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Introduction
According to Arifi et al. (2017), Kosovo is a democratic, se-

cular and multi-ethnic republic, which is administratively divi-
ded into seven districts (Ferizaj, Gjakova, Gjilan, Mitrovica, Peja, 
Pristina, and Prizren) and five regions (Eastern, Western, Nort-
hern, Southern and Central). This study analyses the relationship 
between standing height and sitting height measurements in ado-
lescents in the western region of Kosovo. Within this region are 
two districts (Peja and Djakova) and seven municipalities (Deçan, 
Gjakova, Junik, Rahovec, Pejë, Istok and Klina). The territory of 
western Kosovo (Figure 1) covers 2,494 square kilometres, and 
its population consists of 368,907 inhabitants (Gardasevic, Ma-
sanovic, & Arifi, 2018). Kosovo does not have a large territory, 
but its terrain is highly varied. Most of Kosovo’s border areas are 

dominated by mountains and high grounds (Masanovic, Garda-
sevic, & Arifi, 2018). One of the most noticeable topographical 
features is the Bjeshkët e Nemuna, also known as the Albanian 
Alps. They are a geological continuation of the Dinaric Alps that 
run laterally through the west along the border with Albania and 
Montenegro (Arifi, Gardasevic, & Masanovic, 2018). It is widely 
known that body height and body proportions are specific for 
populations living on the Dinarides (Grasgruber et al., 2019). 
People from this area were recognized as tall people by Europe-
an anthropologists more than 100 years ago (Masanovic, 2018; 
Popovic, 2019). Based on that, one possible conclusion is that this 
fact might influence the main objective of this study, because of the 
soil type, as well as other socio social, economic and geographical 
characteristics as a potential influencing factor (Gardasevic, 2019).
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The measurement of standing height is a vitally important 
variable when evaluating nutritional status (Masanovic, Bavce-
vic, & Prskalo, 2019). Furthermore, there are many scientifically 
based findings that confirm that the measurement of standing 
height is an important variable when assessing the growth and 
development of children, the demands of energy, muscle stren-
gth, metabolic rate, lung volumes, and glomerular filtration, as 
well as adjusting the measures of physical abilities and predicting 
the appropriate dosage of medicine (M. Golshan, Crapo, Amra, 
Jensen, & R. Golshan, 2007; Saari et al., 2011; Bjelica et al., 2012; 
Popovic, 2018). Exact standing height sometimes cannot be me-
asured in the usual way (Frederiks et al., 2005); because of some 
acute and chronic conditions, such as paralysis, fractures, ampu-
tation, scoliosis and pain, an estimate of standing height has to be 
differently estimated, from other reliable anthropometric indica-
tors. For the most reliable anthropometric indicators, we consider 
sitting height, hand and foot lengths, knee height, length of the 
forearm, of the sternum, length of scapula, arm span, and others 
(Masanovic, Gardasevic, & Arifi, 2019; A. Ozaslan Iscan, I. Oza-
slan, Tugcu, & Koc, 2003; Fatmah, 2010; Masanovic, Gardasevic, 
& Arifi, 2018a). In the older subjects, these anthropometric indi-
cators can give us a better estimate of real growth due to the loss 
of standing height associated with ageing. In accordance with this, 
they are even more important when we want to diagnose indivi-
duals with abnormalities in growth or standing height loss during 
surgical procedures on the spine (Mohanty, Babu, & Nair, 2001), 
as well as to anticipate standing height in people who are too old to 
stand properly, thus making it very difficult to measure precisely, 
and sometimes impossible because of problems with movement 
and kyphosis (Bjure, Grimby, & Nachemson, 1968; Chumlea, Ro-
che, & Steinbearagh, 1985; Popovic, Gardasevic, Masanovic, Arifi, 
& Bjelica, 2017). Finally, this information is of vital importance 
in sport, since the standing height represents a significant factor 
that influences the success in almost all sports disciplines (Popo-
vic, 2014; Gusic, Popovic, Molnar, Masanovic, & Radakovic, 2017; 
Masanovic, 2019; Arifi, Bjelica, Masanovic, 2019).

The benefit of using various body parameters in predicting 
standing height has been verified several times (Yun et al., 1995; 
Hickson & Frost, 2003), and arm span, foot length and sitting he-
ight reported to be among of the most reliable ones (Mohanty, 
Babu, & Nair, 2001; Ozden, Balci, Demirüstü, Turgut, & Ertugrul, 
2005; Dangour, Schilg, Hulse, & Cole, 2002). The complicating 

circumstance is that the relationship of long bones and standing 
height has revealed to vary in different ethnic and racial groups 
(Steele, & Chenier, 1990; Quanjer et al., 2014) as well as vario-
us regions (Norgan, 1994; Bjelica et al., 2012). For example, the 
average sitting height/standing height ratio of populations from 
Europe is 0.52, while the population from Africa in general, have 
slightly longer legs and ratios around 0.51. Populations from Asia 
have slightly shorter legs with a ratio of 0.53–0.54, and finally, at 
the bottom of the range for sitting height/standing height ratio are 
Australian Aborigines with ratios of 0.45–0.49 (Abou-Hussein, 
Abela, & Savona-Ventura, 2011; Ukwuma, 2009). Consequently, 
a specific formula for calculating standing height from the long 
bones for each ethnic group is required. The mentioned variati-
ons might also be relevant for sitting height predictions, mostly 
because the population from the Dinaric Alps has specific body 
proportions from the perspectives of both the nation and the re-
gion (Popovic, 2017). Even though several studies about this issue 
are available on the global population, only narrow data is avai-
lable on European subjects (Frederiks et al., 2005; Ariba-Munoz 
et al., 2013), while there were no regional analyses thus far in the 
Dinaric Alps population. Regarding the rather scant scientific ma-
terial, the purpose of this research was to examine standing height 
in both Western-Kosovan genders and determine its association 
with sitting height.

Method
This study included a sample of 664 fourth-year secondary 

school students (338 male and 326 female) from the Western Re-
gion of Kosovo. This group of respondents was selected for two 
reasons: the first is connected to the fact that the growth process 
of an individual ceases by this age, while the second is related to 
the fact that there does is not age-related loss in standing height 
at this age. The average age of the male subjects was 18.24±0.43 
years, while the average age of the female subjects was 18.25±0.45 
years. It should be noted that excluded from the data analysis we-
re the individuals with physical deformities, as well as those wi-
thout informed consent. Another exclusion criterion was being 
non-Western Kosovan. 

The anthropometric measurements that were needed for this 
research (standing height and sitting height) were taken according 
to the protocol of the International Society for the Advancement 
of Kinanthropometry (Marfell-Jones, Olds, Stew, & Carter, 2006). 

Figure 1. Geographical Location of Western Region in Kosovo
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Selected anthropometric indicators were measured by trained 
measurers, while the quality of their performance was estimated 
by the prescribed “ISAK Manual”. The age of each subject was ra-
ted directly from their birthdays.

The analysis was conducted by using the Statistical Package 
for Social Sciences (SPSS) version 20.0. For both anthropometric 
variables, means and standard deviations (SD) were obtained. 
A comparison of means of standing height and sitting height 
between genders was performed using a t-test. The relationships 
between standing height and sitting height were determined using 
simple correlation coefficients (95% confidence interval). To exa-
mine the extent to which the sitting height can reliably predict 

standing height, a linear regression analysis was carried out. Sta-
tistical significance was set at p<0.05.

Results
In Table 1, a summary of the anthropometric measurements 

of both genders is shown. The mean of the standing height for 
males was 179.71±6.00 centimetres, and sitting height was 
94.79±3.60 centimetres, while for females the standing height 
was 166.26±5.23 centimetres, and sitting height was 90.28±3.25 
centimetres. The gender difference between standing height and 
sitting height measurements was statistically significant (standing 
height: t=30.759; p<0.000, and sitting height: t=16.936; p<0.000).

Table 1. Anthropometric Measurements of the Study Subjects

Subjects
Standing Height Range Sitting Height Range

(Mean±SD) (Mean±SD)

Male
163.5-196.4 83.3-105.0

(179.71±6.00) (94.79±3.60)

Female
153.3-181.8 80.0-98.7

(166.26±5.23) (90.28±3.25)

The simple correlation coefficients and their 95% confidence 
interval analysis between the anthropometric measurements are 
displayed in Table 2. The associations between standing height 

and sitting height were significant (p<0.000) and high in this 
sample, for both genders (male: 0.661; female: 0.614).

Table 2. Correlation between Standing Height and Sitting Height of the Study Subjects

Subjects
Correlation 95% confidence Significance

Coefficient interval p-value

Male 0.661 0.581-0.742 <0.000
Female 0.614 0.527-0.700 <0.000

In Table 3, the results of the linear regression analysis are 
shown. First, all models were extracted by including age as a co-
variate. However, it was found that the contribution of age was 
insignificant and, therefore, the age was dropped, and estimati-
ons were derived as univariate analysis. The high values of the 

regression coefficient (male: 0.661; female: 0.614) signify that 
sitting height notably predicts standing height in both Western 
Kosovan genders (male: t=16.157, p<0.000; female: t=13.998, 
p<0.000), which confirms the R-square (%) for the male (43.7) 
as well as for the female (37.7).

Table 3. Results of Linear Regression Analysis in which Sitting Height Predicts Standing Height

Subjects
Regression Standard R-square

t-value p-value
Coefficient Error (SE) (%)

Male 0.661 4.507 43.7 16.157 0.000
Female 0.614 4.137 37.7 13.988 0.000

The associations between sitting height measurements and 
standing height among the above models are presented as a 

scatter diagram (Figure 2).

Figure 2. Scatter Diagram and Relationship between Sitting Height Measurements and Standing Height among Both Genders
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Discussion
In previous centuries, many researchers attempted to asse-

ss standing height using various anthropometric measures. They 
concluded that the arm span is the most reliable body indicator 
for predicting the standing height of an individual (Datta Banik 
et al., 2011; Gardasevic, Rasidagic, Krivokapic, Corluka, & Bjelica, 
2017), while sitting height was very close (Arriba Munoz et al., 
2013). The study conducted by authors Frederiks et al. (2005) and 
Arriba Munoz et al. (2013) confirmed a very high linear correla-
tion between standing height and sitting height in both genders 
of the Spanish population, while the research study conducted by 
Fatmah et al. (2010) shows a significant correlation between stan-
ding height and sitting height in both genders of the Indonesian 
population. The highest correlation coefficient in this population 
was found for sitting height in males (r=0.661) as well as in fema-
les (r=0.614).

However, researchers also found that the individual and eth-
nic variations exist with regard to standing height and its associa-
tion with sitting height, i.e., that the relationship between standing 
height and some other anthropometric measures are different 
from ethnic group to ethnic group as well as race to race. There-
fore, we conclude that racial and ethnic differences reduce the po-
ssibility of generalizing (Bjelica et al., 2012; Quanjer et al., 2014), 
i.e., that there are a need and necessity for developing separate 
standing height models for each population on account of ethnic 
differences.

Previous studies that have analysed the entire population 
confirm that there is a specific correlation coefficient in males 
(r=0.691) and females (r=0.629) from Kosovo (Popovic 2019). 
However, some recent studies have also confirmed that the regio-
nal differences between the same ethnic groups also exist (Popo-
vic, 2017; Masanovic, 2019), which caused the need for additional 
caution. Therefore, the main goal of this research was to investigate 
the above-mentioned facts, and test their validity for Western-Ko-
sovans, that is, for one of the five Kosovan regions. Specifically, in 
the present research, it was remarked that the sitting height/stan-
ding height ratio in Western-Kosovan male is quite smaller (male: 
43.7%; female: 37.7%) in comparison to the entire Kosovan popu-
lation (male: 47.7%; female: 39.6%) and other available populati-
ons that estimate over 70% each and more in the male population, 
while the female population is much more in parallel to previously 
measured populations. The sitting height measure seems to be a 
reliable indirect anthropometric indicator for estimating stan-
ding height in both genders of the Western-Kosovan population; 
consequently, the correlation between sitting height and standing 
height was significant in both Western-Kosovan genders. Despite 
similar relations, the estimation equations that are obtained in the 
Western-Kosovans differ considerably from the entire population 
of Kosovo and other available populations. 

The results of the previous studies confirm the necessity for 
developing separate standing height models for both Kosovan 
genders, but it also recommended that subsequent studies should 
consider the division criteria of the population of this country to 
regional subsamples. Analyses should be done separately, to en-
sure that there are no geographical differences (such as type of 
soil) influencing the average standing height in both genders from 
Kosovo, as well as its association with sitting height. The reason 
for concern was based on the fact that the whole territory of Ko-
sovo does not fall into Dinaric Alps racial classification. This study 
confirms the assumption that it is necessary to develop separate 
standing height models for each part of Kosovo on account of re-
gional variations. 

Another limitation of this research might also be the com-
position of the measured sample that consisted of high school 
students. There are some studies that assumed that the growth of 
an individual was not completed at this age (S. Popovic, personal 
communication, 2019). This assumption might be supported by 
the fact that in several previous studies we can find that universi-
ty-educated individuals are taller than the high school individuals 
in Hungary, Poland, and Bosnia and Herzegovina (Szollosi, 1998; 
Wronka & Pawlinska-Chmara, 2009; Gardasevic et al., 2017). 
However, the results show that this was not so in Montenegro, 
where the situation is reversed (Popovic, 2017). Comparing the 
average standing height measures of this study with the results 
of the average standing height measures of a study that examines 
university students might provide much more precise conclusi-
ons. 

A further limitation of this study is also the fact that both 
Kosovan genders had not yet reached their full genetic potential, 
since various environmental factors controlled their development. 
Further continuous monitoring is necessary, mostly because it is 
expected that the secular changes influencing standing height will 
ascend in the following two or three decades.

Acknowledgements
There are no acknowledgements. 

Conflict of Interest
The authors declare that there are no conflicts of interest.

Received:  29 April 2019 | Accepted: 28 June 2019 | Published: 01 October 
2019

References
Abou-Hussein, S., Abela. M., & Savona-Ventura, C. (2011). Body Mass Index 

adjustment for sitting height for better assessment of obesity risks 
in Maltese women. International Journal of Risk & Safety in Medicine, 
23(4), 241–248.

Arifi, F., Bjelica, D., & Masanovic, B. (2019). Differences in anthropometric 
characteristics among junior soccer and handball players. Sport Mont, 
17(1), 45-49. doi: 10.26773/smj.190208

Arifi, F., Bjelica, D., Sermaxhaj, S., Gardasevic, J., Kezunovic, M., & Popovic, S. 
(2017). Stature and its Estimation Utilizing Arm Span Measurements 
in Kosovan Adults: National Survey. International Journal of Morphol-
ogy, 35(4), 1161–1167.

Arifi, F., Gardasevic, J., & Masanovic, B. (2018). Relationship between foot 
length measurements and body height: A prospective regional study 
among adolescents in central region of Kosovo. Sport Mont, 16(3), 75-
79.

Arifi, F., Sermaxhaj, S., Gardasevic, J., Alaj, I., & Metaj, Z. (2018). Stature and 
its estimation utilizing arm span measurements of both gender ad-
olescents from southern region in kosovo. Sport Mont, 16(2), 51-54.

Arriba Muñoz, A., Domínguez Cajal, M., Rueda Caballero, C., Labarta Aiz-
pún, J.I., Mayayo Dehesa, E., & Ferrández Longás, A. (2013). Sitting/
standing height ratio in Spanish children from birth to adulthood. 
Arch Argent Pediatr, 111(4), 309-314.

Bjelica, D., Popovic, S., Kezunovic, M., Petkovic, J., Jurak, G., & Grasgruber, 
P. (2012). Body Height and Its Estimation Utilizing Arm Span Mea-
surements in Montenegrin Adults. Anthropological Notebooks, 18(2), 
69–83.

Bjure, J., Grimby. G., & Nachemson, A. (1968). Correction of Body Height in 
Predicting Spirometric Values in Scoliotic Patients. Scandinavian Jour-
nal of Clinical and Laboratory Investigation, 21(2), 190-192.

Chumlea, W.C., Roche, A.E., & Steinbearagh, M.L. (1985). Estimating stat-
ure from knee height for persons 60 to 90 years of age. Journal of the 
American Geriatrics Society, 33(2), 116–120. 

Dangour, A.D., Schilg, S., Hulse, J.A., & Cole, T.J. (2002). Sitting height and 
subischialleg length centile curves for boys and girls from Southeast 
England. Annals of Human Biolgy, 29(3), 290-305. 

Datta Banik, S. (2011). Arm span as a proxy measure for height and esti-
mation of nutritional status: A study among Dhimals of Darjeeling in 
West Bengal India. Annals of Human Biology, 38(6), 728-735.

Fatmah, F. (2010). Diagnostic test of predicted height model in Indonesian 
elderly: A study in an urban area. Medical Journal of Indonesia, 19(3), 
199-204. 



STANDING HEIGHT/SITTING HEIGHT RATION IN WESTERN-KOSOVAN ADOLESCENTS | B. MASANOVIC ET AL.

Sport Mont 17 (2019) 3 7

Frederiks, A.M., van Buuren, S., van Heel, W.J.M., Dijkman-Neericx, R.H.M., 
Verloove-Vanhorich, S.P., & Wit, J.M. (2005). Nationwide age references 
for sitting height, leg length, and sitting height/height ratio, and their 
diagnostic value for disproportionate growth disorders. Archives of Dis-
ease in Childhood, 90(8), 807-812.

Gardasevic, J. (2019). Standing Height and its Estimation Utilizing Tibia 
Length Measurements in Adolescents from Western Region in Kosovo. 
International Journal of Morphology, 37(1), 227-231.

Gardasevic, J., Masanovic, B., & Arifi, F. (2018). Relationship between tibia 
length measurements and standing height: A prospective regional 
study among adolescents in southern region of Kosovo. Sport Mont, 
16(3), 51-55. doi: 10.26773/smj.181009

Gardasevic, J., Rasidagic, F., Krivokapic, D., Corluka, M., & Bjelica, D. (2017). 
Stature and Its Estimation Utilizing Arm Span Measurements in Male 
Adolescents from Herzeg-Bosnia Entity in Bosnia and Herzegovina. 
Montenegrin Journal of Sports Science and Medicine, 6(1), 37-44.

Golshan, M., Crapo, R.O., Amra, B., Jensen, R.I., & Golshan, R. (2007). Arm span 
as an independent predictor of pulmonary function parameters: vali-
dation and reference values. Respirology, 12(3), 361-366.

Grasgruber, P., Popovic, S., Bokuvka, D., Davidovic, I., Hřebíckova, S., Ingrova, 
P., Potpara, P., Prce, S., & Stracarova, N. (2017). The mountains of giants: 
an anthropometric survey of male youths in Bosnia and Herzegovina. 
Royal Society Open Science, 4, 161054.

Grasgruber, P., Prce, S., Stracarova, N., Hrazdíra, E., Cacek, J., Popovic, S., Hre-
bíckova, S., Potpara, P., Davidovic, I., & Kalina, T. (2019). The coast of gi-
ants: an anthropometric survey of high schoolers on the Adriatic coast 
of Croatia. PeerJ, 7, e6598.

Gusic, M., Popovic, S., Molnar, S., Masanovic, B., & Radakovic, M. (2017). 
Sport-Specific Morphology Profile: Differences in Anthropometric 
Characteristics among Elite Soccer and Handball Players. Sport Mont, 
15(1), 3-6.

Hickson, M., & Frost, G.A. (2003). Comparison of three methods for estimat-
ing height in the acutely ill elderly population. Journal of Human Nutri-
tion and Dietitian, 16(1), 13-20.

Marfell-Jones, M., Olds, T., Stew, A.D., & Carter, J.E.L. (2006). International 
standards for anthropometric assessment. Potchesfstroom: International 
Society for the Advancement of Kinanthropometry.

Masanovic, B., Gardasevic, J., & Arifi, F. (2019). Relationship between foot 
length measurements and body height: a prospective regional study 
among adolescents in northern region of Kosovo. Anthropologie, 57(2), 
227-233. doi.org/10.26720/anthro.18.01.23.1

Masanovic, B. (2018). Standing height and its estimation utilizing arm spam 
and foot length measurements in dinaric alps population: a systematic 
review. Sport Mont, 16(2), 101-106. doi: 10.26773/smj.180619

Masanovic, B. (2019). Comparative Study of Morphological Characteristics 
and Body Composition between Different Team Players from Serbian 
Junior National League: Soccer, Handball, Basketball and Volleyball. In-
ternational Journal of Morphology, 37(2), 612-619.

Masanovic, B., Gardasevic, J., & Arifi, F. (2018). Relationship between Foot 
Length Measurements and Body Height: A Prospective Regional Study 
among Adolescents in Eastern Region of Kosovo. Sport Mont, 16(1), 
9-13.

Masanovic, B., Gardasevic, J., & Arifi, F. (2018a). Relationship between foot 
length measurements and standing height: a prospective regional study 
among adolescents in southern region of kosovo. Sport Mont, 16(2), 27-
31. doi: 10.26773/smj.180605

Masanovic, B., Bavcevic, T., & Prskalo, I. (2019). Regional differences in adult 
body height in Kosovo. Montenegrin Journal of Sports Science and Med-
icine, 8(1), 69-76.

Mohanty, S.P., Babu, S.S., & Nair, N.S. (2001). The use of arm span as a predictor 
of height. A study of South Indian women. Journal of Orthopedics Sur-
gery, 9(1), 19-23.

Norgan, N.G. (1994). Relative sitting height and the interpretation of the body 
mass index. Annals of Human Biology, 21(1), 179–182.

Ozaslan. A., Iscan, M.Y., Ozaslan, I., Tugcu, H., & Koc, S. (2003). Estimation of 
stature from body parts. Forensic Science International, 132(1), 40-45.

Ozden, H., Balci, Y., Demirüstü, C., Turgut, A., & Ertugrul, M. (2005). Stature and 
sex estimate using foot and shoe dimensions. Forensic Science Interna-
tional, 147(2-3), 181–184. 

Popovic, S. (2018). Arm-span measurement as an alternative estimation of 
true height in Montenegrin young adults of both sexes: A national sur-
vey. Anthropological Notebooks, 24(1), 53–67.

Popovic, S. (2017). Local Geographical Differences in Adult Body Height in Mon-
tenegro. Montenegrin Journal of Sports Science and Medicine, 6(1), 81-87.

Popovic, S. (2019). Nationwide Stature Estimation from Sitting Height Mea-
surements in Kosovan Adolescents. International Journal of Morphology, 
37(2), 504-508.

Popovic, S., Gardasevic, J., Masanovic, B., Arifi, F., & Bjelica, D. (2017). Standing 
Height and its Estimation Utilizing Foot Length Measurements in Ado-
lescents from Western Region in Kosovo. Sport Mont, 15(3), 3-7.

Popovic, S., Bjelica, D., Jaksic, D., & Hadzic, R. (2014). Comparative Study of 
Anthropometric Measurement and Body Composition between Elite 
Soccer and Volleyball Players. International Journal of Morphology, 32(1), 
267-274.

Quanjer, P.H., Capderou, A., Mazocioglu, M.M., Aggarwal, A., Popovic, S., Datta 
Banik, S., Tayie, F.A.K., Golshan, M., Ip, M.S.M., & Zelter, M. (2014). All-age 
relationship between arm span and height in different ethnic groups. 
European Respiratory Journal, 44(4), 905-912.

Saari, A., Sankilampi, U., Hannila, M.L., Kiviniemi, V., Kesseli, K., & Dunkel, L. 
(2011). New Finnish growth references for children and adolescents 
aged 0 to 20 years: Length/height-for-age, weight-for-length/height, 
and body mass index-for-age. Annals of Medicine, 43(3), 235-248.

Steele, M.F., & Chenier, T.C. (1900). Arm-span, height and age in black and 
white women. Annals of Human Biology, 17(6), 533-541.

Szollosi, E. (1998). Secular trend in Debrecen university students (in Hungeri-
an). Anthropologiai Kozlemények, 39, 43-51.

Ukwuma, M. (2009). A study of the cormic index in a southeastern Nigerian 
population. The Internet Journal of Biological Anthropology, 4(1), 1-6.

Wronka, I., & Pawlinska-Chmara, R. (2009). Childhood environment and adult 
height among Polish university students. Collegium Antropologicum, 
33(4), 1039-1045.

Yun, D.J., Yun, D.K., Chang, Y.Y., Lim, S.W., Lee, M.K., & Kim, S.Y. (1995). Correla-
tions among height, leg length and arm span in growing Korean chil-
dren. Annals of Human Biology, 22(5), 443–458.


