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Abbreviations: BMI, body mass index; FW, fat weight; Fat%, 
fat percentage; LBW, lean body weight; SF, stroke frequency; SL, 
stroke length

Introduction
Swimming is a full body exercise that can be both fun and 

competitive. Competitive swimming ranges from school level to 
district, national and international championships, including the 
Olympic Games. With more and more children taking up swimming 
at school at competition levels, it has become important to know the 
effects of competitive swimming which include an intense regular 
training on their BMI and body fat levels. On the other hand the 
published data on the above mentioned anthropometric parameters, 
especially on swimmers are not readily available in Sri Lanka. Further 
the higher body fat levels and lower cardiorespiratory endurance the 
BMI values since child hood the increases the risk factors of non-
communicable disease. Lack of research and unavailability of data 
will affect the preventive measures nationally. Identification of 

methods such as involving in sports and further the best sport would 
benefit to fulfill the broad national objectives such as prevention of 
non-communicable diseases. 

The aims of this study was to determine the mean BMI and body 
fat percentages of teen age (age 13-19years) swimmers and non 
swimmers in both genders, and to compare with the age and sex 
matched control groups.

Relationships between individual performances and body 
anthropometry were known for a long time and as a consequence 
a relationship has been established between body anthropometric 
characteristics and swimming.1 For the human body, anthropometric 
systems are mainly concerned with body build, composition and 
constitution and with the dimensions of the human beings.2 

Anthropometry is used to assess and predict performance, health 
and survival of individuals3 and literature reveals that anthropometric 
variables have significant statistical correlation with performance 
components such as endurance.4 Also, different variables of 
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Abstract

Swimming is a popular sport in the world which competed at many different levels. 
Anthropometric parameters in teenagers including swimmers in Sri Lanka are not well 
documented. It is important to study on swimming and its effect on BMI and body fat levels 
because more children taking up swimming at school at competition levels.

The objective of the study was assessing the differences in anthropometric characteristics of 
teenage swimmers and non-swimmers. The specific objectives were to determine average 
BMI and body fat parameters of national level teenage swimmers and to compare with that 
of age and sex matched nonathletic and non-swimmers.

90 male and 90 female teenage swimmers who qualified for the School Nationals Meet were 
recruited to the study and also similar numbers of age, sex and geographical area matched 
controls. Standard equipment and procedures were used for measurements. Comparison 
was done using the independent sample t test (SPSS 17.0).

In the results, statistical significance was not found in BMI scores and Lean Body Weight 
(LBW) of male swimmers (MBMI=22.8, SD=5.3 and MLBW=52.3, SD=10.3) and non-swimmers 
(MBMI=23.7, SD=2.4 and MLBW=48.7, SD=8.6) with p=0.15 and 0.07 respectively while BMI 
and LBW of female swimmers (MBMI=19.0, SD=1.5 and MLBW=42.0, SD=3.7) and non-
swimmers (MBMI=22.3, SD=3.0 and MLBW=39.3, SD=2.2) was statistically significant with a 
p value 0.0001. Fat weight (FW) and Fat percentage (Fat %) of male swimmers (MFW=5.1, 
SD=2.1 and MFAT%=9.3, SD=4.6) and non-swimmers (MFW=7.7, SD=1.9 and MFat%=13.6, 
SD=3.9), and female swimmers (MFW=9.4, SD=1.9 and MFat%=18.2, SD=3.4) and non-
swimmers (MFW=13.3, SD=2.2 and MFat%=25.1, SD=3.1) were statistically significant with 
p values for FW 0.001 and 0.0001 and for Fat % 0.001 and 0.0001 respectively.

Both male and female swimmers show a statistically significant difference in Fat weight 
and body fat percentages compare to the non swimmers. In height, weight, BMI and Lean 
body weight of the female swimmers show a statistical significance while male doesn’t 
show in the comparison. Therefore swimming can be recommended to reduce the body fat 
which is a need of an individual’s life from the childhood.
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anthropometry may be associated with performances5 and it further 
influences on specific sports which has a special relationship with the 
respective body parts. 

Swimming performance is a multifactorial phenomenon of which 
the anthropometric aspects and energetic parameters play a significant 
role.6Athletes who use high Stroke Frequency (SF), compared to the 
athletes who use high Stroke Length (SL), have a tendency to be wider 
in the sagittal and frontal planes of the middle part of the body, and 
less robust in the thorax.1 Generally the swimmers had higher muscle 
strength in the back and upper extremities.7 

Knechtle et al.,5 showed that longer body segmental length 
contribute to successful swimming outcomes and the length of the 
upper arm related to race time, and pubescent boys presented a higher 
arm and thigh circumference in relation to none athletes boys, and 
this fact may be explained due to the training protocols influence on 
body anthropometry in teenage swimmers.8 This difference in the 
stature of swimmers may reflect the relationship between growth and 
development with the sport, swimming.8 

Some particular research in specific sports such as swimming has 
found that there is no correlation between anthropometry and race 
performance.5 Generally physical conditioning of a swimmer including 
only body composition influences the performance.8 The authors8,9 
have suggested for further studies on anthropometrical and muscular 
strength behavior in teenage population. Furthermore, swimming 
has been used by health professionals and exercise scientists as an 
exercise component of reducing body fat or body composition.10

Materials and methods
This descriptive analytical study evaluated anthropometrical 

measurements (height, body weight, BMI and body fat percentage) 
of teenage national level swimmers and the non-swimmer; non athlete 
teen ages in same age, sex and equal social levels. The general purpose 
of this study was to determine the above mentioned anthropometric 
values for teenage swimmers and non-athlete non swimmers and 
compare the groups. 

The study population was the national level teen age swimmers 
who undergo an intense training as a routine. 

The population for controls was the teenage individuals who have 
not participated in sports activities (Non-athletes/non swimmers) in 
interschool level (occasional athletes) or above or not participate in 
the sports activities at all. 

The study was conducted based on the exercise physiology 
laboratory of Department of Physiology Faculty of Medicine, 
University of Peradeniya and the Allied Health Sciences Unit, Faculty 
of Medicine, University of Colombo. The assistance was obtained by 
the trained staff attached to the laboratories

The sample was extracted from the teenage swimmers (year 13 to 
19 old) who qualified to swim for national champion ships and age 
group champion ships in Sri Lanka. The sample size was 90 for each 
group. The sample sizes were calculated using the formula
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Where

σ = highest standard deviation, 

µ = mean values of subjects and controls, 

σ fixed at 95%; 

Relative precision  20% or less  β = 20%

The list of national swimming champion ship participants in 
2011 was officially obtained from the Sri Lanka Aquatic Sports 
Union (SLASU) and created an excel sheet excluding the events 
based classification and the repeated names to create the individual 
swimmers list who qualified to swim at the national competitions. The 
teenage swimmers were extracted from the above list and two separate 
lists were made for males and females. The specific events (free style 
etc), distance (50m etc.) and age group (Under 14 etc.) specification 
was not considered in this study (Eg: Under 14 back stroke 50meters).

The selected pupils from the list by the names were identified 
and written informed consent obtained to participate in the study. 
Controls were selected to match age, sex and social status through 
the selected swimmers to the study. The consent was taken from the 
parents on the participant below 18years in all groups. The subjects 
who were recruited to the study was provided a pre test questionnaire 
and the successful candidates were provided information sheet and the 
consent forms to obtain the candidate’s or the parent’s consent. 

Acute or chronic injuries and illness free subjects (age 13 -19) 
who had been involved swimming as a sport at least for 3 consecutive 
years to the recruitment date and had undergone more than 3 regular 
sessions out of 5 within the week prior to 2days of recruitment were 
included to the study. The attainment of puberty, the duration from the 
puberty on the date of recruitment and detailed reproductive aspects 
were not considered in the inclusion criteria. Ethics approval was 
obtained from Ethics Review committee of the Faculty of Medicine, 
University of Peradeniya.

The anthropometric measurements which were used to calculate 
the BMI were height and the weight of the subjects. The standard 
stedio meter (1mm accuracy) and the weighing scale (in Kg with 2 
decimal places accuracy) were used following the standard methods. 
Calibration of the equipment was carried out according to the 
necessity. The training for the swimmers was regular (Mornings 
5.30-7.30) and the measurements were taken in between 10.30 to 
11.30. Measurements of the controls were taken at the Allied Health 
Sciences Unit laboratory at the mentioned time slots on the days that 
the measurements were taken. The body fat percentage was calculated 
using the seven site skin folds method and the Jackson Pollok equation 
for men and women. All the measurements were taken 3times and the 
average value was taken for the data analysis. The hours and the days 
of the training were same for all age groups. BMI, lean body weight 
and the fat weight were calculated with simple mathematic equations 
using an excel data sheet. The data was initially recorded on printed 
sheets which were used for data collection and excel data base were 
maintained using standard recording protocols to collect, record and 
computerize the data.

The data was analyzed using SPSS version 17.0 (Statistical and 
Products Service Solutions, Chicago). The normality of data was 
checked using the QQ plot and the histogram. The means of data were 
compared in the swimmers and non-swimmers in male and female 
categories, using the independent sample t test and the values were 
tabulated.

Results 
Anthropometric measurements were obtained from 360 subjects, 
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under four groups of equal size (90), namely male and female 
swimmers and male and female non-athletes, non-swimmers, between 
the ages of 13 and 19yrs. 

The individual data sets on body weight, height, shoulder breadth, 
hip circumference, lean body weight, fat weight, fat percentage and 
BMI had followed a normal distribution according to the histograms 
and QQ plots. The p value was considered less than or equal to 0.05 
(p≤0.05) to be statistically significant in comparison using independent 
sample t-test under the condition of normal distribution of data.

The mean age, weight, height and BMI of male swimmers were 
15±1.9, 57.4±9.9kg, 160±17.5cm and 22.8±5.3kg/m2 respectively. 
The age and sex matched controls too had a mean age of 15 ± 1.9years 
with mean weight 57.3±8.8kg and mean height 156±12.8cm and BMI 
the mean value 23.7±2.5kg/m2 (Table 1).

The mean age female swimmers were 15±1.8years and the mean 
body weight, height and BMI values were 51.4±4.3kg, 164±5.5cm, 
and 19±1.5kg/m2 respectively. The age and sex matched female 
controls too had a mean age of 15±1.8years with the mean weight 
52.6±3.7kg, mean height 153.0±8.3cm and mean BMI 22.5±2.2kg/
m2 (Table 1).

Table 1 Comparison of mean values for weight, height, body mass index (BMI) 
of the groups (P≤0.05)

Group
Mean

Weight (kg) Height (cm) BMI (kg/m2)

Male Swimmers 57.4±9.9 160.0±17.6 22.8±5.3

Male Controls 57.3±8.8 156.0±12.8 23.7±2.5

Female Swimmers 51.4±4.3 164.0±5.5 19.0±1.5

Female Controls 52.6±3.7 153.0±8.3 22.5±2.2

Comparison of height (160.0±17.6 & 156.0±12.8) weight (57.4±9.9 
& 57.3±8.8) and BMI (M=22.8±5.3 & 23.7±2.5) values of male group 
using independent-samples t-test showed no statistically significant 
difference with respective p values, p=0.065, p=0.980 and p=0.154 
(Figure 1). The comparison of the female groups the mean weight, 
height and BMI values showed a statistically significant difference 
with respective p values; p=0.05 for the weight and p=0.0001 for the 
height and BMI (Figure 1). 

Figure 1 Comparison of Mean Weight, Height and BMI of the groups.

The mean LBW and FW values of male swimmers were 52.3±10.4 
and 5.1±2.1 kg respectively. Mean LBW of male controls was 49.7±8.6 
while the mean value for the FW and fat % were 7.7±1.9 and 13.6±3.9 

in kilogram respectively. For the female swimmers, the mean values 
of LBW, FW and Fat % were 42.0±3.7 and 9.4±1.9 and 18.2±3.4% kg 
respectively and for the female controls the mean values of LBW, FW 
and Fat % were 39.3±2.2, 13.3±2.2 and 25.1±3.1% kg respectively 
(Table 2).

Table 2 Comparison of mean values for LBW, FW and Fat % of the groups 
(P≤0.05)

Group
Mean

LBW (kg) FW (kg) Fat%

Male Swimmers 52.3±10.3 5.1±2.1 9.3±4.6

Male Controls 48.7±8.6 7.7±1.9 13.6±3.9

Female Swimmers 42.0±3.7 9.4±1.9 18.2±3.4

Female Controls 39.3±2.2 13.3±2.2 25.1±3.1

Comparison of LBW of male swimmers and controls 
(M=52.3±10.3 & M=48.7±8.6) using independent sample t test has 
shown no statistically significant difference with p=0.067. However 
the comparison of the fat weight of male swimmers non-swimmers 
(M=5.1±2.1 & M=7.7±1.9) and Fat percentage of the male swimmers 
and male non swimmers (M=9.3±4.6 & M=13.6±3.9) showed a 
statistical significance with respective p values p=0.001 & p=0.0001.

A statistically significant difference was observed for the mean 
LBW (42.0±3.7 & 39.3±2.2), FW (9.4±1.9 & 13.3±2.2), Fat % 
(M=18.2±3.4 & M=25.1±3.1) of female swimmers and non-swimmers 
with same p value p=0.0001 (Figure 2). 

Figure 2 Comparison of Mean values of LBW, FW and Fat % of the groups.

Discussion
As observed in the male swimmers and male non swimmers, the 

mean values of weight were much closer to each other and showed 
no statistical significance (Table 1). However, in female swimmers 
and female non swimmers the difference of mean body weight was 
more than one kilogram. Therefore, female non swimmers in the 
study were a little heavier than the female swimmers. This difference 
was statistically significant with p value equal to 0.05 (Table 1). The 
regular training the development of the muscle mass may be the 
reason for this observation.

Above result regarding boys is in accordance with a study published 
by Kumar et al.,11 where they have described that young athletes show 
no significant difference in weight with age and sex matched athlete 
groups. Different authors state that increases in body mass had been 
observed internationally in children since the 1980s12 but in contrary, 
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this study did not show higher body mass in swimmers compared to 
non swimmers. The study published by Kondrič et al.,13 showed that 
the body mass (BM) allows swimmers to achieve a higher moment of 
force (MF) but we did not observe this in our swimmers (Table 1) as 
the mean difference weight is relatively small though some authors 
have observed a decrease in weight along with body fat associated 
with increased performance in swimming, that is lighter swimmers 
have a performance advantage.14

There was no significant difference in heights of the male swimmers 
(MS) and controls (p =0.065) (Table 1) though the difference in heights 
of female swimmers and female controls was statistically significant 
(Table 1) (p=0.0001). Those results were partially in accordance 
with the results by Geladas, where he described that the height is a 
significant predictor of sprinters in swimming. The author further 
goes on to state that the degree of association in girls was markedly 
lower than in boys.15

Another study showed that the; pubescent swimmer boys were 
8% taller than non-athletes and the pubescent swimmer girls were 
about 5% taller than non-athletes.8 Some other studies also show that 
both swimmer boys and girls tend to be taller than non-athletes of the 
respective gender and when they continue to involve in the sport they 
become taller and perform better.8,13,16 Results of the present study 
show that the teen age boys are 3% and girls are 7% taller than the 
non athletes. Some authors further suggested that height is the best 
predictor of performances in swimming.17,18 However, results of our 
studies do not fully agree with finding of above authors as male group 
doesn’t show a statistical significance in height comparison.

According to the WHO reference for BMI for South East Asian 
countries the BMI measurements in the male swimmers, male non-
swimmers and female non swimmers in our study are in the normal 
range (Table 1) while value for the female swimmers, fallen to a 
lesser value (19.03kg/m2). Comparison of BMI of the males (22.81 
& 23.70 in kg/m2 respectively in male swimmers and non-swimmers 
- Table 1) shows no statistically significant difference (p=0.15). This 
is due to the fact that the body weight and height of the males didn’t 
show a statistically significant difference. Among the girls there is a 
significant difference in their BMI with a higher probability value, 
p=0.0001. As both body weight and body height were significantly 
different we observed a significant difference in BMI between female 
swimmers and female non swimmers (Table 1). 

A significantly higher BMI observed in female non swimmers may 
have been due to lack of physical activity and similar observations 
have been reported by Russle et al. & Kumar et al.11,19 The results 
support the idea that swimming could be used as a means to reduce 
obesity which is becoming a burning problem all over the world.11,20,21 

The male subjects have a higher lean body weight (LBW) than 
female subjects as expected. However, comparison of the mean 
LBW of male swimmers (MS) and male non-swimmers (MNS) were 
not statistically significant (p=0.066). But in case of females, the 
difference of LBW is significant at the p=0.0001. Lean body weight 
of female swimmers was higher than the controls, even though female 
controls were significantly heavier than the swimmers. Thus we 
observed that the fat deposition of female swimmers is lower than 
non-athletic female group (Table 2). 

The reason for this observation may be due to the structured regular 
training those swimmers under goes. Results of a study conducted by 
Lieber et al.,22 to compare athletic and non-athletic young individuals 
also support this finding. It had shown that a significant difference was 

found among groups of swimmers and non-athletic group (p < 0.01) 
for changes in percent body fat, and changes in lean and fat weight 
over the training period and concludes that the sports and an organized 
training can directly influence physical anthropometric parameters 
such as LBW and body fat.22

Based on the findings of Zuniga et al.,23 that is; the swimming 
performance for girls may be improved through training programs 
designed to reduce body fatness and decreased weight and body fat are 
associated with increased performance and the lighter swimmers have 
a performance advantage.1,5,14,24 It can be concluded that increased 
lean body mass may lead to improved performance and better to keep 
swimmers with higher lean body mass (less body fat) due to same 
reason (The sample was national level swimmers in Sri Lanka). 

The males have shown low fat weight than females as reported by 
many authors11,21 a fact known widely. In the present study the male 
swimmers have shown the lowest fat weight which was statistically 
significant (p=0.0001) compared to male controls (Table 2). The fat 
weight comparison of female swimmers and controls also shows a 
statistical significance with a p value of 0.0001. Female swimmers 
also had shown lower fat weight than the controls. Therefore, it is 
clear that the swimmers had lower fat weight than non-swimmers. 
Previous research findings showed that the deposition of fat differs in 
each gender21 and individuals with lower physical fitness were fatter.12 
Swimming may improve physical fitness and therefore fat weight 
was less in swimmers and further the training could result lower fat 
percentage than non-athlete children. It reveals that swimming may 
influence body fat levels.7,8,11,19,22 Therefore, it is clear those findings of 
the present study are in agreement with the published data.

In contrary to this view, several authors stated say that elite 
swimmers may get an advantage of having higher body fat 
levels considering the energy expenditure and some swimming 
mechanics.5,25,26 However, even though we used national level Sri 
Lankan swimmers in our study the finding was not in agreement with 
the above hypothesis. 

The fat weight of the female swimmers was higher than the male 
controls (Table 2) and this may be due to the effects of teen age of 
the respective genders as fat percentage is generally higher in girls 
than the boys in teen age as a whole. A conclusion could be made 
that swimming could keep fat weight at a lower level in swimmers in 
either gender. It further emphasizes that swimming could be used as 
an exercise component of reducing body fat or body composition as 
suggested by White et al.,10 a few decades ago.

Percentage wise also the males have shown lower values while 
females have shown higher values for body fat (Table 2). Female non 
swimmers had highest fat percentage followed by female swimmers. 
The male swimmers had the lowest fat percentage (9.26%) among 
the groups, and this was significant compared to the male control 
group (13.64%). Though the male control had a higher value it could 
be considered a desirable value and the reason being that these are 
teenage subjects. Comparison between female groups also showed a 
significant difference in fat percentages (18.2 in swimmers and 25.1 in 
non swimmers) with a p value of 0.0001. These results show that the 
swimming may directly influence fat percentage of the body. These 
observations are in agreement with the findings that fat percentage 
of swimmers was less than non-swimmers and girls have got higher 
fat percentages compared to boys. The training could result lower 
fat percentage than non-athlete children revealing that swimming 
can influence on body fat percentage levels as it influence on fat 
mass.7,8,11,19,22
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Conclusion
According to the results and discussion above we can conclude 

that the fat weight and fat percentage is less in swimmers than non 
swimmers and fat deposition of female swimmers is lower than non-
athletic female group. The reason for this observation may be due to 
the structured regular training those swimmers under goes.

The changes in percent body fat, lean body weight and fat weight 
over the training period and conclude that the sports and an organized 
training can directly influence physical anthropometric parameters 
such as LBW and body fat. As the sample is teenagers a contribution 
of the effect of hormones may possible and further research are needed 
to identify those effects.

Therefore, it is clear that the swimmers had lower fat weight than 
non-swimmers. It further emphasizes that swimming could be used as 
an exercise component of reducing body fat or body composition as 
suggested by White et al.,10 a few decades ago.

The height weight and the BMI may not have much effect in 
the swimming perspective of the males but there were significant 
relationship in those parameters in females. 
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