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 Poor health status, unhealthy behavior, nutritional status, and lifestyle 

can cause disproportionate growth, and body proportions can be seen 

from the sitting height ratio. This study aimed to evaluate the changes of 

sitting height ratio of Yogyakarta boys and girls aged 7-15 years. A cross 

sectional data was performed on 492 Javanese children consisting of 237 

boys and 255 girls, aged 6-12 years. The body height and sitting height 

of each subject was measured in order to calculate the ratio between 

sitting height and height. Anthropometric measurements were measured 

to all subjects based on the International Standard for Anthropometric 

Assessment procedures. Data were analyzed using ANOVA, Chi-Square 

tests, and simple linear regression analysis with a significance of p<0.05. 

There were significant differences between the average sitting height and 

sitting height ratio between boys and girls. Average height and sitting 

height of boys was 140.18 cm and 71.93 cm, while girls were 142.58 cm 

and 74.25 cm, respectively. There was a positive correlation (p<0.05) 

between sitting height, height, and sitting height ratio with age in both 

sexes. Among children the older the age, the greater the sitting height 

ratio. Sitting height ratio can be used to assist in the diagnosis and 

follow-up of children with growth problems. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Indonesians are characterized by their distinctive height as compared to people from other countries. The 

data from the 2018 Basic Health Research determined that toddlers who fall into the short and very short 

categories were 30.8%, which was lower than that in 2013 with 37.2% [1]. Body proportions can be seen 

from the sitting height ratio, in addition to sitting height ratio, other measurements that can be used to assess 

body proportions are arm span-height difference, head circumference to height, and sitting height to leg 

length [2- 4]. According to [5] some factors that can affect body proportions are race and environmental 
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factors. The influence of race on body proportions can be seen in Mongoloids who have shorter lower limbs 

than Caucasoids, while lower legs of Caucasoids are shorter than Negroids [6]. Research by [7] indicated 

that body proportion can be used as a biomarker to see the impact of environmental factors that affect body 

proportions. Some factors known to result in poor growth are high infection rate, nutritional deficiency, and 

inadequate health services. These factors can lead to the disturbance of the growth of the lower limbs. [8] 

also revealed the same result that the higher the socioeconomic class, the longer the lower limbs. 

 

The length of the lower limbs reaches peak growth faster than the trunk [5]. The growth pattern of the trunk 

is dominant in the childhood phase, while in early adolescence the growth of the extremities becomes more 

dominant [9]. Differences in the growth pattern of body proportions also depend on gender, since boys and 

girls are known to have different body patterns. According to [5], there are differences in the growth rate of 

the body segments. Sexual dimorphism has appeared at the age of 3 years. At that age, girls have reached 

57.3% of the final leg length and 66.1% of the final sitting height. There are only a few studies to address 

the sitting height ratio in Indonesia. Research by [3] demonstrated that the average sitting height ratio in 

Indonesian children is lower than that of children in the Netherlands, Turkey, China, and Spain. This study 

examined the sitting height ratio between boys and girls during the growth period. Yogyakarta children 

were chosen in this study because there was no previous reference on the sitting height ratio for children in 

Yogyakarta. In addition, this city is known to have heterogeneous population with an equal number of rural 

and urban populations. It was also revealed by [10] that the prevalence of very short children in Yogyakarta 

amounted to 10.2% and the prevalence of short children of 12.3% was classified as high. A study of sitting 

height ratio is an important way to know the proportions of the children's bodies. It is expected that the 

results of this study can provide parents in Indonesia with educational information to improve their 

awareness of their children's growth based on the existing risk factors in order to boost future child growth 

through the provision of better nourishment. 

 

2. Materials and Methods 

This descriptive analytic research was conducted with a cross sectional design on 352 Javanese children 

aged 7-15 years and living in Yogyakarta, Indonesia on July – August 2019. A questionnaire was 

distributed to each child a day before the data collection, which included detailed data on the child's 

background, such as date of birth, education level, and parental occupation. The children in this study had 

similar living conditions, since most of their parents work as farmers. Before collecting the research data, 

the subject's parents signed an informed consent. This research was approved by the Medical and Health 

Research Ethics Committee of the Faculty of Medicine, Public Health and Nursing, Universitas Gadjah 

Mada Yogyakarta Indonesia, No. KE/FK/0686/EC/2019. 

 

All research subjects underwent anthropometric measurements to measure their height and sitting height. 

The subjects’ height was measured using the stretch stature method and an anthropometer. Subjects stood 

with their feet and heels together, with their buttocks and upper back touching the scale. Measurements 

were made from the vertex to the plantar with an accuracy of 0.1 cm. The measurement of sitting height 

used the stretch stature method by asking the subject to sit in the anthropometric box upright to be measured 

using an anthropometer from the vertex to the bottom of the seat with an accuracy of 0.1 cm. All 

anthropometric measurement procedures were done according to the International Standards for 

Anthropometric Assessment by [11] To ensure the internal validity of anthropometric measurements, 

anthropometric measurements were done by two trained anthropometrists, using calibrated anthropometric 

set (GPM, Swiss) to the nearest 0.1 cm. 

 

Dependent variables of the study were the height and sitting height. Height was categorized based on age (Z 
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score) refers to the World Health Organization (WHO) standards (12) according to gender and age, i.e., 

normal height (≥-2 SD) and stunting (<-2 SD). While the independent variable was the ratio of sitting 

height calculated using the Vallois formula (13) with two decimal places: sitting height ratio = (sitting 

height in cm/height in cm) x 100. Independent-samples t-test was used to assess the differences in sitting 

height, height, and sitting height ratio between boys and girls. ANOVA test was used to assess the 

differences in the differences in sitting height, height, and sitting height ratio according to the age group of 

7-15 years. Chi-square test was used to see the prevalence of height according to the Z-score category and 

proportional growth according to sex. Simple Linear Regression was used to elaborate the patterns of 

changes in the sitting height, height, and sitting height ratio with age. A p value of <0.05 was considered 

significant. 

 

3. Results 

The prevalence of subjects according to the Z-score is presented in Table 1 and it showed that most of 

Yogyakarta's children have normal growth categories, while the percentage of stunting girls (2.6%) is lower 

than boys (4.8%). Table 2 illustrates the mean and standard deviation (SD) of the height, sitting height and 

sitting height ratio, for all subjects based on age. At the age of 12 years, the average height of girls was 

greater than that of boys (p<0.01), while starting at the age of 13, girls had a lower average height than that 

of boys. Table 2 shows increased in the sitting height from the age of 7 to 15 years in both boys and girls 

(p<0.01). It can also be seen that at the age of 11 and 12 years, the average sitting height of girls was greater 

than that of boys (p<0.01). The measurement of sitting height ratio showed that in boys there was an 

increase in the sitting height ratio from the age of 7-10 years. Girls experienced an increase and decrease in 

the sitting height ratio at the age of 7-8 years. Furthermore, there was a fluctuating increase and decrease 

until the age of 15 years. In the age group of 9-11 years, there was an increase in the sitting height ratio. 

After the age of 11 years, the sitting height ratio increased and decreased until the age of 15 years. 

 

Table 3 showed linier regression analyses of height, sitting height and the sitting height ratio with age in 

Yogyakarta children. Overall, it showed that there was a positive correlation between these variables and 

age in both boys and girls, with r ranged between 0.167 and 0.909. The prevalence of proportional growth is 

depicted in Table 4. It can be stated that the percentage of boys who have a disproportionate growth 

category is almost four times higher than that of girls (6.6% vs. 1.6%). 

 

Table 1: Prevalence of Yogyakarta children based on Z-score (height/age) 

*Category (Z-score) 
Frequency (%) 

Boys Girls 

Short 17 (10.1) 9 (4.9) 

Normal 151 (89.9) 175 (95.1) 

Total 168 (100) 184 (100) 

*Category (Z-score) according to WHO (12) 

 

Table 2: The mean and standard deviation (SD) of the height, sitting height, and sitting height ratio of 

Yogyakarta children based on age and sex 

Sexes N 
Age 

(year) 

Height (cm) Sitting height (cm) 
Sitting height ratio 

(%) 

Mean SD Mean SD Mean SD 

Boys 

14 7 118.41 4.02 61.46 2.03 51.92 1.63 

19 8 120.93 5.89 62.74 0.86 51.89 2.02 

18 9 127.70 5.21 64.95 3.64 50.86 2.01 
23 10 131.57 6.39 68.55 4.61 52.08 1.90  
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17 11 139.62 7.65 71.20 *2.58 51.06 1.54 

17 12 143.83 *2.59 73.66 *1.49 51.20 1.54 

23 13 154.16 *7.30 79.13 4.38 51.33 **1.50 
25 14 157.92 **6.86 80.57 3.66 51.03 **1.29 

12 15 163.09 **4.56 82.40 3.60 50.52 **1.35 

         

Girls 

10 7 119.68 6.08 61.69 3.51 51.55 1.63 

20 8 121.19 6.15 63.15 0.71 52.12 0.97 

18 9 128.19 6.78 65.63 3.60 51.20 1.22 
16 10 135.53 7.97 70.57 4.66 52.07 1.59 

9 11 139.56 5.39 73.16 2.99 52.43 1.25 

21 12 150.22 1.50 77.92 1.01 51.85 1.50 

40 13 150.57 5.28 78.85 3.70 52.35 1.20 
33 14 153.33 4.58 79.54 3.68 51.89 2.13 

17 15 155.53 5.17 82.22 3.60 52.88 0.93 

         

*p<0.05; **p<0.01; ANOVA test to analyze the differences in sitting height, height, and sitting height ratio. 

Based on sexes and age groups. The data are partly taken from [14]. 

 

Table 3: Regression of height, sitting height, and sitting height ratio with age in Yogyakarta children 

Sex Linear equation r r2 SEE P 

Boys Height=72.949+6.052*age 0.909 0.826 6.841 <0.001 

 SH=39.212+2.945*age 0.878 0.770 3.956 <0.001 
 Ratio=52.631-0.115*age 0.167 0.028 1.676 <0.031 

      

Girls Height=83.208+5.101*age 0.892 0.796 6.309 <0.001 
 SH=41.671+2.799*age 0.875 0.765 3.794 <0.001 

 Ratio=50.859+0.103*age 0.168 0.028 1.481 <0.023 

Age (years); height (cm); SH = sitting height (cm); ratio= sitting height ratio (%); r, r2: Simple Linear 

Regression 

 

Table 4: Prevalence of the sitting height ratio by sex in Yogyakarta children 

Category 
Frequency (%) * 

Boys Girls 

Proportional growth 157 (93.4) 181 (98.4) 

Disproportionate growth 11 (6.6) 3 (1.6) 
Total 168 (100) 184 (100) 

*Chi square test to analyze the prevalence of sitting height ratio based on sex 

 

4. Discussion 

There were changes of patterns in height, sitting height, and sitting height ratio from 7-15 years, and 

significant differences in each age group. Children are categorized as stunted based on the Z-score value of 

<-2 or included in the short and very short categories [12]. Therefore, the total percentage of research 

subjects experiencing stunting based on Table 1 is 7.4%. In Indonesia in 2013, the prevalence of short 

children (5-12 years) was 30.7% (12.3% very short and 18.4% short). In general, the prevalence of stunting 

in adolescence (aged 13-15 years) was 35.1% (13.8% very short and 21.3% short) [15]. The study of [16] 

showed that nutrition in childhood has a positive and significant correlation to children's cognitive 

development. In this study, the percentage of children who experienced stunting was smaller than that of 

children who did not experience stunting. Stunting also has a long-term effect on health, since stunted girls 

in adulthood can increase mortality and morbidity rate during childbirth [17]. As compared with the average 
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height of children throughout Indonesia for ages 0-18 years [18], the average height of children in the study 

was greater in all age groups. Differences in average height in each region of Indonesia is attributed to 

several factors including genetic and environmental factors [7]. Some determinant environmental factors are 

nutrition, disease, conditions in the mother’s womb, physical activity, and socioeconomic status. The 

average height in Indonesia is lower in each age group as compared to that revealed by a study conducted in 

Turkey at the age of 6-17 years old [8] and with children aged 6-13 years in Polokwane [19]. This growth 

pattern is probably due to the factor of race which can affect height growth [20]. 

 

In Table 2 at the age of 7-12 years old, girls tend to be taller than boys except at the age of 11. However, in 

the 12-year age group, there were significant differences between the average height of boys and girls. This 

proves that girls experience a faster growth rate than boys [19]. The faster growth of girls occurs because of 

puberty which is marked by menarche. The onset of puberty according to [21] is around 11 years for girls 

and 13 years for boys. One of the signs of puberty for both sexes is a growth spurt. The longer duration of 

prepubertal growth and the large peak velocity mean make the difference in height between boys and girls 

can reach up to 13 cm. This is in accordance with Table 2, which indicates that at the age of 13, boys are 

taller and show a significantly different growth pattern from girls. Other studies have revealed that children 

and adolescents who have a large (≥75th) or small (<25th) sitting height ratio are associated with 

overweight and obesity. The prevalence of overweight and obesity are greater in children and adolescents 

who have a large sitting-to-height [22]. The previous studies [3] on the measurements of sitting height in 

Indonesia from the age of 12-15 years revealed the average sitting heights of boys are almost the same with 

our findings, however in girls was greater. 

 

Moreover, the average sitting height of boys in the study at Polokwane (19) was greater than the height of 

boys Yogyakarta except in the age group of 13 years. Meanwhile, for girls, the average sitting height of the 

study was greater in all age groups. Research in the Netherlands [2] and Taiwan [23] also gave greater 

results than those of Yogyakarta children in all age groups and sexes. This fact highlights that race is not a 

single factor to affect sitting height, but there are also environmental and genetic factors [20]. The growth 

pattern of the trunk is dominant in the childhood phase [9]. Therefore, poor environmental factors in the 

childhood phase can cause the short sitting height. Table 2 also depicts that the sitting height of girls at the 

age of 7-12 years tends to be greater than that of boys. Research by [8] also showed a similar situation 

where the sitting height of girls aged 10-13 years old was greater than that of boys. However, after the age 

of 13, boys tend to have a greater sitting height. This is due to the effect of puberty on growth where girls 

experience puberty at a younger age than boys. 

 

Table 3 showed that the results of the linear regression test of height according to age were positive and 

strong, this finding indicated that age affects the height of children. The results of the regression test also 

revealed that every year there is a different height increase between boys and girls, where girls have a 

greater increase than boys. This pattern happens because girls experience a faster peak growth rate than 

boys [19], [21], [24]. Therefore, in this study many girls have experienced peak growth so that the increase 

in height is higher than boys at the age of 11-12 years. In addition to peak growth, closure of the epiphyseal 

plate also occurs 1.5 years earlier in girls than boys [24]. According to [25] closure of the epiphyseal plate 

in the humerus in girls occurs at the age of 14-19 years, and 16-21 years in boys. This difference causes 

girls to reach their final height faster than boys. On this basis, Table 2 clearly depicts that the growth of 

girls was initially greater than that of boys, while after the age of 12 the growth occurred in reverse order. 

 

The results of the linear regression test of sitting height by age were positive and strong (Table 3). This is in 

accordance with the study of [7] who held that trunk growth was significant at puberty until it reached adult 
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height and the growth of the extremities becomes slower at a young age than the trunk. Therefore, the 

extremities tend to reach their adult size earlier than the trunk. Thus, during adolescence, the growth of the 

extremities gradually slows down and the trunk contributes significantly to height. This is different if 

according to [9] where the growth of the trunk occurs predominantly in childhood. The results of the 

regression test also show that every year the height of girls is greater than that of boys. According to [6] 

sitting height in girls continues to increase until the age of 15, while in boys it occurs at the age of 16 years 

old. Differences between boys and girls occur because of sexual dimorphism that has appeared at the age of 

3 years old. This difference causes girls to reach a high percentage of late sitting more quickly than boys of 

the same age. Therefore, in this study, the group of girls may have reached the peak of maximum sitting 

height earlier than boys. This pattern causes the sitting height of girls over the age of 7-14 years to be 

greater than that of boys. 

 

The previous study on the sitting height ratio in Indonesia for ages 12-18 years was 51.1% for boys and 

51.0% for girls3. In the boys, the results were similar, but in the girls, the results were slightly different. The 

sitting height ratio for ages 8-18 years ranged from 51% to 55% for boys and girls. A research conducted in 

the Netherlands [2] delineated that the sitting height ratio in children aged 7-15 years old ranged from 51%-

53% for boys and 52%-53% for girls. These results are greater than the results of this study. A study in 

Polokwane [19] on children aged 6-13 years pinpointed that the average sitting height-to-height ratio for 

boys was 51.7% and 51.8% for girls. According to [6], body proportion is influenced by race with the order 

of the sitting height ratio from the largest being Mongoloid, Caucasoid, and Negroid because of the length 

of the legs. This pattern can be seen from the results of research in the Netherlands, Polokwane, and China 

[2], [19], [22]. However, in this study, the sitting height ratio was smaller than the results revealed by the 

study in China [22] for the Mongoloid race. This finding could be due to the fact that the sitting height of 

the children studied was smaller than that of the children in the study. The results of this study are similar to 

those in Polokwane [19] for the Negroid race. This finding could be due to the longer leg length of the 

Negroid race, which thus results in the same ratio. In addition to race, environmental factors also affect 

body proportions. Environmental factors consist of a high infection rate, nutritional deficiencies, and poor 

health services [7], and truncus growth occurs during childhood [10]. Therefore, poor environmental factors 

occurring in childhood can disturb the trunk growth which results in the shorter sitting height. 

 

The difference in the sitting height ratio based on age did not provide a significant result in this study. This 

finding can be caused by changes in the pattern of the sitting height ratio. According to [6] the ratio of 

sitting height to height decreases from birth to puberty, then increases until adulthood. The same finding 

was also expressed by [8] that the mid-pubertal growth of the trunk exceeded the growth of the extremities. 

The average sitting height ratio in this study (Table 2) fluctuated. In girls, the average ratio increased from 

the age of 9-11 years, while for boys there was an increase in the ratio from the age of 11-13 years old and a 

decrease in the age of 15 years old. The increase and decrease in boys in this study was similar to the results 

of [3], which highlighted an increase in mid-puberty, namely at the age of 12.5-14 years, but in late puberty, 

at the age of 14, the ratio tended to be stable and decreased. This pattern differs from the study of [22] 

where the ratio decreased from age 7 to 11 for girls and 13 for boys and then increased slightly until the age 

of 18. A decrease in the ratio at puberty (11 years old) also occurred in the Turkish study, after which it 

stabilized and increased slightly at the age of 14.5 years old [8]. 

 

Other studies also show that there is a change in the sitting height ratio according to age group and gender 

[3, 4, 8, 22-23]. However, in this study there were differences in trends between boys and girls. In boys, the 

trend of the change in the sitting height ratio tends to decrease with age, while in girls the trend tends to 

increase. The pattern of changes in the ratio in boys is similar to other studies [3], [9] where at puberty, 
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trunk growth exceeds extremity growth so that the sitting height ratio decreases. Meanwhile, the pattern of 

changes in the female ratio is similar to the study of [6] where there is an increase in the ratio from puberty 

to adulthood. Differences in ratio patterns can result from racial and environmental factors, such as 

nutrition, disease, conditions in the mother's womb, and socioeconomic status. A greater sitting height ratio 

in girls was also found in the study of [22] at the age of 7-18 years old and [23] at the age of 7-15 years old. 

The above results are in accordance with the trend of changes in sitting height ratio according to the age 

group and gender of this study. The trend of changes in sitting height ratio in girls is greater than that in 

boys so that the sitting height ratio for boys tends to be smaller than for girls. In this study, the prevalence 

of disproportionate growth was 4% with predominance in the boys according to Table 4. In Indonesia, the 

prevalence of disproportionate growth is unclear, and disproportionate body proportions can increase the 

risk of cardiovascular disease and disorders glucose metabolism [3]. 

 

5. Conclusion 

This study concludes that there is a difference in the sitting height ratio, there is a changing pattern in height 

and sitting height, and there is a difference in sitting height (11-12 years old) and height (12-15 years old) 

between boys and girls in Yogyakarta. The results of this study are essential in relation to public health, 

especially for early detection of body proportion abnormalities that occur in children's growth and 

development. 

 

The limitation of this study is the environmental factors such as socioeconomic status, disease, dietary 

pattern, and physical activity were not investigated in this study, whereas poor socioeconomic conditions, 

disease, poor diet, dietary restriction, and lack of physical activity can inhibit growth. Thus, it is necessary 

to develop further research by including the above-mentioned factors. It is also essential to study posture 

abnormalities. The influence of posture also has more impact on sitting height. Measurement of body 

surface area also needs to be included in the research variable as a way to see performance and work 

capacity. 
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