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CHAPTERR 2 

ABSTRACT T 

Background::  Adolescence is a period of growth and maturation. However, the gold standard 

forr maturity rating by physical examination is not culturally accepted in many settings. 

Objective::  To assess the validity of an interview method of maturity rating for use in field 

settingss in developing countries by comparing maturity status with expected patterns of 

growth. . 

Methods::  School-attending adolescents (2705 boys and 2461 girls, age 12-16) were surveyed 

twice.. Interviews included age and having started menstruation (girls) or nocturnal 

ejaculationss (boys). Height and weight were measured. Attained height, weight and BMI as 

welll  as their increments were calculated per maturity category by age and compared with 

referencee populations. 

Results::  Median age of puberty was 12.7 y in boys, and 12.0 y in girls, which is somewhat 

earlierr than in the reference population. Median height and BMI of girls and boys was lower 

thann 15th percentile of the NCHS reference population. However, attained height and growth 

velocityy of pubertal and pre-pubertal subjects differed as expected and the pattern was similar 

too that of healthy well-nourished populations. The peak of the boys' growth spurt occurred 

betweenn ages 12 - 13 y. Among girls this appears to have happened before the age of 12y. 

Pubertall  subjects were taller and had a higher BMI than pre-pubertal subjects (p<0.001). 

Conclusions::  Age at menarche or at first nocturnal ejaculation was a simple, culturally 

acceptablee and appropriate milestone for maturity rating in field settings in Indonesia and 

likelyy in other developing countries. 
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INTRODUCTIO N N 

Nutritionall  requirements are determined by maintenance metabolism, growth, physical 

activityy and physiological needs related to pregnancy and lactation. Both the second postnatal 

peakk in growth velocity and maturation increase the requirements of adolescents 

exponentiallyy compared to the period of 5-10 years of age (1). Nutrition surveys involving 

thiss group should therefore take maturity status into account. 

Adolescencee is accompanied by the appearance of secondary sexual characteristics, 

menarchee and spermarche. The gold standard for somatic maturity rating is an assessment of 

breastt development in girls and genital development in boys (2,3). However, in developing 

countriess culture seldom permits physical examination of adolescents without clothes, and it 

iss almost impossible to measure breast, testicles and penis size in field settings, such as in 

Indonesia.. Thus, in trials with iron-folate and vitamin A supplementation in adolescents 

reportedd elsewhere (4-7) puberty rating was based on menarche and having had at least one 

nocturnall  ejaculation as a proxy for spermarche. 

Adolescentt growth follows rather systematic sequences. In healthy and well-nourished 

childrenn peak height velocity (PHV) in girls precedes menarche by about 1 year (PHV 11.7 

years,, menarche 12.8 years (8)). Boys mature later, and experience their PHV about 2 years 

laterr than girls (PHV 13.5 years (8)). Consequently, at the same chronological age attained 

weightt and height in adolescents who have already matured (Early Maturing, EM) will be 

higherr than among adolescents who have not yet matured (Late Maturing, LM). Once they 

havee matured, adult height is almost reached and the adolescents will mainly gain weight. 

Hence,, at similar age BMI in EM adolescents will be higher than in LM adolescents (9-11). 

Inn this paper the agreement between puberty rating based on weight, height and BMI, 

andd by the aforementioned interview method is assessed. 

METHOD S S 

Subjects Subjects 

Thee data presented in this paper were collected during two surveys, the first between 

Novemberr 1996 and January 1997, and the second between March - May 1997. The surveys 

weree conducted as part of an intervention study in 24 randomly selected Junior High Schools 

inn urban (Surabaya) and rural (Bangkalan and Sampang districts on Madura island) East Java, 

Indonesiaa (4,5). 

Pupils,, 12 through 15 years of age at the time of the first survey, in the selected 
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schoolss were of middle and low socio-economic class, of Javanese or Madurese ethnicity, and 

Muslim,, except for one urban school, where most pupils were Chinese and Christian. Parents 

off  adolescents participating in these surveys gave written consent for the intervention study, 

includingg associated data collection. 

Thee study was conducted in collaboration with the Indonesian Ministries of Health 

andd Education and was approved by the Medical Ethical Committee of the Ministry of Health, 

Indonesia. . 

Fieldworkers Fieldworkers 

Dataa were collected by fifteen trained fieldworkers, who were graduates from either 

ann Indonesian Dietetics School or a Nursing School. Three medical doctors supervised the 

dataa collection and re-measured weight and height in a subsample for quality control. 

Questionnaire Questionnaire 

Agee was calculated from subjects' reports of their date of birth, which were checked 

againstt the school records. As the same subjects were interviewed more than once, data could 

bee compared. Subjects were excluded if no agreement could be found between the school 

recordd of date of birth and all interview data. If at least two records agreed, this was accepted 

ass the actual date of birth. Small differences in date (but not in month) were accepted. 

Pubertall  status was assessed by the status quo method (12): each girl was asked 

whetherr she already menstruated and each boy whether he had experienced any nocturnal 

ejaculations.. The term 'early maturers' (EM) is used in this paper for those subjects who, 

accordingg to these criteria, had reached puberty before the start of the studies. Those who, at 

thee same age, had not reached puberty are referred to as 'late maturers' (LM). 

Anthropometry Anthropometry 

Anthropometricc measurements consisted of height (using a microtoise, recorded to the 

nextt 0.1 cm) and weight with light clothing (school uniforms) and without shoes (using 

Soehnlee digital weighing scales, recorded to the nearest 0.1 kg). 

ReferenceReference data 

NCHSS reference data on height and weight for age (13) were used, and the WHO 

referencee for BMI-for-age (8), To our knowledge, there is no single reference source for all 

measurementss of adolescents. 

Incrementss were calculated from these references by subtracting attained height at one 

agee (e.g., 12 years) from the subsequent age (e.g., 13 years). These data were used to compare 

withh the respective data of the study population at the same age (i.e., 12 years). 
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StatisticalStatistical methods 

Reliabilityy of responses was checked against the consistency between the two surveys. 

Subjectss who reported having started mensturation or nocturnal ejaculations in the first survey 

andd not in the second survey, where excluded from data analysis. The proportion of these 

casess was relatively small and higher among boys than among girls (7.4% and 1.1%, 

respectively).. This may have been caused by unfamiliarity of both field workers and subjects 

withh the indicator used. This is confirmed by the fact that the percentage of unreliable data 

decreasedd in subsequent surveys (data not shown). 

Valuess are expressed as median [25th percentile; 75th percentile], D or as 

percentages.. Age categories were determined as follows: all subjects aged 12.0-12.9 years 

weree categorized as 'age 12', and similarly for the other ages. To have an impression of 

weight,, height and BMI patterns of adolescent boys and girls, as an initial step cross-sectional 

dataa were compared with the NCHS/WHO reference (13) and, for boys, also with data from 

affluentt Indian adolescents (14). Subsequently differences in attained weight, height and BMI 

betweenn maturity groups were compared. Finally, annual increments in weight, height and 

BMII  were calculated and compared between maturity groups. Kruskal Willi s followed by 

Mann-Whitneyy U tests were used to determine differences between different groups as the 

dataa were not normally distributed (15). The computer program SPSS (SPSS 7.5 for 

Windows,, SPSS Inc., Chicago, Illinois) was used for all statistical analyses and a p-value 

<0.055 was considered statistically significant. 

RESULTS S 

Thee first survey covered 2705 boys and 2461 girls, of whom 2249 boys and 1983 girls 

weree also involved in the second survey. For the cross-sectional analyses, all boys and girls in 

thee first survey were included, and for the longitudinal analyses, all boys and girls with 

completee data from the first and the second survey (n=2224 boys and 1959 girls). 

Boyss and girls had the same median age of 14.2 years, and the same interquartile 

rangee of 13.5-14.9 years at baseline, but more girls had attained puberty according to the 

interview,, e.g., 83% versus 71% for boys (p<0.001). The age at which 50% had reached 

pubertyy fell between 12 years 6 months and 12 years 9 months in girls, and between 13 years 

00 months and 13 years 3 months in boys. Socio-economic status was lower among rural than 

amongg urban subjects of both sexes: more rural than urban parents had never had formal 

educationn (p<0.001), rural subjects consumed fewer eggs than urban subjects (p<0.001) and 

obtainedd a smaller percentage from their total vitamin A intake from animal and fortified 

sourcess (p<0.001). 
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Attainedd height for age (HFA) was compared by urban/rural location and with the 

NCHSS reference and data of affluent Indian boys (14) (figures la and lb, respectively). Both 

urbann girls and boys were taller compared to their rural peers at the same age. At no age did 

thee median HFA of urban or rural girls reach even the 15th percentile of the NCHS (no 5' 

percentilee was available for this age group), and the deviation was larger among older girls. 

Thee same pattern was found among boys. Of all girls, 95.1% had not attained the 15' 

percentilee of the NCHS for their age, while for boys, this was 70.9% (p<0.001). The 

Indonesiann girls were 9.8-14.2 cm shorter than the median of the NCHS reference at the same 

age,, while the Indonesian boys were 9.4-16.5 cm shorter than their American peers at the 

samee age, and also slightly shorter than affluent Indian boys (1.1-5.7 cm), except for 12-year-

oldd urban boys. 

Figuress 2a and 2b show attained BMI for age, for urban and rural girls and boys, 

respectively,, compared to WHO data (8) and data from affluent Indian boys (14). There was 

noo difference between attained BMI of urban and rural girls, while urban boys had a slightly 

higherr BMI than their rural peers of the same age (p<0.05). None of the groups reached the 

15thh percentile of the WHO reference data, except for urban boys. Of girls, 21.0% had a BMI 

lesss than the 5th WHO percentile for her age, while for boys this was 28.7% (p<0.001). 
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However,, the BMI of the Indonesian boys was higher than of the Indian boys over the 12-15-

yearr age range. 

Inn general, both boys and girls had an attained height, weight and BMI, which were 

significantlyy higher at all ages in EM, compared to LM subjects (table 1). Only height in 15-

year-oldd girls and BMI  in 15-year-old boys were not different between EM and LM. In 

addition,, in older subjects, height, weight and BMI  were generally higher than in younger 

subjects.. However, this was not the case for BMI  of pre-pubertal girls. The difference in 

weightt and BMI  between EM and LM was larger among girls than among boys. 

Calculatedd annual increments in height, weight and BMI per age group and pubertal 

statuss for girls and boys are presented in table 2. Among girls who remained pre-pubertal, 

weight,, height and BMI increments were comparable at age 12-14 years. Compared to girls 

whoo were already pubertal at baseline (early maturing girls), the increments in height and 

weightt were about 2-3 times greater in the pre-pubertal group (late maturing girls) at 12-14 

yearss of age. The middle group, who became pubertal between the two surveys, had lower 

incrementss in weight and height than their age mates in the group who remained pre-pubertal 
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butt higher than those who were already pubertal. Among boys, velocity of height and weight 

incrementt was lower in older compared to younger boys in the pubertal group, but not in the 

pre-pubertall  or middle group. In contrast to height gain, which was larger among pre-pubertal 

boyss (significant at 14-15 years of age), weight gain of younger boys (12-13 y) was larger 

afterr they reached puberty (significant at 13 years of age). 

Mediann annual linear growth is depicted for girls and boys in figures 3a and 3b, 

respectively.. Post-menarcheal girls experienced a much slower linear growth compared to 

girlss who had not yet started their menstruation, as the latter had just experienced their peak 

heightt velocity (PHV). For boys the same holds true and EM boys had their fastest growth 1-2 

yearss earlier than LM boys, who were still growing at peak velocity. Growth patterns (in 

particularr of boys) are in agreement with the reference pattern and velocity of growth. The 

timingg of PHV among both Indonesian boys and girls seems to occur around the same age as 

inn the well-nourished reference population. 
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DISCUSSION N 

Thee study population was moderately malnourished (stunted and thin), with the 

mediann of HFA and BMI-for-age below the 15th percentile of the reference population. This 

assessmentt was done in adolescents from middle to low socio-economic groups. It is possible 

thatt affluent Indonesian adolescents are less malnourished and their anthropometric indicators 

liee closer to the NCHS/WHO reference. Young Indian children from affluent families have 

beenn found to show similar growth as the NCHS/WHO reference for their age (16), while 

affluentt Indian adolescent boys did differ from the NCHS reference for adolescent boys (14). 

Withinn the study population, as expected, the socio-economic difference between 

urbann and rural subjects of both sexes was reflected in their anthropometric indicators. Urban 

girlss and boys were taller than their rural peers, and urban boys had a slightly higher BMI-for-

agee than rural boys. Among girls, this difference with regard to BMI-for-age was not present, 

whichh was probably caused by a higher weight-consciousness of urban girls compared to their 

rurall  peers. Micronutrient supplements are generally marketed in Indonesia as a means to 

increasee appetite and during the intervention studies of which this assessment was part (5-7), 

andd many girls mentioned fear of weight gain as a reason for non-compliance with iron and 
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Tablee 1. Attaine d height , weigh t and BMI by age and puberta l statu s for girl s (n=2461) and boys 
(n=2705)! ! 

Pre-pubertal l 
<LM) ) 

p-valuee 3 

Pubertal2 2 

<EM) ) 

p-valuee 3 

Pre-pubertal l 
<LM) ) 

p-valuee 3 

Pubertal2 2 

(EM) ) 

p-valuee 3 

Age e 

(y) ) 

12 2 

13 3 
14 4 

15 5 

12 2 
13 3 
14 4 

15 5 

12 2 
13 3 
14 4 

15 5 

12 2 
13 3 
14 4 
15 5 

n n 

153 3 

189 9 

70 0 
16 6 

153 3 
540 0 
797 7 

543 3 

210 0 
346 6 
183 3 
44 4 

121 1 
466 6 

753 3 
582 2 

Height t 

(cm) ) 

GIRLS S 

142.55 [137.8; 146.1]a 

143.99 [140.1; 147.3]ab 

145.4[141.6;148.6]bc c 

148.00 [144.8; 153.5]c 

<0.005 5 

148.99 [144.6; 152.4]a* 

148.77 [145.5; 152.7]"* 
149.66 [146.1; 152.8]b * 
149.88 [146.7; 153.5]c 

<O.O01 1 

BOYS S 

141.3[136.2;148.3]a a 

144.22 [138.4; 150.6]a 

150.33 [145.5; 157.0]b 

154.99 [147.4; 158.1]c 

<0.001 1 

146.99 [139.9; 153.4]a* 

150.66 [145.0; 156.0]b* 
155.55 [150.5; 160.1]c* 
158.77 [154.3; 163.0]d* 

<0.001 1 

Weight t 

(kg) ) 

31.44 [28.6; 35.4]a 

33.00 [30.2; 35.7]b 

33.44 [30.8; 36.8]b 

36.11 [30.8;41.9]c 

<0.001 1 

39.00 [34.9; 44.0]a* 
40.00 [36.0; 44.2]a* 
40.66 [36.8; 44.8]b* 

41.8[38.4;45.6]b* * 
<0.001 1 

32.22 [28.2; 36.4]a 

32.88 [29.4; 38.6]b 

37.88 [33.6; 42.2]c 

40.55 (36.1 ;45.8]c 

<0.001 1 

37.6[30.5;43.3]a* * 
38.00 [33.8; 43.6]b * 
41.88 [37.4; 47.0]  * 
44.88 [40.6; 49.2]d * 

<0.001 1 

BMI I 
(kg/m2) ) 

15.88 [14.6; 16.9] 

15.88 [14.8; 16.9] 
16.00 [14.6; 17.1] 

16.33 [15.1; 18.7} 

NS S 

17.77 [16.2; 19.4]a* 

18.00 [16.5; 19.7]ab* 
18.11 [16.7;19.7]b* 

18.66 [17.1; 20.2]c* 
<0.001 1 

16.00 [15.0; 17.0]a 

15.99 [15.0; 17.2]a 

16.77 [15.6; 17.2]b 

17.22 [15.7; 18.7]c 

<0.001 1 

16.77 [15.4; 18.8]a* 

16.77 [15.8; 18.1]a* 

17.22 [16.3; 18.6]b* 
17.66 [16.7; 19.0]c 

<0.001 1 

mediann [interquartile range] 
differencee between pre-pubertal and pubertal group: * = p<0.001, # = p<0.005 
'' p-value for difference between age groups within the pre-pubertal and pubertal group (Kruskal-Willis test followed 

byy Mann-Whitney U tests) 
,bcc age groups within the pre-pubertal and pubertal group are different if they do not share the same letters 

vitaminn A supplementation. 

Accordingg to the interview method of puberty rating, girls in the study population 

maturedd between 6 and 12 months earlier than boys, in rural and urban areas, respectively. In 

healthyy reference populations, the difference between timing of menarche among girls and 

attainingg an adult voice among boys is approximately 2 years (8). It is possible that first 

nocturnall  ejaculation is an earlier event in the maturation process than the occurrence of adult 

voice. . 

Fromm the growth velocity data, it can be deduced that peak height velocity of girls 

occurredd at a younger age than was included in this study. Based on the documented time 

lapsee of approximately 1 year between girls' PHV and menarche (8), PHV among girls in this 

populationn is estimated to occur around the age of 11.0 years. Among boys, age at PHV was 

12.99 years if all boys were considered together (see results). This sex difference is in line with 
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Tablee 2. Calculate d annua l chang e in height , weigh t and BMI by baselin e age in girl s and boy s 

whoo remaine d pre-pubertal , becam e pubertal , or were alread y puberta l at baselin e 1 

Remained d 
Pre-pubertal l 

p-valuee 2 

Became e 

Pubertal l 

p-valuee 2 

Already y 
Pubertal3 3 

p-valuee 2 

Remained d 
Pre-pubertal l 

p-valuee 2 

Became e 
Pubertal l 

p-valuee 2 

Already y 
Pubertal3 3 

p-valuee 2 

Age e 

(y) ) 

12 2 

13 3 
14 4 
15 5 

12 2 

13 3 
14 4 

15 5 

12 2 

13 3 
14 4 

15 5 

12 2 

13 3 
14 4 

15 5 

12 2 
13 3 
14 4 

15 5 

12 2 
13 3 
14 4 
15 5 

n n 

94 4 

96 6 
33 3 
4 4 

55 5 
79 9 

28 8 
7 7 

138 8 
461 1 
612 2 

376 6 

145 5 

186 6 
62 2 
7 7 

52 2 
131 1 
631 1 
30 0 

78 8 
361 1 
631 1 
461 1 

AA Height 
(cm) ) 

GIRLS S 
6.77 [5.0; 8.6]b 

6.11 [5.0; 7.6]ab 

5.88 [4.3; 7.0]a 

3.44 [0.9; 5.9]a 

<0.05 5 

5.77 [4.1; 7.0]b 

4.33 [3.0; 5.8]a 

3.00 [1.5; 5.2]a 

2.44 [0.3; 5.8]a 

<0.001 1 

0.99 [-0.1; 1.8]* 
0.77 [-0.1; 1.7]* 
1.00 [0.6; 1.9]* 
0.11 [-0.3; 0.5] 

NS S 

BOYS S 
8.11 [5.9;10.2] 

7.99 [5.1; 10.0] 
7.99 [4.3; 9.7] 

5.99 [4.5; 8.1] 
NS S 

8.55 [6.4; 10.6] 
8.11 [6.0; 9.8] 
7.77 [5.0; 9.8] 
5.22 [3.0; 7.2] 

NS S 

7.99 [5.6; 9.7]c 

7.33 [5.4; 9.4]
5.22 [3.2; 7.8]b* 
3.5[1.8;5.4]a# # 

<0.001 1 

AA Weight 

(kg) ) 

5.00 [2.8; 7.4]b 

4.00 [2.4; 6.3]ab 

5.00 [3.0; 6.7]b 

2.00 [0.2; 3.6]a 

<0.10 0 

4.44 [1.9; 6.3] 
3.44 [1.6; 5.7] 
2.88 [1.6; 5.6] 

3.11 [-1.8;6.0] 
NS S 

0.77 [-0.2; 1.9]* 
0.88 [-0.2; 1.7]* 

0.55 [0.1; 1.5]* 
0.99 [-1.0; 1.7] 

NS S 

4.66 [2.4; 6.4] 
4.99 [2.4; 7.1] 
5.44 [3.4; 7.4] 

4.11 [1.6; 8.8] 
NS S 

4.99 [3.2; 7.6] 

5.33 [2.8; 8.0] 
5.00 [2.6; 7.7] 
4.55 [1.6; 7.1] 

NS S 

5.77 [2.6; 7.7]bc 

5.9[3.3;8.3]c* * 
4.88 [2.2; 7.3]ab 

3.77 [1.1; 6.8]a 

<0.001 1 

ABMM I 
(kg/m2) ) 

0.99 [-0.1; 1.8] 
0.77 [-0.1; 1.7] 

1.00 [0.6; 1.9] 
0.11 [-0.3; 0.5] 

NS S 

0.77 [-0.2; 1.9] 
0.88 [-0.2; 1.7] 
0.55 [0.1; 1.5] 

0.99 [-1.0; 1.7] 
NS S 

0.66 [-0.5; 1.8]b 

0.55 [-0.6; 1.7]b 

0.11 [-0.9; 1.1]a* 
0.22 [-1.1; 1.4]a 

<0.001 1 

0.44 [-0.4; 1.2] 
0.77 [-0.4; 1.4] 

0.99 [0.0; 1.4] 
0.55 [-0.6; 2.5] 

NS S 

0.55 [-0.4; 1.7] 
0.66 [-0.4; 1.7] 

0.66 [-0.8; 1.6] 
0.66 [-0.3; 1.9] 

NS S 

0.66 [-0.2; 1.5] 
0.99 [-0.2; 1.9] 
0.77 [-0.3; 1.7 
0.77 [-0.3; 1.7] 

NS S 

mediann [interquartile range] 
22 p-value for difference between age groups within the pubertal groups (Kruskal-Willis test followed by Mann-

Whitneyy U tests) 
differencee between pubertal groups: * = p<0.001, # = p<0.005 
abcc age groups within the pre-pubertal and pubertal group are different if they do not share the same letters 

whatt is found in healthy reference populations (8). 

Iff  the puberty rating by interview is valid, one would expect EM girls and boys to 

experiencee their PHV ahead of LM peers. In addition, as PHV occurs before the onset of 

puberty,, it is expected that linear growth is fastest in LM subjects, while increases in BMI 
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Figur ee 3a.. Median linear growt h velocit y by age of early and late maturin g Indonesia n girls , 
compare dd to NCHS referenc e 

takee place largely after puberty when adult height is almost reached. This assumption was 

confirmedd by the growth patterns of early and late maturing boys and girls. Among boys there 

wass a 1-2 year difference in PHV, while EM girls had a much lower growth velocity 

comparedd to that of LM girls, who presumably were still in their growth spurt. A similar 

differencee was observed among boys, but they were still experiencing their growth spurt at an 

agee where it was over for most girls. Consequently, at the same chronological age, attained 

weight,, height and BMI in early maturing adolescents were higher than among those maturing 

later.. It is not possible to compare these results with the reference population, as data on 

height-for-agee are not disaggregated by puberty phase. 

Incrementss in height, weight and BMI among girls who remained pre-pubertal were 

comparablee over the 12-14 years age range. However, there was an outlier at age 15 years, 

whichh resembled more the increments of girls who became or were already pubertal. This was 

probablyy due to the small number of pre-pubertal girls in this age group. Another possible 

explanationn is that 15-year-old girls who have not yet matured are a selective group, whose 

growthh and maturation is delayed by more pronounced malnutrition. 

Thee data yielded with this indicator contained some inconsistencies and these cases were 

excludedd from analysis as described in the methods section. Because of the nature of the 
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data,, the only type of unreliable data that could be identified, were reports from the same 

subjectt of being pubertal in the first survey and of being pre-pubertal in the second survey. 

Thiss occurred in a small proportion of cases (7.4% in boys and 1.1% in girls). The assumption 

thatt this may have been caused by unfamiliarity with the question asked is confirmed by the 

factt that the percentage of unreliable data decreased in subsequent surveys (data not shown). 

Basedd on the expected socio-economic difference in onset of puberty within the study 

populationn (as reflected in the urban-rural difference), the earlier onset of maturity among 

girlss and the agreement of growth patterns with what is biologically expected, it is concluded 

thatt the interview method for maturity rating is valid for use in this population. Although 

menarchee is commonly used, to our knowledge first nocturnal ejaculation has not yet been 

employedd as a proxy for maturity rating in boys. Both are questions that can be asked by 

interviewerss of either sex with very limited training. There were no problems with male field 

workerss interviewing female respondents or the other way around. It should be mentioned 

thatt in the Indonesian Islamic setting asking about menarche and nocturnal ejaculation is 

culturallyy acceptable. Like menarche, 'first nocturnal ejaculation' is an important event, as it 

markss religious maturity. However, the cultural appropriateness of these proxies of maturity 

wil ll  likely differ across populations and its usefulness should be evaluated prior to use in 
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differentt Field settings. 

Informationn on the nutritional status of adolescents is scarce, growth references for 

thiss age group are inadequate (17) and data are not disaggregated by puberty phase. There is 

ann urgent need for more and better references, which take pubertal status into account, while 

thee need for and feasibility of constructing national references should be explored. 
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