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CHAPTERR 5 

ABSTRACT T 

Background:: The high prevalence of anemia among adolescents warrants action. 

Objective:: To investigate the effectiveness of weekly school-based supplementation to 

improvee adolescent micronutrient status. 

Design:: A double-blind, placebo-controlled weekly supplementation trial with 60 mg iron 

andd 250 ug folate, 20,000 IU vitamin A, or both, was implemented for 22 weeks among 

adolescentss (1754 girls and 1957 boys) in 16 urban and 8 rural schools, randomized per grade. 

Results:: Anemia prevalence among girls was 26.4% (pre-pubertal) and 31.2% (pubertal), and 

amongg boys 24.8% (pre-pubertal) and 16.1% (pubertal). Serum retinol concentration was 

<1.055 umol/L in 52.8% pre-pubertal and 31.2% pubertal girls, and 36.6% pre-pubertal and 

32.6%% pubertal boys. In urban schools Hb decreased in all groups. Among girls, Hb decreased 

lesss with vitamin A (-6.2 g/L), iron (-7.4 g/L), or both (-4.5 g/L) vs. placebo (-9.9 g/L; 

p<0.001).. Hb of boys decreased less with vitamin A and vitamin A+iron (-1.9 g/L and 0.1 

g/L,, respectively, vs. -3.6 g/L (placebo) and -4.4 g/L (iron); p<0.001). No effect of 

interventionss was found in rural subjects or on serum retinol concentration assessed in a 

subsample.. The study coincided with the economic crisis which increased anemia prevalence 

moree in urban than rural areas. 

Conclusions:: Weekly vitamin A+iron/folate supplementation for 22 weeks protected urban 

adolescentss somewhat against Hb decrease. Co-existing vitamin A deficiency and anemia 

suggestt the presence of multiple micronutrient deficiencies. Sugar-coating of iron tablets 

improvedd compliance by reducing side effects. Supplementation should be a long-term 

interventionn and operations research should accompany micronutrient supplementation 

programss among adolescents. 

80 0 



SECONDD SUPPLEMENTATION STUDY 

INTRODUCTION N 

Ironn and vitamin A deficiencies are very prevalent throughout the world, particularly 

affectingg individuals with increased nutritional needs due to rapid growth, including 

adolescentss (1,2). Documented prevalences of anemia in adolescent girls in Asia range from 

11%% to over 20%, and even up to 55% in India (3-8). Data on vitamin A deficiency in this 

groupp are scarcer and have been reported to range from 11-45% in Bangladesh and Indonesia 

(4,6,9).(4,6,9). Data on adolescent boys are even scarcer. A multi-country study reported that 

prevalencess were found to be similar in boys and girls in several countries (5). Serum retinol 

concentrationss <1.05 umol/L were found in 41% of Indonesian adolescent boys (9). 

Thee severe consequences for health and well-being of both deficiencies, as well as 

theirr interactions have been well-documented (10-15). The main cause of iron and vitamin A 

deficiencyy is inadequate intake of bio-available iron and vitamin A, in addition to other 

factorss like excessive blood loss, frequent infections and other micronutrient deficiencies. 

Adolescencee (the period between the ages of 10-19, according to the WHO definition) 

iss an important period as physiological, psychological and social changes occur and many 

adultt patterns are established, thus providing a window of opportunity to prevent adult health 

problems.. However, very few health programs for adolescents are in place, especially in 

developingg countries. The scarce studies focusing on this age group rarely involve boys, and 

oftenn sample size is small. 

Inn 1996/1997, the authors conducted a school-based supplementation intervention in 

Eastt Java, Indonesia, which found no effect of weekly iron and vitamin A supplementation on 

adolescentt girls and boys' hemoglobin concentration (Hb) when delivered in a programmatic 

settingg (9). It was hypothesized that the lack of impact was caused by a too low dose of 

vitaminn A (10,000 IU/wk), too short duration (14 weeks) and poor compliance, partly related 

too bad taste and gastro-intestinal side effects. Therefore, in the present study, performed in 

1997/1998,, the design was adjusted to address these problems. Sugar coated iron-folate 

tabletss and vitamin A supplements of a higher dose (20,000 IU) were used, duration of the 

supplementationn was increased, a placebo group was introduced and the coordination with the 

teacherss in the schools was improved. 

SUBJECTSS AND METHODS 

Subjects Subjects 

Thee intervention study presented here took place between March 1997 and April 1998 

81 1 



CHAPTERR 5 

inn 24 Junior High Schools in urban and rural East Java, Indonesia, that had participated in the 

previouss intervention (7,9): eight rural general Junior High Schools in two districts 

(Bangkalann and Sampang) on the island of Madura and 16 schools in Surabaya, the capital of 

Eastt Java: nine urban general Junior High Schools and seven Islamic Junior High Schools. 

Pupilss in all schools were of middle and low socio-economic class, of Javanese or Madurese 

ethnicity,, and Muslim, except for one urban school, where the majority was Chinese and 

Christian. . 

Tabletss were distributed to all pupils in the schools, but data were collected only on 

thosee who were 12 through 15 years old at the start of the study, or who had participated in 

thee intervention during the previous school year (9), some of whom had reached the age of 16, 

andd whose parents gave written informed consent. 

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

andd Education after approval from the Medical Ethical Committee of the Ministry of Health 

off  Indonesia. 

SampleSample size 

Inn order to be able to detect a 50% reduction from the anemia prevalence of 25% (7) at 

aa = 0.05 and p = 0.80, and accounting for an expected drop-out rate of 20%, 184 subjects per 

interventionn group were needed (total 736). 

Design Design 

Pupilss attending the 24 schools were enrolled in a double-blind placebo-controlled 

interventionn study lasting 22 weeks and received weekly supplementation consisting of two 

sugarr coated tablets: one red and one yellow. The red tablets contained either 60 mg iron (as 

ferrouss sulphate) with 250 u,g folate, or placebo. The yellow tablets contained either 20,000 

IUU vitamin A or a placebo. As a proportion of the subjects involved were menstruating girls, 

thee dosage of the supplements used was in accordance with international recommendations 

forr safe use of supplements in pregnancy (16). No anthelmintics were given as the 

prevalenceprevalence of helminthic infections was extremely low (unpublished data). 

Thee schools were randomly assigned to receive either supplementation (fifteen 

schools)) or placebo (nine schools). All pupils in the placebo schools received a red and a 

yelloww placebo tablet (Placebo group; n=1744, data presented of a weighted random sample 

off  570 subjects, as described in the data analysis section). Within the schools receiving 

supplements,, the three grades were randomly allocated to either one of the supplementation 

regimes:: vitamin A and placebo (VA group; n=1012), iron-folate and placebo (Fe group; 

n=1032),, or vitamin A and iron-folate (VAFe group; n=1097). 

Thee supplements were taken with water in the class room under supervision of the 
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fieldfield workers. Although teachers received a small monthly financial incentive for their 

cooperationn in the study, their commitment was insufficient to independently run the 

intervention.. During the fasting month, holidays and exam periods, the supplements were 

distributedd through the schools with the instruction to take them on a fixed day of the week at 

thee breaking of the fast (approximately at 6 p.m.). This happened 6-7 times in rural schools 

andd 8 times in urban schools. 

Baselinee data were collected in August 1997 on new pupils in the schools and in April 

19977 on pupils (grade two and three in this study) who had participated in the previous 

interventionn (9). Supplementation was given for 22 weeks between October 1997 and 

Februaryy 1998. 

Monitoring Monitoring 

Att baseline, trained field workers (the majority of whom were graduates of the 

Nutritionn Academy in Malang, East Java) collected data on socio-economic background and 

healthh status of the pupils, using a standard questionnaire. They were supervised by a medical 

doctorr (DS) who re-measured anthropometry on a subsample for quality control. After the 

intervention,, the fieldworkers were re-trained before post-intervention data collection started, 

whichh consisted of the same data as before except for those on socio-economic background. 

Afterr the intervention, self-reported compliance for the supplementation was recorded for a 

subsamplee of pupils. 

Pubertall  status was determined with the status quo method (17): each respondent was 

askedd whether she or he had experienced menarche or nocturnal emissions, respectively, and 

dietaryy intake of vitamin A rich foods was assessed with the 24-hour Vitamin A Semi-

Quantitativee method (24-VASQ) (18). 

Anthropometricc measurements consisted of height (using microtoise recorded to the 

nearestt 0.1 cm), weight with light clothing (school uniform) and without shoes (using Soehnle 

digitall  weighing scales, recorded to the nearest 0.1 kg), and mid upper-arm circumference 

(MUAC)) (using a special measuring tape developed by the Indonesian Department of Health, 

recordedd to the nearest 0.1 cm). 

Hbb was assessed in all subjects with the HemoCue™ device (HemoCue, Angelholm, 

Sweden)) using peripheral blood obtained from the fingertip. Venous blood samples for HPLC 

analysiss of serum retinol concentration were collected on a random subsample from all grades 

inn all schools (n=726). The blood collection took place between 08.00 and 10.00 am after an 

overnightt fast and was performed by trained nurses and laboratory staff. Between blood 

collectionn and serum collection, the samples were stored in the dark on ice. Sera were 

obtainedd the same day by centrifuging the blood at 750 x g for 15 minutes, and were stored at 

-200 degrees Celsius. Retinol analysis was done in pre- and post-intervention samples in the 
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samee batch by HPLC at the Nutrition Research and Development Center, Bogor, Indonesia 

(column:: Bondapak CI8, Waters, Milford, MA, USA; detector Waters LCM1+; standards: 

Sigma;; solvent: Merck, Darmstadt, Germany) with methanol/water (90/10 v/v) as mobile 

phasee (19). 

DataData analysis and statistics 

Resultss of the intervention groups and of a subsample of the placebo group (n=570) 

aree presented. Subsampling of the placebo group was necessary because the distribution of 

controll  subjects across the different types of schools was not comparable to that of the 

subjectss in the intervention groups. As type of school is an important indicator of socio-

economicc status and closely related to hemoglobin concentration (7), it may be a significant 

confounderr in the assessment of effects of supplementation. Stratified random sampling was 

donee to arrive at the same proportional representation of the three school types (urban and 

rurall  general schools and urban religious schools) as in the supplementation groups. 

Valuess are expressed as , quartiles (median [25-75%]) or percentages. To 

assesss comparability between groups at baseline, chi-square tests and analysis of variance 

(ANOVA)) were applied. To assess the change in hemoglobin and serum retinol 

concentrationss in the different intervention groups before and after the intervention, ANOVA 

andd a paired t-test were referred to. Because baseline concentrations of Hb and serum retinol 

differedd among the intervention groups, the change in these concentrations was corrected for 

baselinee concentration using a multivariate analysis (MANOVA) with baseline concentration 

ass co-variate. Logistic regression analysis was used to determine the relative risk of having a 

loww Hb or a low serum retinol concentration after the intervention for different factors (20). 

Thee computer program SSPS (SPSS 7.5 for Windows, SPSS Inc., Chicago, Illinois) was used 

forr statistical analyses. A p-value of <0.05 was considered statistically significant, except 

whenn stated otherwise. 

RESULTS S 

Att baseline, data were collected from 5344 subjects. After the intervention, data were 

collectedd again from 4966 of these subjects. Complete sets were available on 4889 subjects 

(31455 in intervention schools and 1744 in control schools). Drop-out during the study was 

7.11 %, did not differ among the four treatment groups and was mainly caused by absenteeism 

onn several consecutive days during the end-line data collection. All boys and girls in the 

supplementationn groups with complete sets of data were included in the analyses (n=3141), 

whilee a selection was made from the placebo group (n=570) as described in the data analysis 
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Baseline e 
(apr-mayy 1997) 
boys:: 1914 
girls:: 1604 
total:: 3518 

Baselinee new enrollees 
(aug-septt 1997) 
boys:: 1033 
girls:793 3 
total:: 1826 

Totall  Baseline 
boys:: 2947 
girls:2397 7 
total:: 5344 

Schools,, grade 2 and 3: 
88 SMP-R (n=l 185; boys=771; girls=413) 
77 MTs-U (n=1090; boys=491; girls=599) 
99 SMP-U (n=1244; boys=652; girls=592) 

Schools,, grade 1: 
88 SMP-R (n=739; boys=501; girls=238) 
77 MTs-U (n=546; boys=246; girls=300) 
99 SMP-U (n=541; boys=286; girls=255) 

Schools,, each 3 grades: 
88 SMP-R (n=1923; boys=1272; girls=651) 
77 MTs-U (n=1636; boys=737; girls=899) 
99 SMP-U (n=1785; boys=938; girls=847) 

Allocationn to supplementation groups 

Placeboo (n= 1896) 
Boyss n=1076 
Girlss n=820 

Dataa presented 
boys:: 1957 
girls:: 1754 
Total:: 3711 

Subsample e 
forr serum 
retinol l 
boys:: 387 
girls:: 339 
Total:: 726 

Postt intervention 
mar-aprr 1998 
boys:: 2697 
girls:: 2269 
Total:: 4966 

Completee data 
boys:: 2653 
girls:: 2236 
Total:: 4889 

VAA (n=l 106) 
Boysn=612 2 
Girlss n=494 

Placeboo (n= 1781) 
Boyss n=993 
Girlss n=788 

Fe(n=1156) ) 
Boyss n=612 
Girlss n=544 

Placeboo (n=1744) 
Boyss n=973 
Girlss n=771 

VA(n=1015) ) 
Boyss n=548 
Girlss n=467 

Fe(n=1072) ) 
Boyss n=556 
Girlss n=516 

VA(n=1012) ) 
Boyss n=545 
Girlss n=467 

Stratified d 
randomm sample 

Placeboo (n=570) 
Boyss n=280 
Girlss n=290 

Fe(n=1032) ) 
Boyss n=532 
Girlss n=500 

VAA (n=1012) 
Boyss n=545 
Girlss n=467 

Placeboo (n= 147) 
Boyss n=80 
Girlss n=67 

Fe(n=1032) ) 
Boyss n=532 
Girlss n=500 

VAA (n=195) 
Boysn=108 8 
Girlss n=87 

Fe(n=176) ) 
Boyss n=87 
Girlss n=89 

VAFee (n= 1186) 
Boyss n=647 
Girlss n=539 

Dropp out: n=378 (7.1%) 
Placebo:: 115(6.7%) 
VA:: 91 (8.2%) 
Fe:: 84 (7.3%) 
VAFe:: 88 (7.4%) 

VAFee (n=1098) 
Boyss n=600 
Girlss n=498 

I I 
VAFee (n=1097) 
Boyss n=600 
Girlss n=497 

VAFee (n=1097) 
Boyss n=600 
Girlss n=497 

VAFee (n=208) 
Boyss n=112 
Girlss n=96 

Figur ee 1. Supplementatio n stud y desig n (VA=vitami n A; Fe=iron ; VA+Fe=vitami n A and 
iron ;;  SMP=genera l junio r hig h school ; MTs=religiou s junio r hig h school) . 
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Tabl ee 1 : Characteristic s o f stud y populatio n at baseline 1 

Agee (y) 

Reachedd puberty (%) 
BMII (kg/m2) 

Retinoll intake (RE) 
Pre-retinoll intake (RE) 

Typee of school (%)2 

SMP-R R 
MTs-U U 

SMP-U U 
Hbb (g/L) 
Hb<120g/L(%) ) 

Nightblindnesss (%) 

Serumm retinol (|imol/L)3 

Serumm retinokl .05 u-mol/L (%)3 

Agee (y) 
Reachedd puberty (%) 
BMII (kg/m2) 

Retinoll intake (RE) 
Pre-retinoll intake (RE) 
Typee of school (%)4 

SMP-R R 

MTs-U U 
SMP-U U 

Hbb (g/L) 

Hb<120g/L(%) ) 
Nightblindnesss {%) 

Serumm retinol (umol/L)4 

Serumm retinokl .05 u.mol/L (%)4 

PP (n=290) 

13.7[13.1;14.6]D D 

76.9 9 
a a 

175[60;350] ] 
600 [20; 195] 

20.3 3 
33.8 8 

45.9 9 
b b 

26.22 (76) 
3.8 8 

6 6 

47.8b b 

PP (n=280) 

13.9[13.2;14.7]c c 

57.5ab b 

6 6 
135[30;288]a a 

600 [20; 195] 

33.6 6 
21.4 4 

45.0 0 
3 3 

16.8 8 
2.5 5 

9 9 

40.0 0 

Girlss (n= 
VAA (n=467) 

13.8[13.1;14.4]D D 

78.8 8 
b b 

185[60;375] ] 
600 [20;205] 

21.2 2 
35.1 1 
43.7 7 

a a 

35.3 3 
1.3 3 

3 3 

37.2ab b 

Boys(n n 

VAA (n=545) 

is.gns.sju.e]00 0 

58.6ab b 

7 7 
185[60;354]b b 

555 [20; 185] 

33.2 2 
21.1 1 

45.7 7 
2 2 

19.0 0 
1.1 1 

7 7 

31.3 3 

=1754) ) 

Fee (n=500) 

13.5[12.9;14.3]a a 

78.0 0 
ab b 

175[60;350] ] 

600 [20;205] 

18.6 6 
34.4 4 

47.0 0 
b b 

26.6 6 
2.0 0 

2 2 

38.4ab b 

=1957) ) 
Fee (n=532) 

13.7[13.0;14.5f f 
54.5a a 

4 4 

185[60;378]b b 

600 [20; 195] 

35.7 7 
20.5 5 

43.8 8 
2 2 

21.9 9 
2.4 4 

4 4 

40.0 0 

VAFee (n=497) 

13.8[13.1;14.9]D D 

82.3 3 
ab b 

175[10;385] ] 
50[10;200] ] 

22.1 1 

31.6 6 

46.3 3 
ab b 

31.2 2 

2.2 2 
1.311 9 

26.0a a 

VAFee (n=600) 

13.8[13.2;14.6]D D 

62.5b b 

6 6 
190[60;375f f 

40[10;195] ] 

33.5 5 
21.8 8 
44.7 7 

3 3 
19.5 5 
1.3 3 

8 8 

28.5 5 

,, median [25%; 75%] or percentage; NS = not significant; P = placebo group, VA = vitamin A group, Fe 

== iron group, VAFe = vitamin A + iron group 
abcc Significant differences exist when none of the letters of the groups are the same (p<0.05; for continuous 

normallyy distributed variables ANOVA with Bonferroni correction for post-hoc multiple comparisons was used, 

andd for non-continuous or not normally distributed variables Kruskal-Willis test followed by Mann-Whitney U 

testss for differences between all possible pairs of groups) 
22 SMP-R = Rural general school; MTs-U = Urban religious school; SMP-U - Urban general school 
3subsamplee (n=364): placebo: 67; vitamin A: 94; iron: 99; vitamin A and iron: 104 
44 subsample (n=418): placebo: 85; vitamin A: 115; iron: 95; vitamin A and iron: 123 

sectionn (figure 1). 

Tablee 1 shows the baseline characteristics of the 1754 girls and 1957 boys whose data 

weree used, differentiated per intervention group. Both girls and boys in the iron group were 

slightlyy younger than their peers in the other groups. Girls in the four groups were similar 

withh respect to the percentage who had reached puberty, median intake of pro-vitamin A and 

pre-formedd retinol, type of school attended, anemia prevalence, serum retinol concentration, 
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andd prevalence of night blindness. Girls in the placebo group had lower BMI compared to 

thosee in the VA group. Hb of girls in the VA group was lower than of girls in the placebo and 

Fee groups, while serum retinol concentrations <1.05 umol/L were more prevalent in the 

placeboo group than in the VAFe group. 

Boyss in the four groups were similar in most respects. A smaller percentage of boys in 

thee Fe group had reached puberty as compared to the VAFe group, which is in accordance 

withh their lower age. Consumption of preformed retinol was lower in the placebo group 

comparedd to all other groups. 

Differentiationn between pubertal and pre-pubertal subjects is not shown in table 1, as 

thiss would make the table very complicated. Instead, the proportion of pubertal subjects in 

eachh group is indicated. Anemia prevalence was 26.4% among pre-pubertal and 31.2% among 

pubertall  girls (NS), 24.8% among pre-pubertal and 16.1% among pubertal boys (p<0.001). 

Serumm retinol concentrations were <1.05 umol/L in 52.8% of pre-pubertal girls, 32.2% of 

pubertall  girls (p<0.005), 36.6% of pre-pubertal boys and 32.6% of pubertal boys (NS). These 

relationshipss of anemia and vitamin A deficiency with puberty by sex are similar to those 

foundd earlier (7,9) although prevalences were slightly different. 

Initiall  analysis of the impact of the interventions on Hb performed on the total study 

populationn revealed large differences between rural and urban subjects. Therefore, further 

analysiss was done separately for urban and rural subjects, and change in Hb was corrected for 

baselinee Hb (table 2). Initial Hb of rural boys but not girls was slightly lower than of their 

urbann peers (boys: 129 g/L vs. 131 g/L, p<0.001; girls 124 g/L vs. 125 g/L, p<0.10). In urban 

girls,, baseline Hb in the placebo group was similar to the other groups, while in rural girls, 

baselinee Hb was higher in the placebo group compared to the VA and VAFe groups (p<0.01). 

Overr time, Hb of urban boys and girls decreased. However, vitamin A with iron, and 

too a lesser extent vitamin A alone (and iron alone among girls), gave a partial but highly 

significantt protection against this general decrease in Hb. Results were similar when 

differentiatedd for pubertal or anemic status of urban girls: among pre-pubertal and among 

non-- anemic groups, all supplementation was effective but the VAFe group experienced a 

largerr effect than all other groups (p<0.0001). Anemic and pubertal urban girls benefited from 

vitaminn A with or without iron (p<0.01 and p<0.0001, respectively). Among urban boys, in 

non-anemic,, pubertal and pre-pubertal subgroups, vitamin A with iron was effective 

(p<0.0001,, p<0.05 and p<0.005, respectively), while among anemic boys, a similar trend was 

visiblee but this did not reach significance (data not shown). In contrast, although among rural 

subjectss Hb increased - with the exception of girls in the Fe group, there was no difference 

betweenn the supplementation groups and the placebo group. This remained the case when 

differentiatingg for anemia and pubertal status. Thus, no impact of the supplementation was 

foundd on Hb of rural subjects. 
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Tablee 2. Baselin e hemoglobi n concentratio n (Hb), and its chang e correcte d for baselin e 
concentratio nn for girl s and boys in urban and rura l school s  1'2 

Areaa Sex 

Urbann Girls 

Boys s 

Rurall Girls 

Boys s 

Group p 

P P 

VA A 

Fe e 

VAFe e 

P P 

VA A 

Fe e 

VAFe e 

P P 

VA A 

Fe e 

VAFe e 

P P 

VA A 

Fe e 

VAFe e 

n n 

231 1 

368 8 

407 7 

387 7 

186 6 

364 4 

342 2 

399 9 

59 9 

99 9 

93 3 

110 0 

94 4 

181 1 

190 0 

201 1 

Hemoglobinn concentration (g/L) 

Baseline e 

125.66 [124.1-127.2]ab 

123.77 [122.5-125.0]a 

126.33 [125.2-127.4]b 

125.66 [124.3-126.9]ab 

p<0.05 5 

132.66 [130.7-134.4] 

130.66 [129.4-131.8] 

130.44 [129.1-131.8] 

131.77 [130.4-132.9] 

NS S 

127.77 [124.2-131.2]b 

122.11 [119.9-124.2]" 

125.22 [123.0-127.5]ab 

122.88 [120.9-124.8]a 

FXO.01 1 

129.11 [126.2-132.1] 

128.66 [126.9-130.3] 

128.55 [126.7-130.3] 

129.11 [129.3-130.9] 

NS S 

Postt intervention 

115.55 [114.0-117.1]a 

118.44 [117.3-119.6]" 

118.44 [117.3-119.5]b 

120.99 [119.7-122.2]c 

fxO.001 1 

128.22 [126.3-130.1]ab 

128.99 [127.6-130.2]** 

126.44 [125.1-127.7]a 

131.55 [130.4-132.7]c 

fxO.001 1 

129.44 [126.7-132.2] 

125.66 [123.3-127.9] 

124.77 [122.1-127.3] 

126.77 [124.5-128.8] 

fxO.10 0 

137.44 [134.7-140.2] 

135.00 [133.1-136.9] 

134.00 [132.0-136.0] 

136.11 [134.3-138.0] 

NS S 

Change e 

-9.99 [-11.3--8.5]a 

-6.22 [-7.3- -5.1]"

-7.44 [-8.4- -6.3]b 

-4.55 [-5.5- -3.4]c 

fxO.001 1 

-3.66 [-5.2- -2.0]a 

-1.9[-3.1--0.8]b b 

-4.44 [-5.6- -3.2]a 

0.11 [-0.9-1.2f 

p<0,001 1 

3.88 [1.0-6.5] 

2.44 [0.3-4.6] 

0.11 [-2.1-2.3] 

3.22 [1.2-5.2] 

NS S 

8.55 [6.1-10.8] 

6.44 [4.6-8.1] 

5.44 [3.7-7.0] 

7.22 [5.6-8.8] 

NS S 

meann [95%CI]; NS = not significant 

Changess are estimated marginal means adjusted for baseline concentration by using a multiple analysis of 

variancee (MANOVA) with baseline concentration as covariate. 

^^ Significant differences between intervention groups in one area-sex group exist when none of the letters of 

thosee groups are the same (p<0.05, ANOVA with Bonferroni correction for post-hoc multiple comparisons for 

pre-- and post-intervention concentration; MANOVA for change) 

Thiss finding was confirmed by logistic regression analysis for the risk of being anemic 

afterr the intervention (table 3). The type of supplementation received did not enter the model 

forr rural subjects of either sex, in contrast to urban subjects. Urban girls had a lower risk of 

beingg anemic when they were in a higher grade and received supplementation, in particular 

withh vitamin A, alone or with iron, in addition to having a higher baseline Hb. The only factor 

reducingg the risk for rural girls was having a higher baseline Hb. Urban boys had a lower risk 

off  being anemic when they were taller, were in a higher grade, and had a higher baseline Hb. 

Forr rural boys, this risk was lower when, besides having a higher baseline Hb, they were in 

thee second grade, and had a lower BMI at the start of the intervention. 

Tablee 4 shows the change in serum retinol as assessed in a subsample, corrected for 

baselinee serum retinol concentrations as these were lower among urban girls and boys in the 

placeboo group compared to the VA group. Small increases were found among urban girls in 

thee VA and VAFe groups and among urban boys in the VAFe group, but these were not 
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Tablee 3. Odds ratio s (OR) [95% confidenc e interva l (CI)] fo r girl s and boy s in urba n and rura l 

areass to have a hemoglobi n concentratio n <120 g/L pos t intervention 1. 

Girls s 
OR R 

Urban(n=1393r r 
[95%% CI] p-value OR R 

Rural(n=361)2 2 

[95%% CI] p-value e 
Hbb at baseline (g/L) 
Intervention n 

P P 
VA A 

Fe e 
VAFe e 

Gradee in school 
1 1 
2 2 

3 3 

0.93 3 

1.00 0 
0.64 4 

0.70 0 
0.60 0 

1.00 0 
0.63 3 
0.60 0 

[0.92-0.94] ] 

[0.45-0.92] ] 
[0.50-1.00] ] 
[0.42-0.85] ] 

[0.47-0.84] ] 

[0.44-0.80] ] 

<0.0001 1 
<0.05 5 

<0.05 5 
<0.10 0 

<0.005 5 

<0.005 5 

<0.005 5 
<0.001 1 

0.933 [0.91-0.96] <0.0001 1 

Boys s 
OR R 

Urban<n=1291)' ' 
[95%% Ci] p-value 

Rurall (n=666)J 

ORR [95% CI] p-value 
Hbb at baseline (g/L) 
Heightt at baseline (cm) 
Gradee in school 

1 1 

2 2 

3 3 
Intervention n 

P P 
VA A 
Fe e 

VAFe e 
BMII at baseline (kg/m2) 
BMPheight t 

0.92 2 
0.96 6 

1.00 0 
0.46 6 
0.27 7 

1.00 0 
0.89 9 
1.24 4 
0.67 7 

[0.91-0.94] ] 

[0.94-0.98] ] 

[0.32-0.66] ] 
[0.17-0.42] ] 

[0.54-1.46] ] 

[0.77-2.01] ] 
[0.41-1.11] ] 

<0.0001 1 
<0.0001 1 
<0.0001 1 

<0.001 1 
<0.001 1 

<0.05 5 

NS S 

NS S 
NS S 

0.93 3 
1.07 7 

1.00 0 
0.42 2 
0.63 3 

1.41 1 
1.00 0 

[0.91-0.96] ] 
[0.78-1.47] ] 

[0.23-0.78] ] 
[0.30-1.33] ] 

[0.08-23.86] ] 
0.98-1.02 2 

<0.0001 1 
NS S 

<0.05 5 

<0.01 1 
NS S 

NS S 

NS S 

Variabless that were available for all models but did not enter any were age, puberty, weight, and nightblindness. 
NSS = not significant 

22 Forward entrance into the multiple logistic regression model. P-value for entrance was <0.10. 
33 Because the interaction between height and BMI entered the model with forward entrance (p<0.0005), the 

analysiss was repeated with forced entrance into the multiple logistic regression model of these variables and the 
otherr variables that had entered the model. 

significantlyy different from the changes in the other treatment groups. As with Hb, no impact 

off  the interventions was found on serum retinol concentration among rural subjects. 

Thee risk of having a serum retinol concentration <1.05 umoI/L after the intervention is 

shownn in table 5. For urban girls this risk was determined solely by their baseline serum 

retinoll  concentration. Rural girls had a lower risk if they were in a higher grade and had a 

higherr baseline serum retinol concentration. Urban boys had a lower risk when they received 

vitaminn A and iron supplementation and had a higher serum retinol concentration at baseline. 

Forr rural boys, this risk was lower when, besides having a higher baseline serum retinol 

concentration,, they were in a higher grade. 

Theree was a significant relationship between reported side effects and reported 
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Tablee 4: Baselin e seru m retino l and mean chang e in seru m retino l correcte d for baselin e seru m 

retino ll  concentratio n  1'2 

Area a Sexx Group n Baseline e 
Serumm retinol concentration (umol/L) 

Postt intervention Change e 

Urban n 

Rural l 

Girls s 

Boys s 

Girls s 

Boys s 

p p 

VA A 

Fe e 

VAFe e 

P P 

VA A 

Fe e 

VAFe e 

P P 

VA A 

Fe e 
VAFe e 

P P 

VA A 

Fe e 

VAFe e 

47 7 

65 5 

70 0 

74 4 

31 1 

80 0 

61 1 

72 2 

20 0 

22 2 

19 9 
22 2 

49 9 

28 8 

26 6 

40 0 

1.111 [1.01-1.21]* 
1.388 [1.27-1.49]b 

1.222 [1.11-1.32] ab 

1.300 [1.19-1.42] ^ 

fxO.05 5 

1.088 [0.97-1.18]a 

1.366 [1.26-1.46]b 

1.255 [1.13-1.36] ab 

1.322 [1.21-1.42] ab 

p<0.05 5 

1.222 [1.03-1.41] 

1.066 [0.91-1.21] 

1.200 [1.02-1.38] 

1.311 [1.11-1.50] 

1.299 [1.17-1.42] 

1.222 [1.05-1.38] 

1.177 [1.04-1.31] 

1.366 [1.19-1.52] 

1.177 [1.06-1.29] a 

1.522 [1.38-1.65] b 

1.288 [1.18-1.38] a 

1.399 [1.28-1.50] ab 

fXO.005 5 
1.177 [1.04-1.30] a 

1.477 [1.35-1.58] ab 

1.388 [1.23-1.54] ab 

1.566 [1.43-1.68] b 

fxO.01 1 

1.45(1.25-1.65] ] 
1.466 [1.27-1.64] 

1.522 [1.09-1.95] 

1.49(1.36-1.63] ] 

1.499 [1.38-1.60] 

1.455 [1.31-1.59] 

1.388 [1.21-1.56] 
1.533 [1.40-1.66] 

-0.011 [-0.12-0.11] 

0.199 [0.09-0.28] 

0.044 [-0.05-0.14] 

0.100 [0.01-0.20] 

0.033 [-0.13-0.19] 

0.133 [0.03-0.22] 

0.133 [0.01-0.24] 

0.255 [0.15-0.35] 

0.244 [0.02-0.45] 

0.344 [0.13-0.55] 
0.322 [0.09-0.54] 

0.233 [0.02-0.44] 

0.211 [0.11-0.30] 

0.211 [0.08-0.33] 
0.166 [0.03-0.29] 

0.222 [0.11-0.32] 

meann [95%CI]; NS = not significant 
Changess are estimated marginal means adjusted for baseline concentration by using a multiple analysis of 

variancee {MANOVA) with baseline concentration as covariate. 
^^ Significant differences between intervention groups in one area-sex group exist when none of the letters for 

thosee gfoups are the same (p<0.05, ANOVA with Bonferroni correction for post-hoc multiple comparisons) 

compliancee among both girls and boys. Of the girls who indicated that side effects (gastro-

intestinal,, taste and smell) were the main reason for non-compliance (8.8% of 236 girls), only 

31.6%% reported having taken at least 75% of tablets compared to 70.0% of those without side 

effectss (p<0.005). Among boys, only 4.2% of 250 interviewed boys complained about side 

effects.. Of these, 20.0% reported taking at least 75% of tablets compared to 67.1% of those 

whoo did not complain of side effects (p<0.005). Although virtually all subjects reported 

identicall  compliance for both tablets they were given, the trend of lower self-reported 

compliancee in the Fe and VAFe groups compared to the placebo and VA groups (data not 

shown)) is suggestive of lower compliance with iron compared to placebo, presumably due to 

sidee effects. 

Subjectss in grades two and three had participated in a previous study which used non-

sugar-coatedd iron tablets with a high level of reported side effects (41% among girls and 24% 

amongg boys) (9). To assess whether this previous experience influenced the impact of the 

currentt intervention, the change in Hb, differentiated per grade and corrected for baseline Hb, 

iss shown in table 6. As no impact was found in rural girls or boys, only data on urban subjects 
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Tablee 5. Odds ratio s (OR) [95% confidenc e interva l (CI)] for girl s and boy s in urba n and rura l 

areass to have a seru m retino l concentratio n <1.05 umol/ L pos t intervention. 1 

Girls s 

Baselinee serum retinol (umol/L) 
Agee at baseline (y) 
Gradee in school 

1 1 
2 2 

3 3 

Boys s 

Baselinee serum retinol (umol/L) 
Pubertyy status at baseline 
Heightt at baseline (cm) 
Weightt at baseline (kg) 
BMII at baseline (kg/m2) 
Gradee in school 

1 1 
2 2 
3 3 

Intervention n 
P P 
VA A 
Fe e 

VAFe e 

OR R 

0.06 6 

OR R 

0.08 8 
0.54 4 

0.99 9 
0.97 7 

1.00 0 
0.56 6 
1.48 8 
0.33 3 

Urbann (255) 'e 

[95%% CI] 

[0.02-0.16] ] 

Urbann (244)3 

[95%% CI] 

[0.03-0.23] ] 
[0.26-1.12] ] 

[0.93-1.06] ] 
[0.90-1.03] ] 

[0.20-1.54] ] 
[0.55-3.99] ] 

[0.11-0.96] ] 

p-value e 

<0.0001 1 

p-value e 

<0.0001 1 
<0.10 0 

NS S 
NS S 

<0.01 1 

NS S 
NS S 

<0.05 5 

OR R 

0.00 0 
2.12 2 

1.00 0 
34.55 5 
26.70 0 

OR R 

0.04 4 

0.95 5 

0.79 9 

1.00 0 
3.96 6 
5.98 8 

Rurall (83) 

[95%% CI] 

0.00-0.11 1 
0.78-5.75 5 

[1.81-657.67] ] 
[1.31-543.13] ] 

Rurall (143) 3 

[95%% CI] 

[0.01-0.32] ] 

[0.87-1.03] ] 

[0.52-1.19] ] 

[1.01-15.5] ] 
[1.11-31.2] ] 

p-value e 

<0.005 5 
NS S 

<0.10 0 

<0.05 5 
<0.05 5 

p-value e 

<0.005 5 

NS S 

NS S 
<0.10 0 

<0.05 5 
<0.05 5 

Variabless that were available for all models but did not enter were age, puberty, weight, height, BMI, 
nightblindnesss and vitamin A intake from plant and animal sources; NS - not significant; P=placebo; 
VA=vitaminn A; Fe=iron 

forwardd entrance into the multiple logistic regression model. P-value for entrance was <0.10. 
33 Because the interactions between height and weight (urban; p<0.05) and between height and BMI (rural; p<0.05) 

enteredd the models with forward entrance, the analyses were repeated with forced entrance into the multiple 
logisticc regression model. 

aree shown in this table. Girls in the first and second grades benefited from vitamin A in 

combinationn with iron, while among third graders, vitamin A alone, but not with iron, was 

effectivee in protecting against decrease in Hb. This is in sharp contrast with the expectation 

that,, as anemia prevalence increased significantly per grade (from 17.4% in the first grade to 

39.3%% in the third grade; p<0.001), the addition of iron would be more effective in third 

graderss compared to first graders. The same trend remained visible when only pubertal girls 

weree considered (data not shown). Among boys, iron alone was effective in grade one, while 

aa non-significant increase in Hb was found in the VAFe group in grades two and three. 
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Tablee 6. Impact of interventio n on Hb, correcte d forr  baselin e Hb (g/L), for urban girl s and boys , 
byy grade in school 1'2 

Group p 

P P 
VA A 

Fe e 
VAFe e 

P P 

VA A 
Fe e 

VAFe e 

N N 

70 0 
137 7 

181 1 
78 8 

52 2 
124 4 

160 0 
74 4 

Gradee 1 

Changee in Hb (g/L) 

-14.3[-16.8;-11.8]a a 

-12.11 [-13.9;-10.3f 
-10.9[-12.5;-9.4]a a 

-5.5[-7.8;-3.1]b b 

p<0.0001 1 
-12.7[-15.6;-9.7]a a 

-8.3[-10.3;-6.4]ab b 

-7.77 [-9.4;-6.0]b 

-7.33 [-9.8;-4.8] ab 

p<0.05 5 

N N 

72 2 

88 8 
146 6 

160 160 

69 9 

73 3 
122 2 
193 3 

Gradee 2 

Changee in Hb (g/L) 
a a 

-4.66 [-6.6;-2.6]ab 

-6.55 [-8.0;-4.9]a 

-2.7[-4.2;-1.2]b b 

p<0.0005 5 

-1.22 [-3.5:1.1]* 
-0.88 [-3.0:1.5] ab 

-2.66 [-4.4;-0.9]a 

1.99 [0.6-3.3] b 

p<0.001 1 

N N 

89 9 

143 3 
80 0 

149 9 

65 5 
167 7 

60 0 
132 2 

Gradee 3 

Changee in Hb (g/L) 

-7.33 [-9.6;-5.0]a 

-1.6[-3.4;0.3]b b 

-3.5[-5.9;-1.0]ab b 

-4.77 [-6.5;-2.9]ab 

p<0.005 5 
1.22 [-1.4;3.8] 

1.88 [0.2:3.5] 
0.33 [-2.4:3.0] 
2.33 [0.5:4.2] 

NS S 
11 mean [95%CI]; NS = not significant 
22 Changes are estimated marginal means adjusted for baseline concentration by using a multiple analysis of 

variancee (MANOVA) with baseline concentration as covariate 
abcc Significant differences exist between intervention groups in one sex-area group when none of the letters are 

thee same (p<0.05, MANOVA) 

DISCUSSION N 

Thiss study was a follow-up to a previous study, which found no effect of weekly 

supplementationn with vitamin A and iron/folate (9). This was presumed to be largely due to 

loww compliance. Therefore, adjustments to the study design were made as described in the 

introduction.. The dose of vitamin A was increased to 20,000 IU in concurrence with 

internationall  recommendations for safe supplementation of pregnant women (16). The iron 

dosee was not changed as a weekly dose of 60 mg elemental iron has been shown to be safe 

andd efficacious in adolescent girls (6) and increasing the dose would lead to more side effects 

(21).(21). Although efficacy studies of weekly iron and vitamin A supplementation showed an 

increasee in adolescent girls' Hb and serum retinol concentrations in only 12 weeks (6,15), 

poorr compliance reduced the effectiveness in the previous study (9). Therefore, 

supplementationn was given for as long as possible within the schools' schedules, as would be 

donee in a program. 

Amongg urban girls, all supplementation regimes led to a partial but highly significant 

protectionn against the decrease in Hb compared to the placebo group, while among urban 

boys,, this was the case for vitamin A alone or with iron. In both sexes, the combination of 

vitaminn A and iron was most effective, which is not surprising in view of the high prevalence 

off  marginal vitamin A concentrations. 

Despitee the lack of impact of the intervention among rural subjects, their Hb 

increased,, while it decreased among urban subjects. This study coincided with the economic 

crisiss that hit Indonesia in the mid-1997 and reached its worst point in early 1998 with a 
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seven-foldd devaluation of the rupiah. This resulted in increased prices of high-quality foods, 

suchh as meat, eggs and fortified foods. The ensuing household food-insecurity (22) led to 

decreasedd intake of foods rich in retinol and heme-iron. The consequent increase in the 

prevalencee of both protein-energy and micronutrient malnutrition (23,24) affected urban 

populationss with low socio-economic status more than rural and more affluent populations 

(25). (25). 

Inn contrast to the urban subjects, no impact of the supplementation on Hb was found 

amongg rural subjects. As the study design was identical, it is hypothesized that compliance 

amongg rural subjects was lower. No objective assessment of compliance was possible as pill 

countingg devices were not available and examining stool samples for iron content was not 

feasible.. Self-reported compliance is not a reliable tool on an individual basis (9,26,27), but it 

cann give an indication of compliance at population level. The subjects in the subsample 

mentionedd earlier were interviewed about side effects and compliance. Of the subsample of 

rurall  girls (n=361), 56.9% reported having taken at least 75% of the tablets they were to take 

withoutt supervision, compared to 69.7% of urban girls (p<0.10). Among boys, percentages 

weree 53.8 and 70.6, respectively (p<0.05). 

Similarr urban-rural differences in the same area were found by the Health and 

Nutritionn Surveillance System (NSS) conducted by Helen Keller International and the 

Governmentt of Indonesia. Urban women (n=756) reported to have taken 100% [100%-100%] 

(mediann [25th -75th quartile]) of the 90 [50-180] iron tablets they received during their most 

recentt pregnancy, compared to rural women (n=593) who reported taken 100% [83.3-100.0%] 

off  66.5 [30; 150] iron tablets received (p<0.005; unpublished observations, HKI Indonesia). 

Thiss leads to the conclusion that actual compliance was in fact lower among the rural 

adolescentss compared with their urban peers. 

Thee lack of effect of the supplementation on serum retinol concentration is difficult to 

explain.. Most probably, the interval between ingestion of the last supplement and blood 

samplingg (in some cases up to several weeks) was too long compared to the dose to observe 

ann increase in serum retinol concentration (28). Subjects in this study were only marginally 

deficientt and it is assumed that the vitamin A was stored in the liver, rather than remaining in 

thee circulation. Another possible explanation is that the subsample on which serum retinol 

concentrationn was assessed was, by chance, not representative of the total study population, 

eitherr with respect to micronutrient status or level of compliance. 

Veryy few studies have been performed to assess the impact of a combination of 

weeklyy iron and vitamin A supplementation on Hb and serum retinol concentration of 

adolescents.. Of these, Angeles-Agdeppa et al (6) compared daily and weekly supplementation 

usingg different dosages, and found weekly 60 mg iron with 500 ug folic acid and 20,000 IU 

vitaminn A efficacious in increasing Hb, serum ferritin and serum retinol concentrations of 
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girlss with an acceptable level of side effects. Ahmed et al (15) found weekly iron/folate (120 

mgg and 350 ug, respectively) with approximately 8,000 IU vitamin A for 12 weeks to be 

efficaciouss in increasing adolescent girls' Hb, serum ferritin and retinol concentrations. 

However,, both these studies are not comparable to the one presented here, as their subjects 

weree older, were all post-menarcheal, had much lower serum retinol concentrations, and, in 

thee latter study, were all anemic. To our knowledge, no comparable studies among boys are 

available. . 

Thee proportion of subjects who complained of side effects was greatly reduced 

comparedd to the previous study which did not use sugar-coated iron tablets. Then, 41.4% of 

girlss and 24.3% of boys complained of side effects, compared to only 8.8% and 4.4%, 

respectively,, in the present study. This, together with the absence of impact in the previous 

study,, while in the current study vitamin A with iron reduced the decrease in Hb among urban 

boyss and girls, and increased serum retinol concentration of urban boys, illustrates the 

importancee of side effects in determining compliance, and thus the effectiveness of 

supplementation. . 

Becausee in the present study all subjects took two tablets, it was not possible for them 

too differentiate between side effects of the individual tablets, nor did they report a difference 

inn compliance with regard to the two tablets they were given. However, there was a trend of 

lowerr compliance in the Fe and VAFe groups, most probably related to side effects of the 

actuall  iron supplement. This could be part of the explanation for the lack of effect of VAFe on 

serumm retinol concentration of girls, while it did have an effect on their Hb as well as on Hb 

andd serum retinol concentration of boys. Considering the higher prevalence of marginal 

vitaminn A deficiency among girls, poorer compliance may have interfered more with the 

effectt on serum retinol concentration among girls compared to boys. Some girls confessed 

theyy had never even tried taking the 'red' (iron/folate) tablets, because of negative 

experiencess with 'red' (iron/folate) tablets in the previous study (9). This is in line with the 

lackk of benefit to urban girls in grade three of supplementation with vitamin A and iron 

despitee their higher anemia prevalence and illustrates the importance of ensuring a low level 

off  side effects from the start of an intervention. 

ConclusionsConclusions and Recommendations 

Anemiaa and marginal vitamin A deficiency co-exist and are highly prevalent among 

adolescentt boys and girls. Although this suggests the presence of multiple micronutrient 

deficiencies,, prevalence data in adolescents is virtually non-existent. Weekly supplementation 

withh vitamin A and iron/folate for 22 weeks through the school system was effective in giving 

aa small but highly significant protection against Hb decrease in urban subjects. However, 

anemiaa prevalence was not greatly reduced. Thus, supplementation should be given as a long 
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termm intervention. The supplementation with vitamin A and iron/folate also somewhat 

protectedd urban boys but not girls against marginal vitamin A deficiency. Compliance was 

improvedd by using better quality tablets, but remained sub-optimal, particular in rural 

subjects.. Teachers' active involvement remained very limited despite improved 

communication. . 

Thee authors therefore strongly recommend long-term weekly supplementation with 

high-qualityy tablets containing at least iron, folic acid and vitamin A for adolescent boys and 

girlss which can be implemented through schools. Operations research is called for to 

understandd factors related to adolescents' compliance, taking sex- and urban-rural differences 

intoo account, but this could be implemented within the framework of monitoring and 

evaluationn of a widespread supplementation program for adolescents. 
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