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Abstract  

 

The study’s purpose was to compare anthropometric method of measuring nutritional status with 

the height for age z-score (HAZ) by measuring biochemical content of urinary Pyridinium 

crosslinks (Pyd). The research design was a quasi-experimental pre and posttest, conducted at 

SMPN 1 Kampar (Junior High School), Riau Province. The research samples were students aged 

12-15 years as many as 76 respondents consisting of normal and stunted adolescents. Provision 

of nutritional intervention in the form of a midmorning snack with an energy content of 575.1 

kcal was conducted in January-March 2022. Pyd content was analyzed using MicroVue™ PYD 

EIA kit, USA, while the data were analyzed using Anova test. The HAZ’s students with normal 

status before and after intervention had the same value (0.65±0.70 and -0.67±0.69; p>0.05), as 

well as students with stunted status, namely HAZ values before and after nutrition intervention 

had the same value (-2.32±0.36 and -2.29±0.35; p>0.05); However, the HAZ’s adolescent with 

normal and stunted status was different (p<0.05). Therefore, it indicated that the provision of 

nutritional intervention did not improve the nutritional status of adolescents from stunted to 

normal. Besides, it was found that Pyd content was normal both before and after of nutrition 

intervention (140.41±70.35 and 122.28 ±72.72 nmol/mmol creatinine), which meant different 

from the stunted adolescents before the nutrition intervention (191.65±69.58 nmol/mmol 

creatinine); but Pyd content of stunted adolescents after nutritional intervention (158.47±58.84 

nmol/mmol creatinine) was same with Pyd content of normal adolescents (p<0.05). It signified 

that the provision of nutritional interventions can improve the nutritional status of stunted 

adolescents to normal. It can be concluded that the measurement of stunting nutritional status 

using Pyd is more sensitive than anthropometric of HAZ. The further research is needed on the 

cutoff point value of stunting nutritional status in adolescents with larger samples in an 

epidemiological research scale. 

 

Keywords: Urine Pyridinium crosslinks, Sensitivity, Anthropometry, Biomarker, Nutritional 

status 



Tujuan penelitian yaitu untuk membandingkan cara pengukuran status gizi secara antropometri 

nilai z-score TB/U dengan secara biokimia kandungan Pyridinium crosslinks (Pyd) urin. Disain 

penelitian yaitu quasi eksperimen pre dan post test. Penelitian dilakukan di SMP Negeri 1 

Kampar Propinsi Riau. Sampel penelitian yaitu remaja usia 12 – 15 tahun sebanyak 76 orang 

yang terdiri dari remaja normal dan stunting.  Pemberian intervensi gizi berupa midmorning 

snack dengan kandungan energi 575.1 kkal pada Januari-Maret 2022. Kandungan Pyd urin 

dianalisis menggunakan MicroVue™ PYD EIA kit, USA.  Data dianalsis menggunakan Anova. 

Nilai z-score TB/U responden dengan status gizi normal sebelum dan setelah intervensi gizi 

adalah sama (-0,65±0,70 dan -0,67±0.69; p>0.05), begitu juga dengan responden dengan status 

gizi stunting yaitu nilai z-score TB/U sebelum dan setelah intervensi gizi adalah sama (-

2.32±0.36 dan -2.29±0.35; p>0.05); namun nilai z-score TB/U responden dengan status gizi 

normal dan responden dengan status gizi stunting adalah berbeda (p<0.05). Artinya, pemberian 

intervensi gizi tidak meningkatkan status gizi responden dari stunting menjadi normal pada 

penilaian secara antropometri z-score TB/U. Di sisi lain dengan pengukuran secara biokimia 

diketahui bahwa kandungan Pyd urin responden normal baik sebelum intervensi maupun sesudah 

intervensi gizi (140.41±70.35 dan 122.28 ±72.72 nmol/mmol creatinine) adalah berbeda dengan 

responden stunting sebelum intervensi gizi (191.65±69.58 nmol/mmol creatinine); namun 

kandungan Pyd urin responden stunting setelah intervensi gizi (158.47±58.84 nmol/mmol 

creatinine) menjadi sama dengan kandungan Pyd urin responden dengan status gizi normal 

(p<0.05). Artinya, pemberian intervensi gizi dapat meningkatkan status gizi responden stunting 

menjadi normal pada penilaian status gizi menggunakan biomarker Pyd urin. Terlihat bahwa 

penilaian status gizi stunting dengan menggunakan kandungan Pyd urin lebih sensitif 

dibandingkan secara antropometri z-score TB/U. Perlu dilakukan penelitian lanjutan tentang nilai 

cut off point status gizi stunting melalui kandungan Pyd urin pada remaja dengan jumlah sampel 

yang lebih besar dalam skala penelitian epidemiologi. 
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Pyd mempunyai peranan menghubungkan molekul kolagen dengan fibril kolagen dan 

merupakan penguat mekanik tulang. Pyd dilepas ke dalam sirkulasi dan di ekskresi ke urin dalam 

bentuk bebas (±40%) dan terikat dengan peptida (±60%). Ekskresi Pyd di urin merupakan 

parameter yang baik untuk resepsi tulang. Metode mengukur Pyd crosslink antara lain adalah 

HPLC (High pressure liquid chromotography) dan ELISA. Pemeriksaan Pyd crosslink di urin 

spesifik untuk tulang dan digunakan sebagai petanda resorpsi tulang serta memperkirakan risiko 

terjadinya patah tulang (Widijanti, dkk. 2003) 
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ABSTRACT 

The study’s purpose was to compare anthropometric method of measuring nutritional status with the height for age z-

score (HAZ) by measuring biochemical content of urinary Pyridinium crosslinks (Pyd). The research design was a quasi-

experimental pre and posttest, conducted at SMPN 1 Kampar (Junior High School), Riau Province. The research samples 

were students aged 12-15 years as many as 76 respondents consisting of normal and stunted adolescents. Provision of 

nutritional intervention in the form of a midmorning snack with an energy content of 575.1 kcal was conducted in January-

March 2022. Pyd content was analyzed using MicroVue™ PYD EIA kit, USA, while the data were analyzed using Anova test. 

The HAZ’s students with normal status before and after intervention had the same value (0.65±0.70 and -0.67±0.69; 

p>0.05), as well as students with stunted status, namely HAZ values before and after nutrition intervention had the same 

value (-2.32±0.36 and -2.29±0.35; p>0.05); However, the HAZ’s adolescent with normal and stunted status was different 

(p<0.05). Therefore, it indicated that the provision of nutritional intervention did not improve the nutritional status of 

adolescents from stunted to normal. Besides, it was found that Pyd content was normal both before and after of nutrition 

intervention (140.41±70.35 and 122.28 ±72.72 nmol/mmol creatinine), which meant different from the stunted 

adolescents before the nutrition intervention (191.65±69.58 nmol/mmol creatinine); but Pyd content of stunted 

adolescents after nutritional intervention (158.47±58.84 nmol/mmol creatinine) was same with Pyd content of normal 

adolescents (p<0.05). It signified that the provision of nutritional interventions can improve the nutritional status of 

stunted adolescents to normal. It can be concluded that the measurement of stunting nutritional status using Pyd is more 

sensitive than anthropometric of HAZ. The further research is needed on the cutoff point value of stunting nutritional 

status in adolescents with larger samples in an epidemiological research scale. 
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Urinary Pyridinium Crosslinks as a Sensitive Biomarker of 1 

Linear Growth in Adolescents 2 

 3 
 4 

Summary  5 

Urinary pyridinium crosslinks (Pyd) is a sensitive biomarker of linear growth. This 6 

study evaluated the sensitivity of four linear growth indicators: height, body energy, 7 

bone mass, and Pyd urine. This study measured linear growth in stunted and normal 8 

adolescents before and after nutrition intervention. There was no difference in 9 

average results of nutrition interventions on linear growth among groups of 10 

adolescents using bone mass and body energy indicators. The change in 11 

adolescents’ height was not convincing through measuring efficacy of nutrition 12 

interventions. The Pyd urine of stunted adolescents before nutrition intervention was 13 

significantly different from Pyd urine of normal adolescents. 14 

 15 

Keywords  16 

Efficacy of nutritional intervention measurement, Height, Pyridinium crosslinks, 17 

Biomarker of stunting, Midmorning snack  18 
 19 

Introduction 20 

The rapidly usable and convincing indicators are needed to measure efficacy of 21 

nutrition interventions related to linear growth (1). The current linear growth indicator 22 

is height (2). This indicator takes a long time to produce results from nutrition 23 

interventions and the results are not convincing. The duration of providing nutrition 24 

interventions to malnourished children (4-15 yo) to increase linear growth is 18 25 

months to find out significant results (3). Other indicators are body energy, bone 26 

density, and Pyd urine. The two main cell types, responsible for bone renewal, are 27 

osteoblasts involved in bone formation and osteoclasts involved in bone resorption. 28 

The balance among those dictates net bone remodeling (4). Osteoclasts will absorb 29 

bone in about 3 weeks to form tunnels with length of several millimeters. After 3 30 

weeks, osteoblasts begin to form new bone which lasts for several months. 31 

Osteoclastic cells dissolve Pyd and release it into the urine (5).  32 
 

33 

Materials and Methods 34 
The research design was a quasi-experimental pre-post test. The samples were 78 35 

selected teenagers (12-15 yo) at SMPN 1 Kampar in Riau Province. There were four 36 

treatment groups: stunted respondents before and after nutrition intervention, normal 37 

respondents before and after nutrition intervention. The indicators of nutrition status 38 

were height, bone mass, body energy, and Pyd urine. As nutritional interventions, 39 

midmorning snack and milk were given in January to March 2022 (as additional 40 

energy; 30% recommended dietary allowance). Height gauges (microtoa) used 41 

STATURE METER 2M GEA. Bone mass and body energy were measured by using 42 

Sylim Model Scale No. BFS 712PH. Urines were collected with sterile urine 43 

container of OneMed 60ml. Adolescents' urines were collected by Prodia. Analysis of 44 

urine samples was carried out by Prodia Center in Jakarta. Measurements of Pyd 45 

were performed with the use of MicroVue™ PYD EIA kit, using a Spectrophotometer. 46 

Anova was applied for statistical analysis.  47 

 48 

Result and Discussion 49 



Measuring efficacy of nutrition interventions on linear growth of adolescents by using 50 

Pyd urine biomarker was more sensitive than anthropometric height, food intake 51 

energy of body, and radiological bone mass. There was no difference in average 52 

results of linear growth among groups of adolescents on body energy and bone 53 

mass (p> 0.01); Conversely, there was a difference in average results of linear 54 

growth among groups of adolescents on height and Pyd urine (p<0.01) (Table 1). 55 

The average changes in height of stunted and normal adolescents before and after 56 

nutrition intervention, respectively, were 0.95±0.64 and 0.82±0.83 cm. The change in 57 

height, less than 1 cm, was not convincing in measuring efficacy of nutrition 58 

interventions. The average changes in Pyd urine of stunted and normal adolescents 59 

before and after nutrition intervention, respectively, were 44.80±91.36 and 60 

12.34±76.10 nmol/mmol creatinine. The change in Pyd urine was more convincing 61 

than height in measuring efficacy of nutrition interventions. The average Pyd urine of 62 

stunted adolescents before nutrition intervention was different from normal after 63 

nutrition intervention (p<0.01). The Pyd urine of stunted adolescents before 64 

intervention was 182.84±71.70 nmol/mmol creatinine, while the Pyd of normal 65 

adolescents after nutrition intervention was 124.31±73.48 nmol/mmol creatinine. The 66 

average results on linear growth using Pyd urine indicator showed the provision of 67 

nutrition interventions can improve nutritional status of stunted adolescents to 68 

normal, and did not convert nutritional status of normal adolescents. The number of 69 

stunted adolescents before nutrition intervention was 29 adolescents and decreased 70 

after the nutrition intervention to 27. The use of Pyd urine biomarkers revealed the 71 

provision of nutrition interventions could improve nutritional status of Pyd from 72 

stunted to normal by 7.4% (n=27). Therefore, the Pyd urine is expected to be a 73 

marker of the efficacy of nutritional care in bone growth disorders associated with 74 

bone resorption in stunted adolescents. 75 

 76 

77 



Table 1. Indicators of Linear Growth in Measuring Efficacy Results 78 

of Nutrition Intervention 79 

 80 
Variable Treatment n Mean p 

HAZ    0,000 
 Stunting before nutrition intervention 29 -2,3±0,4a  
 Stunting after nutrition intervention 28 -2,3±0,3a  
 Normal before nutrition intervention 48 -0,6±0,7b  
 Normal after nutrition intervention 49 -0,7±0,7b  
 Total 154 -1,3±1.0  

Height (cm)    0,000 
 Stunting before nutrition intervention 29 146,5±4,8a  
 Stunting after nutrition intervention 28 147,4±4,8a  
 Normal before nutrition intervention 48 157,9±6,1b  
 Normal after nutrition intervention 49 158,6±6,0b  
 Total 153 154,1±7,8  

Bone mass (%)    0,807 
 Stunting before nutrition intervention 22 12,0±2,0a  
 Stunting after nutrition intervention 20 11,7±2,1a  
 Normal before nutrition intervention 43 12,0±2,1a  
 Normal after nutrition intervention 45 12,2±2,1a  
 Total 130 12,0±2,1a  

Energy of body (Kcal)    0,294 
 Stunting before nutrition intervention 22 1826±220a  
 Stunting after nutrition intervention 20 1828±239a  
 Normal before nutrition intervention 45 2056±296a  
 Normal after nutrition intervention 45 2073±310a  
 Total 132 1989±300  

Pyd (nmol/mmol creatinine)    0,006 
 Stunting before nutrition intervention 29 182,8±71,7a  
 Stunting after nutrition intervention 27 152,1±61,1ab      
 Normal before nutrition intervention 47 142,6±71,6ab  
 Normal after nutrition intervention 49 124,3±73,5b  
 Total 152 146,1±72,8  

NOTE: Mean ± SD; p < 0.01 for significance of ANOVA; ab p < 0.05 for significance of Duncan 81 
 82 

Conclusions  83 

The Pyd urine of stunted adolescents decreased after being given nutrition 84 

intervention and could indicate an improved nutritional status; while the normal 85 

adolescents’ Pyd urine also decreased and remained in normal nutritional status. 86 

This study revealed that Pyd can be used as a sensitive biomarker of linear growth in 87 

adolescents. 88 
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Osteoclastic cells dissolve Pyd and release it into the urine (5).  32 
 

33 

Materials and Methods 34 
The research design was a quasi-experimental pre-post test. The samples were 78 35 

selected teenagers (12-15 yo) at SMPN 1 Kampar in Riau Province. There were four 36 

treatment groups: stunted respondents before and after nutrition intervention, normal 37 

respondents before and after nutrition intervention. The indicators of nutrition status 38 

were height, bone mass, body energy, and Pyd urine. As nutritional interventions, 39 

midmorning snack and milk were given in January to March 2022 (as additional 40 

energy; 30% recommended dietary allowance). Height gauges (microtoa) used 41 

STATURE METER 2M GEA. Bone mass and body energy were measured by using 42 

Sylim Model Scale No. BFS 712PH. Urines were collected with sterile urine 43 

container of OneMed 60ml. Adolescents' urines were collected by Prodia. Analysis of 44 

urine samples was carried out by Prodia Center in Jakarta. Measurements of Pyd 45 

were performed with the use of MicroVue™ PYD EIA kit, using a Spectrophotometer. 46 

Anova was applied for statistical analysis.  47 
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Measuring efficacy of nutrition interventions on linear growth of adolescents by using 50 

Pyd urine biomarker was more sensitive than anthropometric height, food intake 51 

energy of body, and radiological bone mass. There was no difference in average 52 

results of linear growth among groups of adolescents on body energy and bone 53 

mass (p> 0.01); Conversely, there was a difference in average results of linear 54 

growth among groups of adolescents on height and Pyd urine (p<0.01) (Table 1). 55 

The average changes in height of stunted and normal adolescents before and after 56 

nutrition intervention, respectively, were 0.95±0.64 and 0.82±0.83 cm. The change in 57 

height, less than 1 cm, was not convincing in measuring efficacy of nutrition 58 

interventions. The average changes in Pyd urine of stunted and normal adolescents 59 

before and after nutrition intervention, respectively, were 44.80±91.36 and 60 

12.34±76.10 nmol/mmol creatinine. The change in Pyd urine was more convincing 61 

than height in measuring efficacy of nutrition interventions. The average Pyd urine of 62 

stunted adolescents before nutrition intervention was different from normal after 63 

nutrition intervention (p<0.01). The Pyd urine of stunted adolescents before 64 

intervention was 182.84±71.70 nmol/mmol creatinine, while the Pyd of normal 65 

adolescents after nutrition intervention was 124.31±73.48 nmol/mmol creatinine. The 66 

average results on linear growth using Pyd urine indicator showed the provision of 67 

nutrition interventions can improve nutritional status of stunted adolescents to 68 

normal, and did not convert nutritional status of normal adolescents. The number of 69 

stunted adolescents before nutrition intervention was 29 adolescents and decreased 70 

after the nutrition intervention to 27. The use of Pyd urine biomarkers revealed the 71 

provision of nutrition interventions could improve nutritional status of Pyd from 72 

stunted to normal by 7.4% (n=27). Therefore, the Pyd urine is expected to be a 73 

marker of the efficacy of nutritional care in bone growth disorders associated with 74 

bone resorption in stunted adolescents. 75 
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Table 1. Indicators of Linear Growth in Measuring Efficacy Results 78 

of Nutrition Intervention 79 

 80 
Variable Treatment n Mean p 

HAZ    0,000 
 Stunting before nutrition intervention 29 -2,3±0,4a  
 Stunting after nutrition intervention 28 -2,3±0,3a  
 Normal before nutrition intervention 48 -0,6±0,7b  
 Normal after nutrition intervention 49 -0,7±0,7b  
 Total 154 -1,3±1.0  

Height (cm)    0,000 
 Stunting before nutrition intervention 29 146,5±4,8a  
 Stunting after nutrition intervention 28 147,4±4,8a  
 Normal before nutrition intervention 48 157,9±6,1b  
 Normal after nutrition intervention 49 158,6±6,0b  
 Total 153 154,1±7,8  

Bone mass (%)    0,807 
 Stunting before nutrition intervention 22 12,0±2,0a  
 Stunting after nutrition intervention 20 11,7±2,1a  
 Normal before nutrition intervention 43 12,0±2,1a  
 Normal after nutrition intervention 45 12,2±2,1a  
 Total 130 12,0±2,1a  

Energy of body (Kcal)    0,294 
 Stunting before nutrition intervention 22 1826±220a  
 Stunting after nutrition intervention 20 1828±239a  
 Normal before nutrition intervention 45 2056±296a  
 Normal after nutrition intervention 45 2073±310a  
 Total 132 1989±300  

Pyd (nmol/mmol creatinine)    0,006 
 Stunting before nutrition intervention 29 182,8±71,7a  
 Stunting after nutrition intervention 27 152,1±61,1ab      
 Normal before nutrition intervention 47 142,6±71,6ab  
 Normal after nutrition intervention 49 124,3±73,5b  
 Total 152 146,1±72,8  

NOTE: Mean ± SD; p < 0.01 for significance of ANOVA; ab p < 0.05 for significance of Duncan 81 
 82 

Conclusions  83 

The Pyd urine of stunted adolescents decreased after being given nutrition 84 

intervention and could indicate an improved nutritional status; while the normal 85 

adolescents’ Pyd urine also decreased and remained in normal nutritional status. 86 

This study revealed that Pyd can be used as a sensitive biomarker of linear growth in 87 

adolescents. 88 
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