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ABSTRACT

Purpose: The aim of this study is to evaluate mesosternale (chest circumference), a measurement reflecting
upper body morphology, using BMI and to determine gender-specific reference ranges, in order to reduce the
limitations of BMI.

Method: The research was conducted on a total of 700 university students, 500 men and 200 women, studying at
the Faculty of Sports Sciences of Kirsehir Ahi Evran University, who voluntarily participated in the study.
Participants' height, weight, and mesosternale (chest circumference) measurements were taken; BMI values were
categorized according to the classification criteria recommended by the World Health Organization for adults
Results: The findings showed that male individuals had higher height, weight, and chest circumference values
compared to females. In the reference ranges created according to BMI categories, it was determined that the
increase in chest circumference in female individuals was mainly associated with fat tissue accumulation, while
in male individuals, especially in the normal and overweight groups, the combined effect of muscle and fat tissue
was observed. Furthermore, by using the chest circumference/height ratio, the effect of inter-individual height
differences was reduced, and a proportional evaluation of upper body development was provided

Conclusion: In conclusion, it was found that measuring BMI by mesosternale and assessing it using the chest
circumference/height ratio contributes to more precise classification of body composition, especially in
physically active populations, and offers a multidimensional assessment model applicable in the fields of sports
science and clinical anthropometry.
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OZET

Beden Kitle Indeksinin Mesosternale Acisindan incelenmesi
Amac: Bu calismanm amaci, beden kitle indeksinin (BKI) siirhiliklarini azaltmak amaciyla, iist govde
morfolojisini yansitan mesosternale (gogiis cevresi) dlciimiiniin BKI ile degerlendirilmesini ve cinsiyete 6zgii
referans araliklarinin belirlenmesidir.
Yontem: Arastirma, Kirsehir Ahi Evran Universitesi Spor Bilimleri Fakiiltesinde dgrenim goren ve goniillii
olarak calismaya katilan 500 erkek ve 200 kadin olmak iizere toplam 700 {iniversite &grencisi iizerinde
yuriitiilmiistiir. Katilimcilarin boy uzunlugu, viicut agirligi ve mesosternale (gogiis ¢evresi) Ol¢iimleri alinmis;
BKIi degerleri Diinya Saglik Orgiitii’niin yetiskinler igin 6nerdigi smiflandirma kriterlerine gore kategorize
edilmistir.
Bulgular: Elde edilen bulgular, erkek katilimeilarin boy uzunlugu, viicut agirhigr ve gogiis ¢evresi degerlerinin
kadm katilimeilara katilimeilara kiyasla daha yiiksek oldugunu géstermistir. BKI kategorilerine gére olusturulan
referans araliklarinda, kadimn bireylerde gdgiis ¢evresindeki artigin agirlikli olarak yag dokusu birikimiyle iliskili
oldugu, erkek bireylerde ise 6zellikle normal ve fazla kilolu gruplarda kas ve yag dokusunun birlikte etkili
oldugu belirlenmistir. Ayrica gogiis ¢evresi/boy oranit kullanilarak, bireyler arasi boy farkliliklarinin etkisi
azaltilmig ve {ist govde gelisiminin oransal degerlendirilmesi saglanmistir.
Sonu¢: Sonuc olarak, BKi’nin mesosternale 6l¢iimii ve gogiis cevresi/boy orami ile degerlendirilmesinin,
ozellikle fiziksel olarak aktif popiilasyonlarda viicut kompozisyonunun daha hassas bi¢imde siniflandirilmasina
katki sagladigi ve spor bilimleri ile klinik antropometri alanlarinda uygulanabilir, cok boyutlu bir degerlendirme
modeli sundugu sonucuna varilmistir.
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INTRODUCTION

Body Mass Index (BMI) is an anthropometric indicator that defines the proportional
relationship between an individual's body weight and height and is widely used in population-
based assessments. In the literature, the terms Body Mass Index (BMI) and Body Mass Index
(BMI) are used synonymously. BMI is calculated by dividing an individual's body mass in
kilograms by the square of their height in meters, and the result is expressed in kg/m?
(Formula 1). If measurements are made in the British unit system (pounds and inches), a
conversion factor of 703 is included in the calculation (Formula 2) (World Health

Organization [WHO], 2005; Akilliok and Marangoz, 2023).

Formula 1. Method for calculating BMI in the metric system
BMI = weight (kg) / height (m)?

Formula 2. Method for calculating BMI in English units
BMI = [weight (Ib) / height (in)?] x 703

BMI provides a simple, economical, and practical measure for assessing individuals'
body size and weight; it is particularly used as a standard reference in epidemiological studies
for classifying weight status. Through this index, individuals can be classified under the
categories of underweight, normal weight, overweight, or obese according to their overall
body weight (WHO, 2005). The quantitative values provided by BMI allow for the
assessment of weight-related health risks in clinical and field studies, creating an objective
basis for communication between health professionals and individuals. BMI is primarily a
measurement tool developed for populations with sedentary lifestyles and average body
composition characteristics. Therefore, it is known to have limitations in athletic individuals
with high muscle mass or groups with extreme body composition characteristics. However, it
maintains its effectiveness in determining general trends regarding body weight in
community-based research and large samples. The widely accepted BMI classification ranges
recommended by the World Health Organization are presented in Table 1 (WHO, 1995;
WHO, 2000).

Table 1. Body Mass Index Basic Categories Table

Category BMI/BKI (kg/m2)

Weakness (Severe weakness) <16.0

Weakness (Moderate weakness) 16.0-16.9
Weakness (Mild weakness) 17.0-18.4
Healthy 18.5-24.9
Overweight (Pre-obese) 25.0-29.9
Obese (Class I) 30.0-34.9
Obese (Class IT) 35.0-39.9
Obese (Class I1T) >40.0

Note: If there are subclasses of weakness (severe, moderate and mild weakness), the classification WHO (1995)
report can be used. When only overweight and obesity classes are used, the use of the WHO (2000) report is
considered sufficient.
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Male athletes classified as lean may exhibit higher BMI values than expected based
solely on body fat percentage, often due to their relatively high muscle mass despite low fat
mass. This suggests that BMI may not fully reflect body composition at the individual level,
particularly in athletic populations (National Heart, Lung, and Blood Institute [NHLBI], 2026;
National Health Service [NHS], 2026). The primary purpose of BMI is to determine the
extent to which an individual's current body weight deviates from the reference ranges
defined for height. Increases or decreases in body weight are closely related not only to
changes in adipose tissue volume but also to components such as muscle mass, skeletal
structure, and physical activity level, and these factors can significantly affect BMI values
(Akilliok and Marangoz, 2023). The World Health Organization associates a BMI below 18,5
kg/m? in adults with underweight and a potential risk of malnutrition; Values of 25,0 kg/m?
and above are defined as overweight, and 30,0 kg/m? and above as obesity (World Health
Organization, 1995; 2000; 2005). However, BMI assessment in children and adolescents (2—
20 years) is approached with a different methodological approach than in adults. Although the
calculation method is the same, the obtained BMI value is interpreted through percentiles
within reference populations specific to the individual's age and gender, instead of fixed
threshold values. This approach allows for a more accurate assessment of weight status by
taking into account physiological variability related to the growth and development process

(Wang and Chen, 2012).

Evaluating BMI together with mesosternale measurements may contribute to a more
refined interpretation of anthropometric assessment by integrating skeletal structure into
traditional weight-based indices. Therefore, The aim of this study is to evaluate mesosternale
(chest circumference), a measurement reflecting upper body morphology, using BMI and to

determine gender-specific reference ranges, in order to reduce the limitations of BMI.
METHODS

Participants

The population of the study consisted of 815 students (590 male, 225 female) enrolled
at Kirsehir Ahi Evran University Faculty of Sports Sciences. The sample consisted of 700
students (500 male, 200 female) who voluntarily agreed to participate in the study. The study
was conducted using a random sampling method. Random sampling refers to the selection of
participants from the population according to a predetermined sample size (Alpar, 2020;

Cevahir, 2020).
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Measurement Procedures

Height Measurement: Height was measured using a stadiometer with participants
standing barefoot, in an upright position, with heels together and head positioned in the

Frankfurt plane. Measurements were recorded to the nearest 0,1 cm.

Body Weight (Weight) Measurement: Body weight was measured using a calibrated
digital scale with participants wearing light clothing and no shoes. Measurements were

recorded to the nearest 0,1 kg.

Mesosternale (Chest Circumference) Measurement: Mesosternale measurement was
obtained using a flexible anthropometric tape. The measurement was taken at the level of the
mesosternale landmark while participants were standing upright. Measurements were

recorded in centimeters.
Inclusion and Exclusion Criteria

Inclusion Criteria: Participants were required to be actively enrolled students at the
Faculty of Sports Sciences and to voluntarily agree to participate in the study. Individuals
aged between 18 and 30 years were included.

Since the participants were students of the Faculty of Sports Sciences, the possibility of
some individuals being actively engaged in competitive or professional sports was
acknowledged. However, participants were not classified based on athletic level, and no
subgroup analysis was conducted according to professional athletic status.

Exclusion Criteria: Participants with known musculoskeletal deformities affecting
thoracic measurements, recent injuries, chronic metabolic diseases, or incomplete
anthropometric data were excluded from the study.

Data Analysis

Data analysis was performed using SPSS 29.0 software. The normality of the data
distribution was assessed using the Kolmogorov—Smirnov test, given the large sample size
(n=700). In addition, histogram and Q-Q plots were examined to support the normality
assumption. Since the data did not significantly deviate from normal distribution (p> 0.05),

parametric statistical analyses were applied.

Descriptive statistics were calculated and presented as mean (X) and standard deviation

(SD) for continuous variables (Marangoz, 2023).

BMI classifications were interpreted according to World Health Organization reference

ranges for adults.
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RESULTS

Table 2. Descriptive Statistics of Men and Women Participating in the Study

Women Male
Variables (n=200) (n=500)
xtsd x+sd
Age 20,48+1,85 21,95+3,48
Weight 61,28+8,99 79,66+14,80
Height 165,66+5,94 177,92+6,06
Mesosternale (Chest Circumference) 86,34+7,06 96,75+8,37

As presented in Table 2, male participants had higher mean values for height, body

weight, and mesosternale measurements compared to female participant

Table 3. Mesosternale reference ranges by BMI categories in women participating in the
study

Chest Circumference

RDA Category RDA (kg/m?) (cm) Description

Weak <18.5 <83 Low upper body tissue volume
Normal 18.5-24.9 84-93 Normal upper body anthropometry
Overweight 25.0-29.9 94 -103 Normal upper body anthropometry

As shown in Table 3, mesosternale (chest circumference) reference ranges were
presented according to BMI categories in women. Chest circumference was <83 cm in the
underweight category, 84-93 cm in the normal category, and 94-103 cm in the overweight
category.

Table 4. Mesosternale Reference Ranges According to BMI Categories in Men Participating
in the Study

Chest Circumference

RDA Category RDA (kg/m?) (cm) Description

Weak <18.5 <89 Low upper body tissue volume

Normal 18.5-24.9 90 -99 Normal upper body anthropometry
Overweight 25.0-29.9 100 — 109 Normal upper body anthropometry
Obesity >30.0 >110 Increase in chest circumference due to fat

As presented in Table 4, mesosternale (chest circumference) reference ranges were
categorized according to BMI classifications in male participants. Chest circumference values
were <89 cm in the underweight category, 90-99 cm in the normal category, 100—109 cm in

the overweight category, and >110 cm in the obesity category.

Table 5. Chest Circumference / Height Ratio (GC/Height) Reference Ranges

Women Male Description
0.48-0.53 0.50-0.55 Normal
0.54 0.56 Increase in chest circumference due to fat

GC: Chest Circumference
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DISCUSSION

In this study, BMI was used based on the international -classification criteria
recommended by the World Health Organization for adults. However, BMI's inability to
distinguish between muscle and adipose tissue can lead to misclassification of body
composition, especially in physically active individuals. In order to reduce this
methodological limitation, mesosternale (chest circumference) measurement, which reflects
the upper body morphology, was included in the study. Chest circumference measurement; It
is among the regional anthropometric parameters recommended in the literature due to its ease
of application, reproducibility and capacity to reflect upper body muscle-fat distribution
(Norton and Olds, 2001; WHO, 2008). In addition, since there are hormonal and
morphological differences between male and female individuals, it was preferred to create
reference intervals specific to gender. This approach avoids ignoring biological differences in
anthropometric evaluations and enhances the interpretability of the results. This approach is a
form of delivery that supports the adoption of multidimensional assessment models,

particularly in the fields of sports sciences and clinical anthropometry.

The descriptive statistics presented in Table 2 reveal that there are significant
anthropometric differences between male and female sports science students. Body weight,
height and mesosternale (chest circumference) measurements of male individuals were
significantly higher compared to women; It can be explained by differences in sex-specific
hormonal structure, musculoskeletal development, and upper body muscle mass (Malina et
al., 2004; Janssen et al., 2000). In the literature, it has been reported that muscle development
in the thoracic region is more pronounced in male individuals due to the effect of androgenic
hormones, while adipose tissue is mostly stored in the gluteofemoral region in female
individuals (Malina et al., 2004; Janssen et al., 2000;). While the androgenic structure
increases the upper body muscle mass in men, it is reported that adipose tissue is mostly
stored in the gluteofemoral region in women due to the effect of estrogen This situation
causes regional environmental measurements to have different morphological meanings even
in the same BMI range. In addition, the fact that the sample of the study consisted of sports
science students raises the risk that BMI may overreflect adipose tissue. It is frequently
emphasized in the literature that BMI cannot fully reflect body composition in physically
active individuals and cannot distinguish between muscle mass and fat mass (Nevill et al.,
2010). These findings are consistent with the chest circumference values obtained in our

study.
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The reference ranges for chest circumference defined according to BMI categories in
female individuals in Table 3 reveal the relationship between upper body morphology and
body mass in more detail. Low upper body tissue volume in the poor BMI category (<83 cm)
is associated with energy deficiency and limited muscle development (WHO, 1995; Pasco et
al., 2014). Chest circumference values observed in the normal BMI range (84-93 cm) are
consistent with anthropometric limits considered optimal for functional capacity (Norton and
Olds, 2001). In the overweight and obese categories, the increase in chest circumference is
largely due to the accumulation of adipose tissue; It has been reported that increased fat in the
thoracic region may have negative effects on respiratory mechanics, postural control and
cardiorespiratory capacity (Lazarus et al., 1997; Pasco et al., 2014; WHO, 2008). For this
reason, it is of great importance to support BMI evaluations in women with regional
measurements such as chest circumference. In this study, it was determined that the mean
chest circumference values of female sports science students in the normal BMI range (18.5—
24.9 kg/m?) were approximately 88—90 cm. These findings are consistent with the average
chest circumference reported in studies involving university student women in Turkey and
largely coincide with the 86.4 + 6.2 cm values reported in the Uludag University sample
(Y1lmaz and Kaya, 2016). When internationally accepted anthropometric references are
examined, it is reported that the chest circumference values belonging to the normal BMI
group are generally in the range of 85-88 cm in the European adult female population (Norton
and Olds, 2001). Similarly, in a population-based study conducted in Australia, Pasco et al.
(2014) reported that chest circumference measurements ranged from 86-89 cm in adult
women with normal BMI. In this context, it can be said that the mean values obtained in the
present study are compatible with both national and international literature and reflect the
anthropometric characteristics expected within the normal BMI limits of female sports science

students.

BMI-based chest circumference reference ranges presented for male individuals in
Table 4 reveal the multidimensional nature of the relationship between BMI and upper body
composition. In the lean category, low chest circumference values indicate limited muscle
mass, while the values observed in the normal BMI group are consistent with physiological
muscle development. It is thought that the increase in chest circumference in the overweight
group is caused by the contribution of both muscle and adipose tissue together. It is
emphasized in the literature that the increase in BMI may be due to lean mass, especially in

male individuals who do resistance training (Kraemer and Ratamess, 2005; Heymsfield et al.,
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2014). However, it is reported that the increase in chest circumference in the obese category is
predominantly due to adipose tissue, which is strongly associated with cardiometabolic risks
(Després and Lemieux, 2006). These findings support the necessity of evaluating BMI in male
individuals in conjunction with regional measurements such as chest circumference. In this
study, it was determined that the mean chest circumference values of male sports science
students in the normal BMI (18.5-24.9 kg/m?) range were approximately 94-97 cm. These
findings largely coincide with the 95-99 c¢m range reported in the anthropometric reference

values of the European adult male population (Pheasant and Haslegrave, 2006).

Similarly, in a population-based study originating from North America, Janssen et al.
(2000) reported that thorax measurements associated with muscle mass in male individuals
with normal BMI ranged from 94-98 cm. In addition, anthropometric norms widely used
internationally show that chest circumference values for normal BMI men generally fall
between 96-100 cm (Norton and Olds, 2001). In this context, it can be said that the chest
circumference averages obtained in the current study are compatible with the reference values
reported from different geographical regions and reflect the expected anthropometric profile

of the upper body development of sports science students within normal BMI limits.

In general, when Tables 2, 3 and 4 are evaluated together, it shows that if the
classification of BMI based on WHO references is supported by chest circumference
measurement, body composition and possible health risks can be classified more precisely.
Especially in physically active populations such as sports science students, the use of

multidimensional anthropometric assessment approaches is methodologically important.

The Chest Circumference/Height (GC/Height) ratio in Table 5 allows a healthier
evaluation of the proportional size of the upper body region by reducing the effect of height
differences between individuals. In this context, GC/Height values reported in the range of
0.48-0.53 for women and 0.50-0.55 for men are associated with normal body composition
and balanced body development (Norton and Olds, 2001). In contrast, an increase in
GC/Height rate 0.54 in women and 0.56 and above in men may reflect not only an increase in
muscle mass but also an increase in subcutaneous and truncal adipose tissue. In the literature,
it is reported that fat accumulation in the upper trunk significantly affects thoracic
circumference measurements and leads to disproportionate increases in circumferential
measurements, especially in cases where body mass index exceeds normal limits (WHO,
2020). Janssen et al. (2000) emphasized that the circumferential increase in the thoracic

region in male individuals may be related to both muscle mass and adipose tissue, but the
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contribution of adipose tissue to the increase observed in measurements may be more
pronounced compared to muscle mass. Similarly, studies based on anthropometric references
have shown that an increase in chest circumference does not always reflect functional muscle
development; reveals that this increase may be mostly due to adiposity, especially in
sedentary or individuals with low physical activity levels (Pheasant and Haslegrave, 2006). In
this context, an increase in GC/Height ratio above normal reference ranges should be
considered as an important warning indicator that the increase in chest circumference may be
associated with adipose tissue accumulation in non-athlete or limited training populations.
Therefore, considering the GC/Height ratio together with BMI and other environmental ratios
(e.g., waist/height ratio) will contribute to a more accurate interpretation of morphological

changes in the upper body region in terms of muscle-fat separation (Norton and Olds, 2001).

CONCLUSION

In conclusion, this methodology offers an evaluation model that balances the limitations
of BMI, aligns with WHO criteria, and is highly applicable in the field of sports sciences. In
this respect, the study constitutes a strong methodological framework for both clinical and
performance-based anthropometric research. A combined evaluation of the tables presented in
this study shows that supplementing BMI and BMI with gender-specific reference ranges and
regional anthropometric measurements allows for a more precise classification of obesity and
associated health risks. Especially in sports sciences and clinical applications, it is

recommended to adopt multidimensional anthropometric assessment approaches.
Suggestions

Based on the findings of the present study, several methodological and practical
suggestions can be proposed. First, body mass index evaluations, particularly in physically
active populations, should be supported by regional anthropometric measurements such as
mesosternale (chest circumference) to improve the accuracy of body composition
classification. Second, the use of gender-specific reference ranges is recommended in
anthropometric assessments in order to account for biological and hormonal differences
between males and females. Third, proportional indices such as the chest
circumference/height ratio should be incorporated into routine evaluations to minimize the
effect of inter-individual height differences and to provide a more balanced interpretation of
upper body morphology. Finally, future studies are encouraged to combine chest

circumference measurements with additional body composition assessment techniques (e.g.,
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skinfold thickness, bioelectrical impedance analysis, or imaging methods) to further validate

multidimensional anthropometric assessment models in both athletic and clinical populations.
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