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ABSTRACT
Background and Aim: In everyday practice, the anthropometric assessment including 
measures of skinfolds and body girths must be performed avoiding previous physical 
exercise. However, few studies are conducted using situations with ecological validity. 
Thereby, this study aimed to compare if 10k treadmill run alters skinfold measures and 
body girths of runners. Methods: Eighteen runners of both sexes and levels (34 ± 6 years 
old with 8 ± 7 years of run practice and 63.6 ± 8.8 ml*kg-1*min-1 of VO2max) underwent 
body girths, skinfolds thickness and body weight assessments before and after the 10k run. 
The anthropometric parameters were compared by Student’s t-Test dependent for paired 
samples and correlations between body weight reduction and anthropometric parameters 
were compared by Pearson’s correlation coefficient with α= 5%. Results: The 10k run 
reduces 1.4% of body weight. However, no significant changes were observed in the sum 
of skinfold thickness or body girths. The percentage of body weight reduction also was 
not correlated with the exercise-induced changes in skinfold thickness and body girths. 
Conclusion: Although 10k run causes a body weight reduction, the skinfold thickness and 
body girths not altered in previously trained individuals and was not correlated with body 
weight reductions. In this way, the use of these anthropometric assessment techniques can 
occur both before and after a conventional training session in runners.
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composition. 
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INTRODUCTION
In sports and fitness contexts, anthropometry 
assessment is widely used to monitoring the general 
health of athletes[1] in the selection phase, pre-
season and follow-up.[2] Among the procedures that 
commonly used for the anthropometric assessment, 
the measurement of skin folds and body girths, a low-
cost technique, that when performed under accuracy 
methodological rigor shows good reliability for 
assessing body composition.[3] Through equations 
that consider the skinfold thickness, the body 
density is initially inferred[4,5] and then both body fat 
percentage and muscle mass are obtained.[6]

Regarding the guidelines given to ensure an 
adequate reproducibility of anthropometric 
assessments, it is widely suggested that any type of 
physical exercise should be avoided in the hours 
prior to the assessment.[3,7-9] It may be justified by 
the accumulation of extracellular water, a result of 
peripheral vasodilation due to aerobic exercise, 
which could increase the skinfold thickness.[9] 
Previous studies reinforce the hypothesis of the 
reduction of skinfolds after an exercise practice,[10-12] 
particularly when subjected the volunteers to extreme 

situations, such long duration competitions, lasting 
many hours to more than one day. Despite this, 
the mechanisms that explain the exercise-induced 
changes in anthropometric measures are poorly 
known.[13] To the best of our acknowledgment, none 
research on the evaluation of skinfolds thickness and 
body circumferences after a single short-duration 
exercise session with wide reproducibility was found 
in the literature. Thus, studies that promote greater 
understanding and support the applicability of 
this technique in different contexts, such as after a 
conventional aerobic training session, can contribute 
and amplify its use in the most varied contexts. 
Thereby, the present study aimed to compare 
skinfold thickness and body girths before and after 
a 10k treadmill run. 

MATERIALS AND METHODS

Sample Characteristics and Ethical 
Considerations 
Eighteen elite and recreational brazilian runners (23-
45 years old) of both sexes, participated in the study 
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(Table 1). The volunteers signed a free and informed consent form where 
the research procedures were exposed, as well as their risks and benefits, 
which were approved by the Research Ethics Committee of the Federal 
University of Minas Gerais under no. 64800817.0.0000.5149. All the 
subjects who completed the 10k run on a treadmill were included in the 
analysis. The procedures were performed in the Laboratory of Exercise 
Physiology of Federal University of Minas Gerais.

Procedures
The experimental procedures were conducted in two different days and 
the subjects abstained from physical exercises in the 24 hr before the 
experimental procedures. At first day, a progressive test was performed 
to determine the maximum oxygen consumption (VO2max)[14] and 
maximal heart rate. On the second day, the 10k run on a treadmill 
was performed and the skinfold thickness, body circumferences, body 
weight and height were assessed. Subsequently, the subjects performed a 
10k treadmill run (93T Life Fitness, Illinois, USA) with a 1% inclination 
in a controlled ambient (18-20 Celsius degree and 65-75% of humidity). 
Each subject should run the 10k as fast as possible in self-paced velocity 
without ingestion of water. Heart rate (HR) was recorded every minute 
for the calculation of mean HR and the highest HR value was considered 
as maximal HR. Immediately after the exercise, the same evaluator 
conducted the sequence of procedures identical to those performed at 
the pre-exercise moment. 

Anthropometric Assessment 
For the skinfold thickness assessment, a pen mark was made on the skin 
at predetermined locations, which remained after the 10km run. The 
skinfolds were evaluated with dry skin on the right side by the skinfold 
(Lange®) graduated from 0-65 mm and 1 mm accuracy was measured 
for the measurements. These procedures were carried out following the 
proposition of Norton and Olds.[3] Three measurements were obtained 
for each anatomical point and the mean value of these measurements 
was considered for statistical analysis. The caliper was positioned for 
reading about 1 cm below the fingers that pinched the fold, composed 
only of skin and fat. Two seconds after its placement, the reading was 
performed on the nearest millimeter. Nine skinfolds sites were assessed 
in the present study (subscapular, tricipital, bicipital, pectoral, axillary, 
supra-iliac, abdominal, thigh, calf), according to Jackson and Pollock,[5] 
the most used protocols for estimation of body density in practical and 
research contexts in sports and fitness. Then, the Siri equation[6] was used 
to calculate the body fat percent.
Body circumferences were evaluated using a 1.5 m tape and 0.5 cm of 
accuracy was considered in the evaluations. The volunteers remained 
standing, adopting a relaxed posture and under involuntary control of 

their breathing. The sites evaluated were the shoulder, arm, abdomen, 
hip, thigh and calf, following international standards.[3,8]

The body weight was evaluated with the volunteer barefoot and wearing 
only underwear with a precision of 20 g (digital scale, MF100, Filizola®). 
The height was evaluated by the stadiometer (Line 31, Filizola ®) adopting 
precision of 1 cm. At the end of the exercise, the volunteers were 
instructed to dry themselves with paper towels before the assessment of 
body weight, circumferences and skinfolds.

Statistical Analysis of Data
The normality and homoscedasticity were met, which made it possible 
to perform parametric analysis. All data are expressed as mean±standard 
deviation. Additionally, to compare the values ​​of each of the skinfolds 
and the circumferences as well as their sum before and after the 10km 
race in each of the groups, the paired Student’s t-test with two-tailed was 
used in a significance level of 5%. The intra-class correlation coefficient 
analysis was used to evaluate the reproducibility between the three 
measurements performed in each of the skinfolds at both the pre- and 
post-exercise moments. For ICC analysis, the mixed model was admitted, 
assuming that the skinfolds and circumferences were measured by the 
same evaluator in the pre- and post-exercise moments and the variation 
would occur only in the measurements. Pearson’s correlation was used 
to measure the relationship between changes in body weight caused by 
exercise and changes in skinfolds. The inferential analysis and graphs 
were performed in Sigma Plot 13.0 software. 

RESULTS
There was no significant changes in any of the skinfolds (Table 2) or body 
circumferences (Table 3) as well as in their sums were observed (p>0.05 
for both). Men showed the lower sum of skinfold thickness (Table 2) and 
the higher sum of body circumferences (Table 3) than women (p<0.05 
for both). Elite athletes also showed a lower sum of skinfold thickness 
(Table 2) and the higher sum of body circumferences (Table 3) than 
women (p<0.02, for both). Additional analyses were conducted and none 
of the subgroups showed any changes in the skinfold thickness or body 
circumferences (p>0.05 for all).
The ICC analysis showed significant reliability among the three measures 
in all the nine anatomical locations used for skinfold measures both pre 
(0.96 to 0.99 for each of the measures) and post-exercise times (0.95 to 
0.98 for each of the measures). 
Characteristics of the 10k treadmill run were described in Table 4. The 
means comparison was performed only for the exercise-induced body 
weight changes and showed that all groups reduced your body weight 
after exercise (p<0.05). Although the exercise reduces body weight, the 

Table 1: Characteristics of the subjects (mean ± standard deviation).

Men
(n= 9)

Women
(n= 9)

Elite
(n=6)

Recreational
(n= 12)

All 
(n=18)

Age (years) 36.4 ± 3.5 31.7 ± 7.3 31.7 ± 6.4 35.3 ± 5.8 34.1 ± 6.1

Weight (kg) 71.8 ± 8.4 57.1 ± 7.4 58.9 ± 7.7 67.2 ± 11.3 64.5 ± 10.8

Height (cm) 175 ± 7.7 161.4 ± 7.5 168 ± 11.3 168.3 ± 10.0 168.2 ± 10.1

Body fat (%) 12.2 ± 5.9 13.2 ± 3.6 9.0 ± 5.2 14.6 ± 3.4 12.7 ± 4.8

VO2max (ml*kg-

1*min-1) 69.5 ± 7.5 57.7 ± 5.4 70.1 ± 7.2 60.3 ± 7.7 63.6 ± 8.8

HRmax (bpm) 184 ± 9 179 ± 7 175 ± 6 184 ± 7 181 ± 8

Time of practice 
(years) 10.6 ± 8.2 6.0 ± 4.2 11.6 ± 9.6 6.7 ± 4.4 8.3 ± 6.7

Note: HR: Heart rate, BPM: Beats per minute
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exercise-induced body weight changes were not related to changes in 
anthropometric measures. 
Skinfold thickness is an indirect method of assessing body composition 
and the percentage of body fat. Studies confirming the validity of 
skinfolds based on their relationship to hydrostatic weighting, is 
considered to be a gold standard method.[13] This method is based on the 
relationship between subcutaneous fat, internal fat and body density. It is 
possible to predict the amount of body fat through regression equations[9] 

that consider several measures of skinfold thickness. However, it is 
necessary to test the intra-rater reliability of this measures[13] and in the 

relationship between the change in exercise-induced body weight and 
the change in the sum of all skinfolds (r = 0.05; p= 0.82) and the sum of 
all body circumferences (r = -0.31; p= 0.22) were not significant. 

DISCUSSION
The present study was investigated whether a single session of running 
alters the skinfold thickness or body girths of runners. In contrast to 
previous data[10-12] although 10k treadmill run reduces 1.4% of body 
weight there were not found any differences in the skinfold thickness 
or body girths even when subjects were split into subgroups. Also, 

Table 2: Skinfold thickness (mm) before and after exercise (mean ± standard deviation).

Men
(n=9)

Women
(n=9)

Elite 
(n=6)

Recreational
(n=12)

Pre Post Pre Post Pre Post Pre Post

Subescapular 13 ± 7 13 ± 7 11 ± 3 10 ± 5 10 ± 4 11 ± 7 14 ± 6 14 ± 6

Tricipital 8 ± 4 8 ± 4 17 ± 3 16 ± 4 12 ± 6 11 ± 6 14 ± 5 14 ± 5

Pectoral 6 ± 3 6 ± 3 7 ± 3 6 ± 2 5 ± 2 5 ± 2 8 ± 2 7 ± 2

Bicipital 4 ± 1 4 ± 1 7 ± 2 7 ± 2 5 ± 2 6 ± 2 6 ± 2 6 ± 2

Axillary 8 ± 4 8 ± 5 7 ± 2 7 ± 2 7 ± 3 6 ± 3 9 ± 4 9 ± 3

Suprailiac 11 ± 6 11 ± 6 10 ± 3 10 ± 2 8 ± 4 8 ± 4 12 ± 5 13 ± 4

Abdominal 16 ± 10 16 ± 9 15 ± 5 15 ± 5 10 ± 6 10 ± 6 19 ± 6 19 ± 6

Thigh 12 ± 7 12 ± 8 21 ± 5 22 ± 7 15 ± 9 14 ± 9 19 ± 7 20 ± 8

Calf 8 ± 6 8 ± 5 9 ± 5 12 ± 5 10 ± 6 10 ± 6 12 ± 5 11 ± 5

Sum 86 ± 43 86 ± 44 108 ± 22 107 ± 22 81 ± 40 79 ± 41 113 ± 28 112 ± 29

Table 3: Body girths (cm) before and after exercise (mean ± standard deviation).

Men
(n=9)

Women
(n=9)

Elite 
(n=6)

Recreational
(n=12)

Pre Post Pre Post Pre Post Pre Post

Shoulders 101 ± 12 100 ± 12 87 ± 7 87 ± 7 92 ± 14 92 ± 13 94 ± 12 94 ± 11

Arms R 31 ± 4 30 ± 3 27 ± 2 27 ± 1 27 ± 2 27 ±1 30 ± 3 30 ± 3

Arms L 30 ± 3 30 ± 3 27 ± 2 27 ± 2 27 ± 2 27 ± 2 29 ± 3 29 ± 3

Abdominal 81 ± 7 80 ± 7 75 ± 5 74 ± 6 73 ± 2 72 ± 2 80 ± 7 80 ± 7

Hip 95 ± 4 95 ± 3 93 ± 5 93 ± 5 90 ± 3 91 ± 4 96 ± 4 96 ± 4

Thigh R 54 ± 4 54 ± 4 51 ± 4 51 ± 4 50 ± 2 50 ± 2 54 ± 4 54 ± 4

Thigh L 54 ± 4 53 ± 3 51 ± 3 51 ± 4 50 ± 2 50 ± 2 54 ± 4 54 ± 4

Calf R 37 ± 2 37 ± 2 35 ± 3 35 ± 2 35 ± 3 35 ± 2 35 ± 2 36 ± 2

Calf L 37 ± 2 37 ± 2 35 ± 2 35 ± 2 35 ± 2 35 ± 2 35 ± 2 36 ± 2

Sum 526 ± 24 521 ± 25 479 ± 27 479 ± 27 479 ± 27 477 ± 26 511 ± 32 508 ± 32

Note: R: Right side, L: Left side.

Table 4: Characteristics of the exercise protocol (mean ± standard deviation).

Men
(n=9)

Women
(n=9)

Elite 
(n=6)

Recreational
(n=12)

All 
(n=18)

10k run (mins) 45.3 ± 5.3 48.9 ± 4.8 42 ± 3.7 49 ± 3.9 47 ± 5.1

Hr mean (bpm) 160 ± 15 168 ± 12 154 ±16 169 ± 10 164 ± 14

HR (% max) 89.3 ± 4.8 94.0 ± 3.9 91.5 ± 5.3 92.1 ± 4.8 91.9 ± 4.8

Δ BW (%) -1.4 ± 0.3* -1.3 ± 0.5* -1.6 ± 0.4* -1.3 ± 0.4* -1.4 ± 0.4*

Note: HR: Heart rate, BW: Body weight. 
*Student’s t test was significant different (p<0.05) in pre vs. post
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present study, a good intra-class correlation coefficient (0.96 to 0.99) 
was obtained for all skinfolds and body circumference evaluations, 
confirming the good reliability of the technique used.
In the present study, despite the reduction of body weight caused by 
exercise, there was no change in the cutaneous skinfolds and eight body 
circumferences isolated and also as a sum after the accomplishment of 
10k in the treadmill. General guidelines suggest that anthropometric 
assessment should be performed avoiding previous exercise,[7-9] but 
conflicting results are reported in the literature[10-12,15] which, in turn, 
many studies are conducted with strenuous exercise duration[10-12] with 
little ecological validity. Knechtle et al.[10] carried out a study with 148 
athletes who completed the 100k ultra marathon evaluating them before 
and after completing this distance. Similar to our findings, the authors 
did not find reduction in the sum of eight skinfolds, although there 
were observed isolated reductions in the circumference and skinfold 
thickness in both upper and lower body. In contrast to these results, 
the other two studies showed a decrease in skin folds after long-term 
competitive exercise protocols, such as ultra-distance cycling[11] and in 
the open water swimming events.[12] 
A possible explanation for this controversial result is the great disparity 
between the duration of the activities, being of 47 min in the present 
study and approximately 12 hr in ultra-marathon,[10] about 26 hr in the 
ultra-distance cycling[11] and 9 hr in the swimming in open waters.[12] It is 
reported that a longer duration of the test would be inversely associated 
with alterations in abdominal skinfold.[11] Thus, the duration of activity 
seems to be relevant to promote a reduction of body circumferences 
and skinfolds and 10km run it does not seem to be enough to alter 
anthropometric measurements.
Contradictory results were observed between the present study and 
the previous literature. It may also have occurred due to the lower 
reduction of body weight, being 1.4% in the present study versus 1.7% 
found in Bischof et al.[11] and 2.5% found by Knechtle et al.[10] The sweat 
production is mediated by the autonomic nervous system to counteract 
the increase in internal temperature promoted by muscle contractions, 
inducing losses of water content in their bodies. 
Each kilogram lost immediately after exercise compared to pre-exercise 
ranges between 1 and 2%[16] the body’s hydration status, explaining the 
reduction in body weight loss after exercise. Body weight reductions were 
directly related to the reduction in pectoral, triceps and thigh skinfold 
thickness as well as a reduction in the circumference of the arms, thigh 
and legs.[10] Also, these changes may be due to a reduction in the specific 
density of urine, a marker of body dehydration, which is related to the 
reduction of the axillary skinfold.[10] In the present study, there was no 
reduction in skinfolds and no correlation between the changes in body 
weight and changes in the thickness of skinfolds or circumferences after 
10k of running, it may be that the proposed activity, chosen because of its 
greater ecological validity seems not to have been sufficient to promote 
body dehydration at levels similar to those observed by Knechtle et al.[10] 
explaining the absence of changes in the anthropometric measures. 
In the present study, the sample population had low amounts of body 
fat, as demonstrated in runner-athletes, reported by Garrido-Chamorro 
et al.[2] Despite this data, the additional analysis revealed that both 
men vs. women and recreational vs. elite runners who had different 
body compositions in baseline seem not to have their anthropometric 
measures influenced by the previous 10k run on a treadmill. 
Running involves the displacement of the own body weight, the skinfold 
assessment is an important part of the process of training monitoring of 
athletes because it allows adequate controlling of their body composition. 

In this way, the present study suggests that an anthropometric 
assessment can be performed before and after a conventional training 
running session. These findings are encouraged to be replicated in future 
investigations that use other exercise models (e.g. strength training 
sessions) and other populations (e.g. as sedentary or recreational athletes 
of other disciplines) to confirm the influence of a single exercise session 
on skinfold thickness and body circumferences.

Limitations of the Study
Although the water ingestion was not allowed during the 10k run, the 
lack of estimation of the hydration status and time spent between the last 
meals, are the limitations of the study. 

CONCLUSION
Skinfolds and body circumferences do not change with prior aerobic 
exercise in athletes or recreational subjects, suggesting that the use 
of these techniques for anthropometric assessment can occur both 
before and after a training session.
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