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CHAPTERR 3 

ABSTRACT T 

Objective::  Determine prevalence and contributing factors of anemia in adolescents. 

Design::  Cross-sectional study of anemia prevalence, socio-economic status and puberty. 

Setting::  Schools in East Java, Indonesia. 

Subjects::  Male and female adolescent pupils (age 12-15 y; n= 6,486). 

Results::  Anemia prevalence was 25.8% among girls (n=3486), 24.5% among pre-pubertal 

boyss (n=821), and 12.1% among pubertal boys (n=2179). Socio-economic status, indicated by 

typee of school attended, was an important factor determining the risk of anemia. Girls had a 

higherr risk when they attended a poor school (OR poorest school: 1.00, other schools: 0.67-

0.87),, had reached puberty (OR: 1.25), had lower retinol intake (OR lst-4th quartile: 1.00, 

0.97,, 0.89, 0.77) and higher vitamin A intake from plant sources (OR lst-4th quartile: 1.00, 

1.10,, 1.31, 1.04). Boys had a higher risk of anemia when they attended a poor school (OR 

poorestt school 1.00, other schools 0.54-0.63), were younger (OR per year=0.79), had not yet 

reachedd puberty (OR not yet: 1.00, already: 0.78), were shorter (OR per cm=0.95), had 

smallerr MUAC (OR per mm=0.99) and lower retinol intake (OR lst-4th quartile: 1.00, 0.67, 

0.74,, 0.68). 

Conclusions::  Anemia in adolescents should be reported separately for pre-pubertal and 

pubertall  subjects and for different ages, and the population's socio-economic status should be 

specified.. The results of this survey call for treatment of anemia in adolescents. Given 

Indonesia'ss current situation, micronutrient intake of adolescents should be increased using 

supplementss for all girls and for pre-pubertal boys. 
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INTRODUCTIO N N 

Ironn deficiency anemia is still a major public health problem in large parts of the 

world,, including Indonesia. Iron deficiency has detrimental effects on physical and mental 

developmentt of young children and is irreversible when iron therapy is started after the 

criticall  period for development has elapsed (1). In older children and adolescents, iron 

deficiency,, with or without anemia, interferes with learning capacity and school achievement 

(2,3)(2,3) as well as with growth (4,5) and appetite (5). In pregnancy, anemia can lead to reduced 

intrauterinee growth and thus to low birth weight and peri-natal mortality (6). Besides, anemia 

reducess work performance (7,8), and impairs immune function (9). Through all these effects, 

anemiaa is a major hampering factor in the economic growth of many developing countries, 

whichh have the highest anemia prevalences in the world. The necessity to treat iron deficiency 

anemiaa is therefore both a health and an economic issue. 

Thee main cause of iron deficiency anemia is inadequate intake of bio-available iron 

fromm the diet, although additional causes also play a role, such as excessive blood loss, 

infections,, especially of intestinal parasites, and deficiencies of vitamins A and C. Rapid 

growthh increases the need for iron to such an extent (10,11) that a positive iron balance is 

difficultt to maintain (12). This makes young children, pregnant women and adolescents 

especiallyy vulnerable to iron deficiency anemia. Because of very high iron requirements in 

pregnancyy and the fact that most women have a borderline iron status before pregnancy (10), 

treatmentt of anemia is best started in adolescence. 

Feww data are available on the prevalence of iron deficiency anemia in adolescents 

(13),(13), but the prevalence seems to be high, especially among girls (14-17). Because of the 

changingg nutritional needs of adolescent boys and girls, and the start of menstruation in girls, 

theree may well be differences in hemoglobin concentrations between the sexes, between 

differentt ages and between pre-pubertal and pubertal adolescents. However, very few data are 

availablee on the relationship between puberty and hemoglobin levels in either boys or girls 

(11,18,19). (11,18,19). 

Inn order to identify appropriate interventions for specific groups of adolescents, a 

surveyy was undertaken among adolescent boys and girls aged 12 -15 years in East Java, 

Indonesia.. The aim of the survey was two-fold: determine anemia prevalence in adolescent 

girlss and boys of different ages, and analyze the factors associated with iron deficiency 

anemia. . 
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METHOD S S 

Subjects Subjects 

Thee data presented in this paper were collected during a survey between October 1996 

andd January 1997. The survey was conducted in 34 schools in urban and rural East Java, 

Indonesia.. In Surabaya, capital of East Java, 16 schools were randomly selected. Nine of 

thesee schools were general Junior High Schools (SMP = Sekolah Menengah Pertama), 

whereass the other seven were Islamic Junior High Schools (MTs = Madrasah Tsanawiyah). 

Thee rural area consisted of two districts (Bangkalan and Sampang) of Madura, an island off 

thee coast of Surabaya. In the rural area 18 schools "were selected, ten Islamic boarding schools 

(PPP = Pondok pesantren) and eight general Junior High Schools (SMP), equally distributed 

overr the two districts. 

Thee SMPs and MTs were randomly selected, but for the PPs a special approach was 

necessaryy to ensure maximal cooperation, as this survey was part of a longitudinal study. 

Pupilss in the selected schools were of middle and low socio-economic class, of Javanese or 

Maduresee ethnicity, and Muslim, except for one school in Surabaya, where most pupils were 

Chinesee and Christian. Data were collected from all pupils in these schools aged 12 through 

155 years old, whose parents gave written informed consent (91.4%). 

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 had all graduated from 

Indonesiann Schools of Dietetics. Three medical doctors supervised the data collection and re-

measuredd a subsample for quality control. 

Questionnaire Questionnaire 

AA standard questionnaire was used to collect data on the schools as well as on socio-

economicc background and health of the pupils. Educational level of both parents was 

recordedd as a proxy for socio-economic status. Pubertal status was assessed by the status quo 

methodd (20): each respondent was asked whether she or he had experienced menarche or 

nocturnall  emissions, respectively. 

Hemoglobin Hemoglobin 

Hemoglobinn was determined with the Hemocue device (HemoCue™, Angelholm, 

Sweden)) in peripheral blood obtained from the fingertip. 
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Anthropometry Anthropometry 

Anthropometricc measurements consisted of height (using microtoise to the next 0.1 

cm),, weight with light clothing and without shoes (using Soehnle digital weighing scales, 

accuracyy 0.1 kg), and mid upper-arm circumference (MUAC) (using a special measuring tape 

developedd by the Indonesian Department of Health). 

VitaminVitamin A intake 

Vitaminn A intake was assessed with the 24-VASQ method, which can be described as 

follows.. A 24-hr recall questionnaire was administered that included all foods and drinks 

consumedd during the previous day. All vitamin A containing ingredients were then assigned a 

foodd code and a vitamin A content code. The food code defines whether the ingredient is a 

vegetable,, fruit, animal food or fortified food. Vitamin A content codes were assigned for the 

amountt of vitamin A in the individual ingredient consumed, and were <20; 20-100; 100-250; 

250-500;; 500-1000 and >1000 RE. Vitamin A intake was calculated per food code using the 

midpointss of the vitamin A content categories (21). 

StatisticalStatistical methods 

Valuess are expressed as D or as proportions. Statistical tests used included 

Chi-squaree test, analysis of variance (ANOVA) and logistic regression analysis. The 

computerr program SPSS (SPSS 7.5 for Windows, SPSS Inc., Chicago, Illinois) was used for 

alll  statistical analyses. 

RESULTS S 

Dataa were collected from 3075 boys and 3537 girls. Of these, 31 boys (1%) and 21 

girlss (0.6%) refused to have their hemoglobin determined. In this paper the data are presented 

off  the 3000 boys and 3486 girls on whom complete data are available (at least age, pubertal 

status,, and hemoglobin concentration). 

Tabless 1 and 2 show the characteristics of the study population per type of school, for 

girlss and boys, respectively. The mean age in boys and girls was 14.2 years, and the 

proportionn that had already reached puberty was higher in the girls (82.5%) than in the boys 

(72.6%). . 

Ass the initial focus in the selection process of the boarding schools was on girls, the 

sexx distribution shown in the tables does not represent the actual composition of the student 

populationn in these schools. The sex distribution at the other schools shows that parents 

choosee different schools for their sons and daughters: girls tend to go to religious schools 
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12(n=198)) 12(n=194) 13 (n=272) 13(n=716) 14(n=113) 14(n=1155) 15 (n=27) 15(n=811) 

Agee (y) 

Pre-pubertall anemia 
prevalence e 

Pubertall anemia 
prevalence e 

Pre-pubertall Hb 
%% CI) 

* * 
Pubertall Hb 

%% CI) 

Figur ee 1. Relationshi p of hemoglobi n concentratio n % CI) and anemi a prevalenc e 

wit hh age and puberta l statu s in girl s (n=3486). 

moree than to general schools. In addition, girls stop attending school at an earlier age. This 

genderr difference in school attendance is a socio-economically determined phenomenon, as 

cann be derived from the differences in the level of parental education, especially of the 

fathers,, between boys and girls attending the same schools. For both boys and girls, father's 

educationn was higher in Surabaya than in Madura, and it was higher in general schools than in 

religiouss schools. This indicates that parents with a higher education are more likely to send 

theirr children to a general school. 

Thee fees in the table are the mean of the total of all fees paid during three years at 

school.. They were calculated from school fees and additional fees for necessities such as 

uniformss and books. The higher school fees encountered in Surabaya are influenced by the 

selectionn of the schools. While in Madura all Junior High Schools were state-owned schools 

withoutt school fees, in Surabaya the majority of the state-run schools were too large to 

participatee in the study of which this survey formed the baseline. For this reason, in Surabaya, 

privatelyy run schools, which ask fees from their pupils, were enrolled together with one state-
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1355 S 

12(n=218)) 12(n=144) 13(n=365) 13(n=510) 14 (n=192) 14 (n=842) 15(n=46) 15(n=682) 

Agee (y) 

Pre-pubertall anemia 
Drevalence e I I Pubertall anemia 

prevalence e 

Pre-pubertall Hb 
%% CI) 

* * 
Pubertall Hb 

%% CI) 

Figur ee 2. Relationshi p of hemoglobi n concentratio n % CI) and anemi a prevalenc e 

wit hh age and puberta l statu s in boy s (n=3000). 

runn school. This raised the mean of fees paid. Thus, both educational level of the parents and 

thee type of school reflect socio-economic status. Therefore, data are presented per type of 

school. . 

Amongg girls, there was a trend of lower hemoglobin concentrations and higher anemia 

prevalencee in the religious schools in Madura compared to the other school types. There was 

aa trend, within school types, for a lower hemoglobin concentration, and a higher anemia 

prevalence,, among pubertal girls than among pre-pubertal girls. Among pre-pubertal boys, 

hemoglobinn concentrations were lower in the general schools in Madura compared to both 

Surabayaa school types (p<0.001). Among pubertal boys, they were lower in both school types 

inn Madura than in both Surabaya school types (p<0.001). Hemoglobin concentrations were 

higher,, and anemia prevalences lower, among pubertal than among pre-pubertal boys in all 

schooll  types. 

Thee relationship of hemoglobin concentration and anemia with age and puberty for 

girlss and boys is shown in figures 1 and 2, respectively. Figure 1 shows the trend of lower 
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Tabl ee 3. Odds ratio s [95% CI] fo r havin g a hemoglobi n concentratio n <120 g/L : girl s (n=3483)1,2. 

No o 
Yes s 
PP P 

SMP-M M 

MTs-S S 
SMP-S S 

<=20 0 
21-130 0 
131-295 5 

>295 5 
<=20 0 
21-80 0 
81-275 5 

>275 5 

OR R 

1.00 0 

1.25 5 
1.00 0 
0.67 7 
0.74 4 

0.87 7 

1.00 0 
0.97 7 

0.89 9 
0.77 7 

1.00 0 
1.10 0 

1.31 1 
1.04 4 

[95%% CI] 

[1.02-1.55] ] 

[0.52-0.85] ] 
[0.60-0.90] ] 
[0.71-1.07] ] 

[0.79-1.20] ] 

[0.72-1.10] ] 
[0.61-0.96] ] 

[0.89-1.37] ] 
[1.06-1.62] ] 

[0.84-1.30] ] 

p-value e 

<0.05 5 

<0.005 5 

<0.005 5 
NS S 

NS S 
NS S 

<0.05 5 

NS S 

<0.05 5 
NS S 

11 The multiple logistic regression analysis was first run for stepwise entrance into the model (n=3009). P-value for 
entrancee in the model was <0.10. Because the interaction terms of retinol intake with VA intake from plant 
sources,, and of puberty with type of school entered the model, the analysis was re-run with 'forced entrance' of 
thee variables that had entered the model upon stepwise entrance (n=3483). 
22 Variables that did not enter the logistic regression model were age, height, MUAC, weight, BMI, consumption of 
eggss and educational level of parents. 
33 Overall p-value <0.005 
44 Overall p-value <0.10 
55 Overall p-value <0.10 

hemoglobinn concentrations and higher anemia among pubertal girls as compared to pre-

pubertall  girls. Hemoglobin concentration in boys was higher in each consecutive age group, 

andd within any given age group, it was higher for pubertal than for pre-pubertal subjects 

(p<0.01).. In pre-pubertal boys, mean hemoglobin concentration was 126 g/L at age 12 and 

1377 g/L at age 15, while among pubertal boys it was 129 g/L at age 12 and 139 g/L at age 15. 

Multiplee logistic regression analysis was performed to analyze the chance to be 

anemicc (tables 3 and 4). Lower socio-economic status, as reflected by the type of school 

attended,, was an important factor determining anemia in both boys and girls. In addition, for 

girlss the risk was higher when they had reached puberty, had lower intakes of retinol, and 

higherr intakes of vitamin A from vegetables and fruits. Boys had a lower chance to be anemic 

when,, in addition to having a higher socio-economic status, they were older, taller, had a 

largerr MUAC, had reached puberty and had a retinol intake > 500 RE. 

Thee relationships between intake of vitamin A from animal and fortified sources 

(retinol),, as well as from vegetables and fruits, and indicators of socio-economic status are 

shownn in table 5. Maternal education is not shown in the table, as it showed a similar 

relationshipp to vitamin A intake as paternal education. No relationship was found relationship 

too vitamin A intake as paternal education. No relationship was found between intake of 

vitaminn A from plant sources and socio-economic status. In both girls and boys, retinol intake 

wass positively related to socio-economic status, as indicated by type of school attended and 

Puberty y 

Typee of school3 

Retinoll intake quartiles (RE)4 

VAA intake from plant sources (RE)5 

50 0 
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Tablee 4. Odds ratio s [95% CI] for havin g a hemoglobi n concentratio n <120 g/L: boy s 

(n=2998)1'2. . 

ORR [95% CI] p-value 
Puberty y 

Typee of school3 

Retinoll intake quartiles (RE) 4 

Agee (y) 
BMII (kg/m2) 
Heightt (cm) 
MUACC (mm) 

No o 
Yes s 
PP P 
SMP-M M 

MTs-S S 
SMP-S S 
<=50 0 
51-175 5 
176-320 0 
>320 0 

1.00 0 
0.78 8 
1.00 0 
0.63 3 
0.54 4 

0.56 6 
1.00 0 
0.67 7 
0.74 4 

0.68 8 
0.79 9 
1.04 4 

0.95 5 
0.99 9 

[0.61-1.00] ] 

[0.45-0.88] ] 
[0.37-0.78] ] 
[0.39-0.82] ] 

[0.51-0.88] ] 

[0.54-1.00] ] 
[0.51-0.91] ] 
[0.69-0.90] ] 
[0.94-1.14] ] 
[0.94-0.97] ] 

[0.98-1.00] ] 

<0.05 5 

<0.01 1 
<0.005 5 
<0.005 5 

<0.005 5 
<0.05 5 

<0.01 1 
<0.0005 5 

NS S 
<0.0001 1 

<0.10 0 
11 The multiple logistic regression analysis was first run for stepwise entrance into the model (n=2473). P-value for 
entrancee was <0.10. Because the interaction terms of school type with puberty, and of retinol intake with BMI 
enteredd the model, the analysis was re-run with 'forced entrance' of the variables that had entered the model upon 
stepwisee entrance (n=2998). 
22 Variables that did not enter the logistic regression model were weight, consumption of eggs and educational 
levell of parents. 
33 Overall p-value <0.01 
44 Overall p-value <0.05 

byy paternal education. 

DISCUSSION N 

Thiss survey among 12-15 year-old adolescents enrolled at different urban/rural and 

public/religiouss schools in East Java found an anemia prevalence of 25.8% among girls, of 

24.5%% among pre-pubertal boys and of 12.1% among pubertal boys. The chance of being 

anemicc was determined by socio-economic status, as indicated by type of school attended, 

andd by physiological factors. Girls had a lower chance of being anemic when they had a 

higherr socio-economic status, had not yet reached puberty, had a higher retinol intake, and a 

lowerr vitamin A intake from plant foods. Boys had a lower chance of being anemic when they 

hadd a higher socio-economic status, were older, had reached puberty, were taller, had a larger 

MUAC,, and had a higher retinol intake. 

Thee higher anemia prevalence among subjects of a lower socio-economic status, as 

foundd in this survey, is analogous to the fact that anemia is most prevalent in developing 

countries,, and among the poorer segments of all societies. A lower socio-economic status 

reflectss a lower intake of iron-rich foods, especially sources of heme-iron, and higher 

infectionn rates. While infections, such as intestinal parasites and malaria, generally play a role 
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Tablee 5. Vitami n A intak e from plan t food s (vegetable s and fruits ) and retinol-ric h food s (anima l 
food ss and fortifie d foods ) (median (25-75 percentile)) , by indicator s of socio-economi c statu s 

VAA from plant foods (RE/d)1 

Schools s 

Father'ss education 2 

VAA from retinol-rich foods (RE/d) 
Schools s 

Father'ss education 2 

PP P 
SMP-M M 

MTs s 
SMP-S S 

None e 
Primary y 
Juniorr High 
Seniorr High 

>12yrs s 

1 1 

PP P 

SMP-M M 
MTs s 

SMP-S S 

None e 
Primary y 
Juniorr High 

Seniorr High 
>> 12yrs 

Girls s 

800 (20-245) a 

1800 (20-455) b 

600 (20-215) a 

700 (20-285) a 

800 (20-350) 
800 (20-270) 
800 (20-245) 

110(20-365) ) 
130(20-265) ) 

600 (10-180) a 

1200 (20-295)b 

150(20-255)"
1955 (70-410)c 

300 (10-180) a 

120(10-240)" " 

180(60-375)
180(60-365)
2355 (65-405)c 

(n) ) 

900 0 
492 2 

844 4 

775 5 

322 2 
1621 1 

435 5 
518 8 

115 5 

900 0 
492 2 
844 4 

775 5 

322 2 
1621 1 

435 5 
518 8 
115 5 

Boys s 

400 (10-215) a 

100(10-415)
700 (20-210) a 

800 (20-285) b 

60(10-350) ) 

70(10-360) ) 
900 (20-370) 
120(20-370) ) 
80(10-420) ) 

700 (10-185) a 

150(40-295)
175(50-320)
185(60-395)

1200 (10-235)a 

150(30-305)" " 
180(60-355)

2055 (80-395)d 

1855 (60-375) * 

(n) ) 

244 4 
867 7 

587 7 
776 6 

293 3 
1253 3 

363 3 
464 4 

101 1 

244 4 

867 7 
587 7 

776 6 

293 3 
1253 3 
363 3 
464 4 

101 1 

a,D,c,aa Q r o u p S i n o n e s e t w j th a different letter are significantly different from each other (p<0.001, Kruskal-Wallis H 
test). . 

11 p<0.001 between the types of school for both sexes (Chi-square test) 
22 girls n=3110; boys n=2593 

inn the occurrence of anemia, the study area is not endemic for malaria, and intestinal 

helminthss were no major factor in the study population. Analysis of a subsample (n=1084) 

showedd that the prevalence of hookworm infection was only 1.3%. In addition, infection load 

off  any type of worm was very low and no relationship was found between parasitic infection 

andd anemia (unpublished data). Thus, low iron intake was a major causal factor of anemia in 

thee study population. This was confirmed in the logistic regression analysis, which showed 

thee positive effect on anemia of a high consumption of retinol-rich foods. This effect might be 

duee 1. to increased vitamin A status which in turn lead to improved iron status (22), 2. to the 

factt that retinol-rich foods generally also contain a considerable amount of heme iron, and 

thuss that retinol intake reflects heme iron intake, and/or 3. to the fact that a higher retinol 

intakee might reflect a higher socio-economic status. However, because type of school already 

reflectss higher socio-economic status, the first two hypotheses are more likely to explain the 

negativee relationship between retinol intake and anemia. The higher risk of anemia that was 

associatedd with a higher vitamin A intake from vegetables might be caused by the high fiber 

contentt of vegetables, which inhibits absorption of non-heme iron. 
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Forr girls, puberty was the only other major factor, in addition to socio-economic 

status,, that was related to the occurrence of anemia. As menarche occurs 1-2 years after the 

physicall  changes of puberty, the use of menarche as indicator of puberty might have led to 

lowerr proportions of pubertal subjects than if physical examination would have been used. 

However,, in the setting of this study, physical examination was not appropriate, and 

menarchee is the most relevant parameter in relation to hemoglobin concentration. 

Thee data on puberty in boys, however, should be interpreted with caution, because the 

questionn about nocturnal emissions, the parameter used for puberty, might have caused 

shynesss among respondents, influencing the results. Although we expect delayed onset of 

pubertyy in Madura compared to Surabaya, due to poorer socio-economic conditions, our 

resultss show the opposite, in particular in the boarding schools. This might have been due to a 

differencee in frankness between rural and urban boys, further enhanced by the fact that, in 

contrastt to the other school types, pupils in the boarding schools were only allowed to be 

interviewedd by field workers of the same sex. Thus, the choice of the parameter is likely to 

havee resulted in more false-negative answers from boys and, consequently, a proportion of 

pubertall  boys will have been classified in the pre-pubertal group. Therefore, this study is 

likelyy to have found a smaller difference between pubertal and pre-pubertal boys than actually 

existedd in the study population. And the decrease of the prevalence of anemia with age may in 

factt appear stronger than it really is, due to the weakened effect of puberty caused by the 

false-negativee answers to the question on pubertal status. The setting in which the data were 

collectedd did not allow for a more precise assessment of pubertal status such as by examining 

genitall  and pubic hair status. 

Thiss study population is appropriate to study the influence of different factors on 

hemoglobinn concentration and anemia in adolescents in East Java. Although the subjects were 

sampledd from schools instead of from households, the sampling of the schools was done in 

suchh a way that a broad range of socio-economic conditions was included, and all pupils of 

eachh school were studied. Analyses were controlled for school type, and the results should be 

interpretedd within this context. Because the study population consisted of school-attending 

adolescents,, prevalences found should not be extrapolated to adolescents in general. 

Adolescentss who have dropped out of school represent the poorest socio-economic status, and 

aree likely to have higher risks of anemia and other deficiencies than the subjects in the present 

study. . 

Thee differences in anemia prevalence between boys and girls are consistent with data 

publishedd by the International Nutritional Anaemia Consultative Group in 1979 (14). 

Angeles-Agdeppaa et al found an anemia prevalence of 17.4% among 14-18 year old 

menstruatingg girls in Jakarta, Indonesia (15). The lower anemia prevalence in their study as 

comparedd to our study is partly due to differences in socio-economic status. The girls in their 
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studyy were still attending school at an age when part of our population would have dropped 

outt of school (23). 

Althoughh not much is known about the prevalence of iron deficiency anemia among 

adolescentt boys, Antill a and Siimes (II) showed similar relationships between age, 

hemoglobinn and pubertal status as the present study. The lower anemia prevalence among 

pubertall  boys can be explained by the physiological rise in hemoglobin concentration caused 

byy sexual maturation (24), as well as by decreasing requirements after completion of the 

growthh spurt. In girls, any expected age-related increase in hemoglobin concentration is 

haltedd by the occurrence of menarche and the ensuing regular blood loss. This is consistent 

withh the results of the logistic regression analysis, which showed that pubertal girls had a 

higherr chance of being anemic than pre-pubertal girls. The peak of the growth spurt in girls 

occurss approximately one year before menarche. Therefore, rapid growth is no factor of 

importancee among pubertal girls. It may however be a cause of anemia in pre-pubertal girls. 

Inn a small study among well-nourished non-anemic girls in the US, hemoglobin concentration 

wass 9 g/L in post-menarcheal girls (n=46) and 2 g/L in girls who had not yet 

reachedd menarche (n=44) (18). To our knowledge, no other data are available that distinguish 

betweenn pre-pubertal and pubertal girls, nor any reference data from a well-nourished 

populationn of pre-and post-pubertal boys. 

Inn conclusion, anemia in adolescents is related to poor socio-economic status. Among 

girls,, puberty increases the risk of being anemic, while it decreases the risk among boys. 

Therefore,, data should be reported separately per sex, age and puberty, and sampling frames 

shouldd take into account differences in socio-economic status. Because of the strong 

relationshipp with socio-economic status, the most appropriate short-term approach to control 

anemiaa is distribution of micronutrient supplements. Our data indicate that boys would benefit 

mostt from supplementation before the onset of puberty, while girls would benefit both before 

andd after the onset of puberty. 
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