associated. Skinfold measurement to determine the presence
of fat in different body parts helps to assess fat weight and fat% in the body. A
runner having a low-fat percentage falls into the athletic category which indicates
good health and leads to good race performance (Bale et al. 1986). An investigation
by Ismail and Zawiak (1996) found that athletes with low body fat% can uptake
maximum oxygen (VO2max). The study further revealed that body weight and BMI
have a perfect association among body weight, fat weight, and fat percentage. Ilman
et al. (2015) concluded that the relation between BMI and body fat percentage was
influenced by gender and age.
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5 Conclusion

Present study concludes that the anthropometric variable helps to assess the body
composition of the female runners. Anthropometric property has a marked effect
on athlete’s health and performance. This information will be helpful for the future
study on long-distance runners and individual practicing other sports.
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