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Abstract 

Iron deficiency anemia (IDA) is a major public health problem in developing countries. 

The developmental changes that occur during puberty and the onset of menstruation increase 

requirements for iron and other micronutrients. IDA may affect school performance and 

physical work capacity in non-pregnant adolescents, and increase the risk of anemia during 

subsequent teenage pregnancies. We conducted a double-blind randomized placebo-controlled 

trial of the effect of weekly iron (120 mg elemental iron) and vitamin A (25,000 IU) supple

mentation on hemoglobin concentrations, nutritional parameters, malaria and non-malaria 

morbidity, cognitive function, and school performance in 279 adolescent schoolgirls in western 

Kenya. In menstruating schoolgirls, 21 weeks of iron supplementation was associated with a 

11.5 g/L greater increase in hemoglobin concentrations relative to iron-placebo (P<0.0001). 

The effect of iron was independent of the effect of vitamin A and vice versa. No effect was evi

dent in girls pre-menarche. No significant increase in hemoglobin was seen with weekly vitamin 

A, alone, or combined with iron (1.4 g /L, P = 0.329). No effect of iron or vitamin A was seen 

on nutritional parameters. Iron supplementation was associated with a higher incidence of 

malaria parasitemia (rate ratio 1.43 [95% CI1.1 5-1.79]), but vitamin A was not (rate ratio 1.08 

[95% CI 0.86-1.35]). However, iron was not associated with an increased risk of clinical malar

ia or other infections. Iron supplementation had no beneficial impact on cognitive function or 

school performance. Weekly iron supplementation is effective in increasing hemoglobin concen

tration in menstruating adolescent schoolgirls in this area in western Kenya and is likely to out

weigh any potential associated adverse effects caused by increased risk of malaria. 



Introduction 

Anemia, including iron deficiency anemia, remains one of the most widespread public health 

problems in developing countries, with preschool children and pregnant women most severely 

affected.' During early adolescence, requirements of iron and other micronutrients, including 

vitamin A, increase considerably due to die rapid expansion of total blood volume and increase 

in lean body mass during die growth spurt, and following the onset of menstruation.2 In settings 

where additional risk factors of anemia (e.g. malaria & hookworm) prevail and nutritional in

take is inadequate, adolescents are at significant risk of developing anemia, with or without iron 

deficiency. The prevalence of anemia in adolescent girls in sub-Saharan Africa is estimated to 

be around 40%. ?-4 

Adverse consequences of anemia and iron deficiency range from severe morbidity to more 

subtle effects on physical work capacity, and deficits in cognitive development and potentially 

school performance.5 7 Pre-pregnancy hemoglobin level and iron status are also important 

determinants of the risk of anemia related morbidity and mortality during pregnancy.8 10 

Furthermore, iron deficiency may be associated with retarded growth, which in turn may be 

associated wim obstructed labour due to cephalopelvic disproportion." Vitamin A requirements 

also rise significantly during puberty reflecting the role of this nutrient in sexual maturation.12 

Vitamin A deficiency, even when subclinical, may cause anemia through the modulation of iron 

metabolism as reviewed by Semba and Bloem.13 Randomized trials in anemic subjects have 

shown that vitamin A added to iron supplementation gave better hematological response than 

iron alone. 1 4 1 6 Conversely iron supplementation has been associated with a redistribution of 

vitamin A in infants with marginal vitamin A status leading to lower plasma vitamin A concen

trations and simultaneously to greater vitamin A liver stores, which might induce vitamin A 

deficiency.17 Low vitamin A stores have also been associated with menstrual irregularities,18 

possibly through its role as a cofactor in the regeneration of die endometrial layer and regulation 

of fibrinolytic enzymes within the endometrium.19 '20 When intake of vitamin A is marginal, 

menstruation may be negatively effected and menorrhagia may contribute to anemia. Vitamin A 

deficiency is also recognized to play a role in growdi, development and the functioning of the 

immune system.4 

There is a long-standing controversy about the safety of iron supplementation in malaria 

endemic areas. Whereas iron deficiency causes a number of biochemical abnormalities and 

impaired cell mediated immunity with increased susceptibility to infections,21 concerns have 

also been raised that hvperferremia resulting from iron therapy, may exacerbate infections, 

in particular malaria.22 Because vitamin A supplementation raises serum iron this might also 

increase susceptibility to infection. On the other hand vitamin A supplementation in deficient 

individuals may boost the immune response and has been shown to provide protection against 

a number of infections.2!-24 High dose vitamin A supplementation has been shown to reduce die 
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number and severity of clinical malaria attacks in two trials25-26 but not in another.27 

School based interventions in adolescent girls offer an opportunity to combat iron deficiency, 

anemia and stunting before pregnancy.2 We conducted a randomized placebo-controlled trial 

to determine the effect of weekly supplementation with iron alone, vitamin A alone or the com

bination of the two, on hemoglobin concentrations, growth, cognitive function and school per

formance in adolescent schoolgirls in western Kenya. We also determined whether the addition 

of vitamin A has the potential to decrease or neutralize any adverse effects of iron supplemen

tation on morbidity both from malaria and other infections. 

Methods 

Study area and population 

This study was conducted between April 1998 and November 1998 in the city of Kisumu, 

located on the shores of Lake Victoria, in Nyanza Province, western Kenya. Kisumu is the third 

largest city in Kenya with a population of -320,000. Most inhabitants are from the Luo tribe 

followed by the Luhya and the Kisii. Most urban people work as casual laborers in the informal 

sector, but some work in the industry or small businesses sector. 

Malaria transmission in this area is largely uncharacterized, but is perennial with highest 

transmission during peak rainfall from April—July and October—December. Exposure to infective 

mosquitoes is likely to vary from the city center to die peri-urban areas as entomological inocu

lation rates are dependent on level of urbanization and socio-economic factors.28 A recent study 

of pregnant women attending the hospital antenatal clinic reported an overall parasitemia preva

lence in teenage pregnancies of 2S%.2 9 Chloroquine resistance is widespread; in the early 1990's, 

75% of patients with acute P. falciparum infections treated widi the standard 25 mg/kg regimen 

had RII/RIII type responses.30 HIV infection is highly prevalent and approximately 26% of 1 5 

to 19 year old girls are estimated to be infected.51 A recent study of vitamin A status conducted 

in a rural area 60 km north-west of Kisumu found the prevalence of sub-clinical vitamin A de

ficiency (serum retinol s 70 u.mol/L) to be 55.2% and 17.5% in preschool and primarvschool 

girls, respectively, and none with signs of xerophthalmia.32 Detailed information on the nutri

tional status of adolescents or young children in Kisumu is lacking. 

Study design and recruitment 

This study was a double-blinded, randomized placebo-controlled trial with a 2x2 factorial design. 

After consent was obtained from the parents-teachers associations of 14 public primary schools 

within the Kisumu municipality, all girls between 12 and 18 years-of-age were screened for the 

presence of anemia using a portable Hemocue system (HaemoCue AB, Angelholm, Sweden). 

Girls with mild to moderate anemia (hemoglobin 70 - 120 g/L) were subsequently enrolled 6 



to 8 weeks later. On enrollment a questionnaire was completed and a physical examination 

performed. A repeat finger-prick blood sample was also taken (details below). A pregnancy test 

was conducted for girls with a history of delayed menstruation. Any girls with severe anemia 

(Hb <70 g/L) or evidence of severe vitamin A deficiency (i.e. signs of xerophthalmia), who were 

pregnant or had concomitant disease requiring hospitalization were excluded from the study 

and referred for further health care free of charge. 

Randomization and blinding 

Each schoolgirl was assigned a study code in numerical order of recruitment. A balanced block 

randomization scheme (N = 12) was used to randomly assign each girl to one of four supplemen

tation groups. Study drugs and placebos were manufactured bv Laboratory and Allied Limited 

(Nairobi, Kenya) and the key to die study and placebo drugs revealed to the investigators only 

alter completion of the study. 

Interventions 

Enrolled girls were randomly assigned to be given one of the following supplementations; 1) iron 

and vitamin A, 2) iron and placebo vitamin A, 3) vitamin A and placebo iron or, 4) placebo iron 

and placebo vitamin A (double placebo). Iron supplementation consisted of 120 mg elemental 

iron in the form of two 200 mg ferrous-sulphate tablets given once weekly on the same day. 

Because the teratogenicity of vitamin A precludes the use of large single doses (e.g. 200,000 i.u.) 

in potentially sexually active adolescent girls, a relatively low weekly dose o( vitamin A was given, 

which is considered safe in the first trimester of pregnancy and consisted of 25,000 i.u. (8.3 mg) 

retinol in the form of a gelatin capsule given once weekly.3i All schools were visited weekly by a 

study nurse for approximately two school terms for the supervised administration of study drugs. 

If girls were absent on die day of die visit, study drugs were left with the teachers widi die instruc

tion to give die drugs when girls returned to school. Supervised supplementation was not possible 

during a 3-week leave period between two school terms and a 2-week teachers strike. Instruc

tions were given to the girls to take the study drugs at home and following the return to school. 

Follow-up 

The study was initially designed to include a 24-week intervention period, but because of a 

delayed start, the tail end of die intervention period would have fallen in the school examina

tions weeks. Following the request from teachers the protocol was therefore amended to a 21-

week intervention and follow-up period. Study girls were each seen five times during this peri

od at approximately 4-weekly intervals and at the end of the intervention period: 4, 8, 1 3, 16 

and 21 weeks after the start of supplementation. The 12 week follow-up visit was delayed with 

1 week because of school holidays. At each follow-up visit a blood sample (for hemoglobin con

centration and malaria smear) was taken, a questionnaire (including medical history, menstrual 
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history, history of potential side effects and use of medication in die prior month) was completed 

and a basic physical examination was performed (including clinical impression, skin rash and 

axillary temperature). Anthropometric measurements were taken at baseline, at 1 3 weeks and 

at the final follow-up visit (21 weeks). 

At each weekly supplementation visit girls were seen by the study-nurse. Girls with symp

tomatic illness detected at the weekly visits were referred to a dedicated study pediatrician. 

Each girl was given a health passport and girls suspecting illness could report directlv to this 

clinic at no cost. The study pediatrician filled in a dedicated study form that was used for 

passive surveillance. 

Laboratory methods 

After collection of each finger-prick sample, whole blood was transported in cooler boxes to 

a central laboratory at the Kenya Medical Research Institute in Kisian, 10 km from Kisumu. 

In Kisian, blood cells and plasma were separated and stored at -20°C, and subsequently at -70°C 

until further processing. A Coulter Counter (Model M530, Coulter Electronics Limited, Luton, 

England) was used to determine hemoglobin concentration (Hb). Daily control samples were 

run to determine the daily coefficient of variation, which never exceeded 7%. 

Thick blood smears were stained with Giemsa and examined for the presence of malaria 

parasites with a xlOO oil-emersion objective. Parasites and leukocytes were counted in the same 

fields until 300 leukocytes were counted. Parasite densities were estimated using an assumed 

leukocyte count of 8,000 leukocytes per mm1 of blood. Slides were considered to be negative 

if no asexual parasites were found in 200 ocular fields of the thick smear. 

Anthropometric data 

Measurements of height and weight were performed according to standard W H O procedures.34 

Weight was measured to the nearest 0.1 kg on a battery powered digital scale (Seca, Inc, 

Columbia, MD) and heights to the nearest 0.1 cm using a wooden length-measuring board 

with sliding head bar. '4 All measurements were taken twice and the average computed. Sexual 

maturation was assessed using a modified Tanner score based on the assessment of breast 

development only.33 

Height-for-age and weight-for-age z-scores were obtained using the 1978 C D C / W H O nor

malized version of the 1977 NCHS reference curves3 6 in Epi Info (version 2000; CDC, Atlanta, 

GA, USA). Body mass index (BMI) was calculated as weight/(height2). 

Cognitive function, school performance and attendance 

Cognitive function was assessed by the Rev Auditory Verbal Learning Test (RAVLT)37 and the 

deVilliers/Brandt Cancellation Test. The RAVLT is a categorised 1 S word list with 7 free recall 

trials, designed to test verbal learning and immediate memory span. Participants are read the 



same list of words 5 times and each time are asked to repeat as many words as they recall (recall 

trial). Subsequently, a second list of words is read and participants are again asked to recall as 

many words as they can. Finally, the participants are asked to name as many words from the first 

list as thev can recall. The test is scored by counting total number of correctly recalled words 

after 5 recall trials and the difference between trial 5 and 7. Recall after trial 3 is not normally 

scored,37 however, we did asses this endpoint to allow comparison with a recent supplementa

tion study assessing cognitive effects of iron which reported total recall score after 3 recall trials 

as the endpoint of an auditory verbal learning test, similar to the one used in this study.6 

The deVilliers/Brandt Cancellation Test is a timed tesl of visual scanning, target detection and 

cancellation; participants are given a form with 300 figures of 4 different types (squares, stars, 

circles and triangles), 4 different colours (red, blue, yellow and green) and 2 different sizes 

(big and small). They are asked to strike out all the figures of one type, size and colour as quickly 

as they can.The test is repeated two more times with different tasks. All girls were tested 3 

times; approximately 1 week before the start of supplementation, at 13 weeks and towards the 

end of the intervention period. On every occasion the tests were administered individually by 

the same specifically trained study nurse. 

At the end of the supplementation trial teachers were given forms to record school perfor

mance and attendance for all participating girls. Class rank, attendance and exam scores for 

each subject in the curriculum were recorded for three trimesters: one trimester pre-intervention 

(baseline), and the two trimesters during the intervention. For each girl the exam scores for the 

different subjects were combined in one summary score per trimester. 

Definitions 

Anemia and severe anemia were defined as hemoglobin concentrations <120 g/L and <70 g/L, 

respectively. Malaria parasitemia was defined as the presence of asexual stage parasites 

(anv species) in the thick smear. High-density parasitemia was defined as >500 parasites/mm'. 

Symptomatic malaria was defined as the presence of malaria parasitemia with concurrent fever 

(axillary temperature a37.5°C). Stunting and severe stunting were defined as hcight-for-age 

z-scores 2 and 3 standard deviations below the reference median.38Thinness was defined as 

BMI-for-age below the 5th percentile for that age using the NHANES I reference population.38 

Sample Size 

We estimated that a sample size of 220 participants (55 per arm) would be sufficient to detect 

a 5 g/L difference in the mean change in hemoglobin between the supplementation groups 

bv the end of the intervention period, with 90% power and 95% confidence, anticipating 20% 

drop out and assuming a standard deviation of the mean Hb level of 8 g /L. This same sample 

size would also allow the detection of a 2 cm difference in the increment of height between the 

groups with 90% power and 95% confidence assuming a SD of <3.2 cm. 
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Statistical methods 

Data forms collected in the field were entered in Clarion™, with built-in range and error 

checks. Data was entered twice, checked for consistency and corrected. All analyses were 

conducted in SAS (Statistical Application Software Institute, version 8.02, Cary, NC). Analyses 

were done on an intention to treat basis. 

Sample specific z-scores were calculated from smoothed reference curves for height, 

weight and BMI estimated by maximum penalized likelihood using the LMS method ï 9 with 

an LMS software package (Tim Cole, die Institute of Child Health, London, UK). To meet the 

normality assumption for parametric analysis, these sample specific z-scores were used as the 

nutritional endpoints. 

Baseline differences in proportions between groups were assessed using the Cochran-Mantel-

Haenszel Chi-square test. Fischer's exact test was used for rare outcomes. Normally distributed 

continuous outcomes, at baseline and final follow-up, were compared by ANOVA. Data not 

conforming to a normal distribution were compared by the Kruskal-Wallace test. 

Change in mean hemoglobin concentration, height-for-age, weight-for-age and BMI-for-age 

z-scores after 21 weeks of supplementation were assessed using repeated measures analysis. 

The restricted maximum likelihood method of estimation was implemented using Proc Mixed 

in SAS 8.02 to account for within subject correlation. To take any difference in effect of supple

mentation between schools into account, school was entered as a random effect, creating a hier

archical generalized linear model.40 Factors at baseline were introduced into the initial model 

individually to assess possible confounding and/or effect modification. Least squares means at 

21 weeks are reported for a child with the global mean of each outcome at baseline. The inter

action between the effects of iron and vitamin A was tested using the -2 log likelihood ratio 

test. Because the interaction term was not significant in any of the models, the main effect of 

iron while adjusting for the effect of vitamin A, and vice versa, was estimated by fitting models 

similar to the one presented above, but without the interaction term. Prevalence ratios of dif

ferences in anemia and school exam pass/fail rates between supplementation groups at final 

follow-up were assessed by log binomial regression in Proc Genmod in SAS, adjusting for base

line prevalence and clustering in schools. 

Differences in geometric mean parasite density between supplementation groups over the 

course of the study period were assessed by a similar repeated measures model as above (Proc 

mixed) and are reported as ratios. The incidence rates of malaria parasitemia, history of illness 

due to malaria or all causes, and irregular or heavy menstruation in the month prior to survey 

were calculated based on time up to the episode, the end of the main intervention period or 

loss to follow-up. All parasitemia events were counted, regardless of status at prior follow-up. 

Each episode detected at the 4-weekly visits was considered a new episode. Observation time 

and events occurring within 28 days of a treated malaria episodes at the clinic were excluded 

from analysis of the incidence of parasitemia. Rate ratios for incidence of malaria and clinical 



outcomes were obtained from a poisson regression model (Proc Genmod), controlling for 

confounding factors and adjusting for the cluster effect of school. 

Change in mean cognitive function and school performance scores at final follow-up were 

assessed by a repeated measures model, adjusting for baseline values, similar to the one 

described above (Proc mixed). Prevalence ratios ot differences in school exam pass/fail rates 

between supplementation groups at final follow-up were assessed bv log binomial regression 

(Proc Genmod), adjusting for baseline prevalence and clustering in schools. Differences in 

RAVLT learning curves, assessing performance across recall trials, were assessed at 21 weeks 

using a repeated measures generalized linear model (Proc Mixed) with recall trial as repeated 

measure, adjusting for the baseline learning curve and for clustering in schools. 

Results 

A total of 1615 girls aged 12 to 18 years were screened in 14 schools during a six-week period 

in April and May 1998. 350 (21.7%) girls were found to have mild/moderate anemia (70 g /L 

s Hb <120 g/L) . Only 6 (0.4%) girls had severe anemia (Hb <70 g/L). Overall 40.6% of the 

girls screened had started menstruating (post menarche). Post-menarcheal girls were cqually 

likely to be anemic as girls who had not yet started menstruating (25.4% vs. 22.2). 

Of the 350 anemic girls 279 were enrolled in one of the four supplementation arms 6 to 8 

weeks following screening. Of the remaining 71 girls not enrolled, 30 were from schools with 

less then 10 anemic girls per school.These four schools were excluded for logistical reasons. 

From a further 18 girls parental consent could not be obtained in time for the supplementation 

study. The remaining 23 turned out to meet exclusion criteria; 3 had developed severe anemia 

since screening, 3 were pregnant, or pregnancy could not be excluded widi certainty, 2 had 

concomitant disease (sickle cell disease and juvenile arthritis with severe malnutrition), 3 had 

moved since screening, 11 were younger than 1 2 years of age and 1 was absent on the day of 

enrollment for unknown reasons. After enrollment 279 girls were randomized to one of the 

four supplementation arms. 

Loss to follow-up 

Loss to follow up at the end of the study was 10.8% (30 of 279) and not different between the 

supplementation groups (Figure 1). Girls lost to follow-up were similar to those that had com

pleted the study with regard to baseline characteristics (data not shown). 
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Screened 
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1615 girls 

Anemic 

7 0 g / L < H b < 120 g/L 

N = 350 

Randomized 
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N = 279 

l ron& 

vitamin A 

N = 68 

Exluded 

N = 71 

18 refused 

23 exclusion criteria 

30 from excl. schools 

l ron& placebo 

vitamin A 

N = 70 

side effects = 1 

moved = 2 

withdrew consent = 0 

absent final survey = 3 

no reason given = 1 

Vitamin A & 

placebo iron 

N = 70 

side effects = 1 

moved = 2 

withdrew consent = 0 

absent final survey = 3 

no reason given = 1 

Completed study 

N = 6 1 

Completed study 

N = 63 

side effects = 0 

moved = 2 

withdrew consent = 1 

absent final survey = 5 

no reason given = 3 

side effects = 0 

moved = 1 

withdrew consent 

absent final survey 

no reason given = 

= 0 

= 4 

0 

Completed study 

N = 59 

Completed study 

N = 6 6 

Figure 1 . Subject d is t r ibut ion for double bl ind p lacebo-contro l led tr ial on the effect of weekly iron and vi tamin A on hemog lob in 

concentrat ion (Hb), nutr i t ional parameters, cogni t ive funct ion and school performance in anemic adolescent schoolgir ls in Kisumu 

city, western Kenya. 



Descriptives 

Supplementation groups were comparable at baseline (Table l ) .The median age was 13.8 (IQ 

range; 12.9, 14.8) years.The median maturity rating (Tanner breast development stage) was 

3 (IQ range; 2, 4) and 46 .8% of the girls had passed menarche. 30 .5% of the girls that were 

anemic at screening (based on die Hemocue assessment) were anemic at start of supplementation 

(6 to 8 weeks later, based on the coulter counter Hb assessment). Baseline mean (95% CI) 

hemoglobin was 128.0 (125.9, 1 30.2). A quarter of the girls had malaria parasitaemia at base

line, a third of these had parasite densities above 500 / m m ' . Only one girl presented with 

symptomatic malaria. Prevalence of stunting (4.4%) and diinness (12.3%) was relatively low. 

The mean (95% CI) height-for-age and weight-for-age z-scores (relative to 1977 NCHS reference 

curves) were - 0 . 1 7 (-0.29, -0.05) and - 0 . 6 0 (-0.69, -0.50) respectively. 

• Iron & Vitamin A 

• Iron 

A Vitamin A 

• Double placebo 

15 

10 -

5 

0 

-5 

. , ii 

| -10-1 16 21 4 8 13 

Time (weeks) 

Figure 2. Crude mean change in hemoglobin (Hb) level per supplementation group per follow-up over a 21 week supplementation 

period. Error bars represent 95% CI. 

Hematological response 

Figure 2 shows the crude mean hemoglobin levels for each supplementation group at each fol

low-up visit. There was considerable fluctuation in mean hemoglobin level over time reflecting 

physiological and seasonal fluctuations. 

Table 2 presents the results from the interaction models of the effect of supplementation bv 

study group on mean change in hemoglobin levels controlling for within group correlation and 

school clustering. The adjusted mean increase in hemoglobin by the end of the intervention 

period relative to that in the double placebo group was greatest in the iron&vitamin A group 

(P = 0.0005), followed by the group receiving iron alone (P = 0.003).The additional beneficial 
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Table 1 

Baseline character ist ics by s u p p l e m e n t a t i o n g r o u p 

Covariates 

Age (years); 

median (IQ range) 

Menstruating; No. (%) 

a 
Hb (g/L); mean (95% CI) 

H b < 1 2 0 g / L ; N o . (%) 

Parasite density (/mm !); 

geometric mean (95% CI) ' 

Any parasitemia; No. (%) 

Parasitemia > 5 0 0 / m m ' ; No. (%) 

Height-for-age z-score5; 

mean (95% CI) 

Stunt ing' ; No. (%) 

Weight-for-age z-score'; 

mean (95% CI) 

Underweight8 ; No. (%) 

BMI-for-age z-scores; 

mean (95% CI) 

Thinness'; No. (%) 

RAVLT score Trial 1 - III (nr of words); 

mean (95% CI ) " 

RAVLT difference Trial V & VII 

(nr of words); mean (95% CI) 'u 

Cancellation test (seconds); 

mean (95%CI)" 

Summary school exam score (%); 

mean (95% CI) 

. ,. .. ... 

v i t a m i n A 

13.9(12.9,14.5) 

33/68 (48.5) 

128.1 (123.2,133.0) 

18/58(31.0) 

348(144,839) 

16/51 (31.4) 

5/51 (9.8) 

-0.02 (-0.26,0.21) 

2/67 (3.0) 

-0.061-0.29,0.18) 

3/68 (4.4) 

-0.08 (-0.31, 0.16) 

7/67(10.5) 

20.6(19.2,22.1) 

-2.0 (-2.6,-1.4) 

125.8(117.7,133.9) 

44.5(41.4,47.6) 

i n te rven t ion groups 

Iron 

13.7 (12.9,14.5) 

31/70(44.3) 

125.7(120.6,130.8) 

22/62 (35.5) 

263(102,676) 

15/55(27.3) 

6/55 (10.9) 

-0.03 (-0.30, 0.23) 

5/70(7.1) 

0.01 (-0.25, 0.28) 

4/70 (5.7) 

0.03 (-0.23, 0.29) 

11/70(15.7) 

21.3(20.0,22.6) 

-1.7 (-2.2,-1.2) 

122.3(113.8,130.8) 

41.8(38.4,45.3) 

Vitamin A 

13.9(12.9,15.0) 

35/70 (50.0) 

127.7(124.2,131.3) 

17/59(28.8) 

221 (90, 540) 

9/52(17.3) 

3/52 (5.8) 

-0.061-0.29,0.18) 

4/69 (5.8) 

0.101-0.14,0.33) 

3/70 (4.3) 

0.17 (-0.07, 0.41) 

7/69(10.1) 

22.9(21.3,24.5) 

-1.9 (-2.5,-1.4) 

111.8(104.3,119.2) 

42.8(39.1,46.5) 

Placebo 

13.7(12.9,14.9) 

31/71 (43.7) 

130.5(126.6,134.3) 

17/64(26.6) 

26(166,423) 

14/55(25.5) 

3/55 (5.5) 

0.16 (-0.08, 0.40) 

1/70(1.4) 

0.061-0.18,0.30) 

2/70 (2.9) 

-0.05 (-0.29, 0.20) 

9/70(12.9) 

22.1 (20.5, 23.6) 

-1.5 (-2.1, 1.0! 

112.7(104.8,120.6) 

43.7 (40.7,46.6) 

Stat ist ical 

d i f fe rence 

p-value 

0.98' 

0.74 

0.48' 

0.43-

0.88' 

0.31-

0.27' 

0 5 7 ' 

0.34' 

0.84 ' 

0.92' 

0.50' 

0.93' 

0.16' 

0.63' 

0.03' 

0.68' 

1 Kruskal-Wallistest 

2 Chi-square test 

3 ANOVA 

4 Positive blood smears only 

5 Z-scores relative to sample specific reference curves 

6 Height-forage below -2 sd relative to normalised 

NCHS (1977) reference data » 

7 Fisher's exact test 

8 Weight-forage below -2 sd relative to normalised NCHS 

(1977) reference data J 6 

9 Body mass index (BMI) below 5th percentile relative to 

NHANES I reference data swo 

10 Rey Auditory Verbal Learning Test 

11 de Villiers/Brandt Cancellation Test 



Table 2 

Effect of s u p p l e m e n t a t i o n groups o n hemato log ica l a n d a n t h r o p o m e t r i c outcomes a f te r 21 weeks 

of s u p p l e m e n t a t i o n . 

I ron & v i t a m i n A I ron 

H e m o g l o b i n concent ra t ion (g/L) 

crude mean change 7.3 7.8 

adjusted mean change 9.4 8.2 

difference in crude mean 

1 

3.9 

i 

Placebo 

-0.1 

2.2 

change (95%CI) c 7.4 (0.5,14.3) p= 0.035 8.0 (1.3,14.7) p= 0.020 1.1 (-5.7, 7.9) p= 0.741 reference 

difference in adjusted 

mean change (95% CI) 7.2 (3.2,11.2) p= 0.0005 6.0 (2.1,10.0) p=0.003 1.7 (-2.3, 5.7) p=0.406 reference 

H e i g h t - f o r - a g e z -score 

crude mean change 0.01 0.04 

adjusted mean change 0.01 0.04 

difference in crude mean 

l ^ H S H S ^ H S 

I change (95% Ci) 0.01 (-0.07, 0.10) p=0.723 0.05 (-0.03,0.13) p=0.238 -0.03 (-0.1,0.05 )p=0.466 reference 

: difference in adjusted 

i means(95%CI) 0.01 (-0.07, 0.09) p= 0.836 0.04 (-0.04, 0.12) p= 0.345 -0.04 (-0.13,0.04) p=0.294 reference 

W e i g h t - f o r - a g e z-scon 

crude mean change 0.09 0.06 0.08 0.02 

adjusted mean change 0.09 0.06 0.08 0.03 

difference in crude mean 

change (95% CI) 0.07 (-0.08, 0.22) p=0.348 0.04 (-0.11, 0.19) p=0.596 0.06 (-0.09,0.21) p=0.441 reference 

| difference in adjusted 

means(95%CI) 0.05 (-0.08, 0.19) p= 0.439 0.03 (-0.11, 0.17) p=0.680 0.05 (-0.09, 0.19) p= 0.463 reference 

BMI- for -age z-score 

crude mean change 0.13 0.03 0.13 0.02 

! adjusted mean change 0.11 0.03 0.15 0.04 

difference in crude mean 

change(95%CI) 0.10 (-0.11, 0.32) p= 0.331 0.01 (-0.20, 0.215 p=0.944 0.11 (-0.11,0.32) p=0.327 referem 

difference in adjusted 

i means(95%CI) 0.08 (-0.11,0.27) p=0.417 -0.00 (-0.19, 0.19) p= 0.980 0.12 (-0.08, 0.31) p-0.234 reference 

Note. Adjusted mean change; Least square means at week 21, obtained from repeated measures analysis, adjusted for the baseline value 

of the endpoint and for clustering in schools. Crude difference in mean change at week 21 , obtained from ANOVA. 
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effect of vitamin A when added to iron, however, was small and not statistically significant 

(adjusted difference in mean change in hemoglobin compared to iron alone (95% CI); 1.1 g /L 

[-3.0, 5.2], P = 0.587).There was also no statistically significant difference between the group 

receiving vitamin A alone and the double placebo group (P = 0.406) (Table 2). No interaction 

was seen between the effects of iron and vitamin A on hemoglobin concentrations (p-value 

interaction term = 0.283), which allowed us to estimate the main effects of iron and vitamin A, 

while controlling for the effect of vitamin A and iron respectively (Table 3). Iron supplemen

tation was associated with a 5.7 g /L increase in hemoglobin (P <0.0001), and vitamin A with 

a 1.4 g /L increase (P = 0.322). 

As iron losses are presumably higher in menstruating than in non-menstruating adolescents 

we also examined whether the effect of supplementation on hemoglobin concentration depend

ed on the presence of menarche at baseline. Menstruation was a significant effect modifier of 

the effect of iron supplementation (p-value two-way interaction term menarche-iron = 0.002). 

The effect estimates for menstruating and non-menstruating girls are presented in Table 4. Iron 

supplementation was only effective in girls that had passed menarche before the baseline survey. 

Again, there was no statistically significant beneficial effect of vitamin A, when given alone or in 

addition to iron, regardless of the menarche. 

By 21 weeks the groups receiving iron had a significantly lower prevalence of anemia than the 

group receiving placebo-iron (9 .1% vs. 30.3%; prevalence ratio [95% CI]; 0.33 [0.21, 0.51], 

P<0.0001). Vitamin A had no effect on the prevalence of anemia compared to the group receiving 

placebo vitamin A (20.0% vs. 20.2%; prevalence ratio [95% CI]; 0.95 [0.57, 1.60], P = 0.851). 

Table 3 

Note. Difference in mean change at week 21, obtained from repeated measures analysis, adjusted for baseline value of the endpoint and 

for clustering in schools. Main effect of iron is compared to placebo iron. Main effect of vitamin A is compared to placebo vitamin A. 



Table 4 

Note. Difference in mean change between iron and placebo iron, controlling for vitamin A, and vitamin A and placebo vitamin A, control

ling for iron, obtained from repeated measures analysis, adjusting for baseline hemoglobin, clustering in schools and the effect 

of the vitamin A on iron and vice versa. lron*menstruation interaction term p-value = 0.002. Vitamin A*menstruation interaction 

term p-value = 0.128. Three-way interaction term p-value = 0.396. 

Nutritional response 

There was no interaction between iron and vitamin A for any of the cndpoints; (p-value inter

action terms; hcight-for-age z-scores = 0.489, weight-for-age z-scores = 0.942, BMI-z scores 

= 0.561). No significant differences in height gain, weight gain or BM1 were seen between the 

supplementation groups after the 21-week supplementation period (Tables 2 & 3). 

Impact on the incidence of malaria, all cause morbidity, side effects 

and menstrual abnormalities 

There was no interaction between the effects of iron and vitamin A on malaria parasitemia 

(p-value interaction term = 0.428), high density parasiteamia (p-value interaction term = 0.861), 

any morbidity (p-value interaction term = 0.982), clinical malaria (p-value interaction term 

= 0.068), or non-malarial illness (p-value interaction term = 0.929). The main effects incidence 

risk ratios are given in Table 5. 

The results from the monthly follow-up visits indicated that girls in the iron supplemented 

group were more likely to be parasitemic (P = 0.0008) compared to girls who were randomized 

to the placebo-iron groups, however, geometric mean parasite densities of the parasitemic girls 

were not significantly higher (ratio of geometric means [95% CI]; 1.09 [0.66, 1.62], P = 0.737). 

No differences between groups were seen in any measures of morbidity at the 4-weekly follow-

up or clinic visits (Table 5). 

Passive surveillance indicated that 32 girls visited the study clinic during the follow-up period. 

The most common diagnosis was malaria (diagnosed 8 times) followed by allergic conjunctivitis 

(7 times), tonsillitis (6 times) and gastritis (5 times).There was no difference between the groups. 

Anemia was diagnosed only twice; once in a girl with malaria (iron & vitamin A group) and 

once in a girl with menorrhagia (double placebo group). None of the girls presented with 

severe disease. 
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Table 5 

Effect of s u p p l e m e n t a t i o n groups on incidence of ma la r ia , o ther cl inical ou tcomes and menst rua l history. 

Placebo i ron V i t a m i n A Placebo v i t a m i n A 

Any p a r a s i t e m i a ' 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

High 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

Any m o r b i d i t y 2 

incidence rate; 

/ I 000 person months 

Risk Ratio (95% CI) 

1.36(0.96, 1.92), p=0.087 

34 

reference 

242 

1.17(0.87, 1.57), p=0.298 

207 

reference 

1.84(0.35, 9.80), p=0.475 

233 

1.15(0.89, 1.49), p=0.291 

Clinical m a l a r i a / 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

Non-malar ia l i l lness 1 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

"Heavy" m e n s t r u a t i o n 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

" I r regular" mens t rua t i e 

Incidence rate; 

/1000 person months 93 

Risk Ratio (95% CI) 1.06 (0.65,1.71), p=0.81 

87 

reference 

46 34 

1.36 (0.68, 2.70), p=0.386 reference 

233 

1.08(0.79, 1.48), p=0.621 

215 

reference 

9 I 7 

1.26 (0.62, 2.52), p=0.523 reference 

91 ' 89 

1.02 (0.63,1.64), p=0.943 reference 

Note. Risk Ratio for incidence of malaria and clinical outcomes, obtained through poisson regression, adjusting for clustering in schools. 

1 Adjusted for age and baseline parasitemia. 

2 4-weekly fol low-up and passive surveillance combined. 

3 Adjusted for age and "heavy" menstruation at baseline. 

4 Adjusted for age and "irregular" menstruation at baseline. 



Girls receiving iron were twice as likely as girls receiving placebo iron to report constipation 

or dark stools during monthly follow-up visits (Risk Ratio [95% CI] for constipation 2.2 

[1.1, 4.4] and dark stool 6.4 [1.0, 41.5]).There was no difference between groups regarding 

the occurrence of other symptoms or potential side effects as nausea, vomiting or diarrhoea. 

During the study period 48 and 67 girls perceived their menstruation as "heavy" and "irregular", 

respectivelv, compared to what thev were used to. There was no interaction between iron and 

vitamin A. No significant differences in incidence of reporting menstrual irregularities was seen 

between the supplementation groups (Table 5). Only three girls, one from each group except 

the iron&vitaminA group, went to the study clinic because of dysmenorrhoea. 

Table 6 

Effect of supp' unct ion a n d school p e r f o r m a n c e . 

i r o n 

RAVLT to ta l recall t r ia l f if * (nr of words) 

adjusted mean change 10.2 9.1 

difference in adjusted 

means (95%CI) 1.0(0.1,1.9), p=0.033 reference 

RAVLT d i f fe rence recal l t r i a l V & V I I ' (nr of words) 

adjusted mean change 1.0 0.7 

difference in adjusted 

means (95% CI) 0.4 (-0.03,0.78), p=0.072 reference 

Cancel lat ion t e s t ; (seconds) 

adjusted mean change -19.8 -17.1 

difference in adjusted 

means (95% CI) -2.7 (-8.3, 3.0), p=0.358 reference 

Summary school exam score (percentage points} 

adjusted mean change 2.2 2.4 

difference in adjusted 

means {95% CI) -0.2 {-1.4,1.9), p=0.782 reference 

Final t e r m pass/fai l rate * 

Proportion passing; 

proport ion {%) 43/82 (52.4) 38/77 (49.4) 

Prevalence ratio 0.83 (0.65,1.07), p=0.145 reference 

Placebo v i tamin A 

-0.1 (-1.0, 0.9), p=0.878 reference 

0.2 (-0.19, 0.62), p=0.303 reference 

-3.0 (-8.6, 2.6), p=0.294 reference 

).3 (-1.6, 1.0), p=0.646 reference 

38/74(51.4) ; 43/85(50.6) 

1.1 (0.87,1.40), p=0.434 reference 

Note. Difference in mean change at week 21, obtained from repeated measures analysis, adjusted age and clustering in schools. 

1 Rey Auditory Verbal Learning Test 

2 deVilliers/Brandt Cancellation Test 

3 Prevalence ratios for passing exams at 21 weeks, obtained from log binomial regression, adjusted for baseline pass/fail rate, clustering in 

schools and the effect of vitamin A on iron and vice versa 
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Cognitive function and school performance 

The effect of supplementation on cognitive function and school performance is presented in 

Table 6. There was no interaction between the effects of iron and vitamin A on anv of the 

endpoints.The group receiving iron scored better than the group receiving placebo iron on 

total RAVLT recall score after 3 recall trials (P = 0.033), after 5 recall trials (adjusted difference 

in mean improvement [95% CI]; 0.9 [-0.5, 2.3], P = 0.206) and recall after interference bv 

the second word list (P = 0.072) (Table 6). RAVLT learning curves improved for all girls at each 

successive survey but there was no significant difference in improvement between groups after 

21 weeks of supplementation (P = 0.429). No significant differences in improved performance 

on the cancellation test, average school exam scores or pass/fail rates were seen between groups 

(Table 6). Record keeping of school attendance by the school was poor and no inference about 

the effect of any of the interventions on school attendance could be made. 

Discussion 

This randomized controlled trial aimed to determine the effect of weekly iron and vitamin A 

supplementation on hemoglobin levels, growth, morbidity and school performance in adolescent 

schoolgirls in Kisumu city, western Kenya. Twenty-one weeks of weekly supplementation widi 

iron was associated with an increase of 11.5 g /L in mean hemoglobin concentrations compared 

to those receiving placebo iron (P <0.0001).This effect was only evident in schoolgirls that had 

passed menarche, and not in girls who had not yet started menstruating. By contrast, weekly 

vitamin A given alone, was not associated with a significant increase in hemoglobin concentrations 

regardless of whether menarche had occurred. There was no evidence that the effect of iron was 

dependent on the concomitant administration of vitamin A, or vice versa (i.e. no interaction). 

It has long been recognized that vitamin A is essential for normal hematopoiesis and plavs 

a role in the etiology of anemia.'3 In a study of iron supplementation for anemic vitamin A 

depleted individuals, a hematological response to iron was only observed after vitamin A status 

was improved.16 Recent randomized controlled trials that determined the effect of vitamin A 

in addition to iron supplementation for the treatment of anemia showed that the combination 

therapy resulted in significantly better hematological recovery than iron supplementation 

alone. I4>41-42 However, others have failed to confirm these findings.15.43-45 The difference between 

the above named studies is not explained by differences in dosage, as most gave daily doses 

between 5,000 to 8,000 IU retinol (i.e. 35,000 to 56,000 IU per week). Moreover, one of the 

studies showed a significantly enhanced effect in adolescent girls even with a relatively low 

weekly dose of 8,000 IU retinol for 12 weeks.42 Thus, it is unlikely that the lack of effect of 

vitamin A seen in this trial was due to the relatively low dose given (25,000 IU retinol per week). 

The lack of effect may imply that vitamin A status in this adolescent population is adequate 



in most of the girls and that iron metabolism is not negatively influenced as a direct result. 

The results from the biochemical marker of iron and vitamin A status are pending. 

Several recent supplementation trails in adolescent girls reported significant hematological 

improvement in response to weekly iron (some in combination with folic acid).42'45"50 Similarly, 

we show a significant hematological response to weekly iron supplementation, but only in girls 

that had passed menarche.The lack of a hematological response following iron supplementation 

in the non-menstruating schoolgirls may reflect that iron deficiency is not a main cause of anemia 

during pre-menarche in this area. This is consistent with our previous observations from cross-

sectional surveys conducted in this same age group in neighboring Bondo district (Chapter 2). 

Although die cross-sectional design of diis previous study limits the interpretation of the findings, 

it implicated malaria and schistosomiasis as potential causes of anemia in young adolescents, 

but not in older girls. In die older girls heavy menstruation was the only risk factor identified, 

presumably because resistance to parasitic infection improves with age and pubertal develop

ment (Chapter S). Insecticide treated bed net were also found to reduce the prevalence of 

malaria associated anemia in young schoolgirls aged 12-13 years, but not in the older girls 

(Chapter 4). Thus these combined results suggest that the relative contribution of iron deficiency 

as a cause of anemia is likely to be greater in the menstruating girls. 

Unlike previous findings of Lithgow and Politzer, that supplementation with vitamin A 

reduced menorraghia, we found no significant difference in the incidence of menstruation per

ceived as 'heavy' by the girls.18 Eleven percent of the girls perceived their menstruation to be 

"heavy", but this wasn't objectivated and the proportion with true menorraghia might have been 

lower than reported. Moreover, die dose of vitamin A in this study was 12.5 times lower than 

that used by Lithgow & Politzer. 

In the current study no effect of iron or vitamin A supplementation on linear growth, weight 

gain, or bodv composition was seen.The lack of effect mav be explained by the fact that at base

line, even in this "selected" population, stunting was uncommon (4%) and consequently little 

catch-up growth could be expected. Similarly only 12% had body-mass-index scores below the 

5th percentile of the reference population for this age group (an indicator of'thinness'). 

Although there is some evidence diat iron supplementation improves linear growth in anemic 

children,41 '51 little evidence exists that iron supplementation improves linear growth in adoles

cent girls. Recent randomized controlled trials in adolescents only found significant weight gain 

in response to iron (one study also included folic acid) supplementation.49-52 Only a single study 

involving pregnant adolescent Nigerian girls demonstrated significant height gain in response to 

daily iron and folate supplementation.55 However, die mean height at baseline was not compara

ble between the study groups and girls receiving iron and folate were smaller than girls in the 

placebo group before the start of the intervention. Rather than a true effect on linear growth, 

the observations that iron supplemented girls experienced greater height gain may be explained 

by regression towards the mean, because no attempt was made to adjust for the differences at 
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baseline.'4 It remains unclear whether iron supplementation could benefit nutritional status 

in adolescents who are more severely malnourished, iron deficient and anemic than in our 

population. 

Despite the well-recognized public health burden of anemia and the beneficial effects of iron 

supplementation, the use of iron therapy remains controversial in many malaria endemic countries 

because of the concerns that iron therapy exacerbates infections and it's use in malaria endemic 

areas remains debated.22-55 ' 8 However, a recent meta-analysis by the International Nutritional 

Anemia Consultative Group concluded that the overall increased risk of malaria parasitemia is 

small and does not outweigh the hematological benefits of iron supplementation.56 We did not 

find that girls assigned to the iron supplementation group had a significantly increased risk of 

clinical malaria on passive surveillance and at the 4-weekly follow-up visits compared with girls 

receiving placebo iron (RR 1.84, 95% CI 0.35, 9.80). The overall number of clinical malaria 

attacks in this study, however, was very small, and further studies would clearly be needed to 

verify our observation. Nevertheless, we found that girls receiving iron experienced a higher 

incidence of parasitemia, although the overall incidence in all supplementation groups was low. 

The concomitant administration of vitamin A did not modify the effect of iron on malaria para

sitemia or clinical malaria. Vitamin A alone was also not associated with an in- or decreased 

incidence of malaria parasitemia, malarial or other illness or menorrhagia. 

A recent systematic review by Grantham-McGregor and Ani concluded that there is convin

cing evidence that iron supplementation beneficially effects cognition, in anemic children older 

than 2 years, but data in adolescents is scarce.7This study found inconclusive evidence that iron 

supplementation improves cognitive function in adolescence. Iron supplementation improved 

free recall in an auditory verbal learning test, similar to a recent randomized study of the cogni

tive effect of iron supplementation in non-anemic iron-deficient adolescent girls.6 However, 

there was only a significant effect on total recall after 3 trials, but not after five trials or after 

interference by a second word list and no difference in improvement of learning curves 

between groups was seen. We found no impact of iron on visual search and target detection, 

a measure of attention, or on school performance. More research is needed to conclude whether 

iron supplementation can reverse cognitive impairment, due to iron deficiency, in adolescents. 

We conclude that school-based weekly iron supplementation is well-tolerated and effective 

in increasing hemoglobin concentrations in menstruating girls aged 12—18 years. Iron supple

mentation had no effect on hemoglobin concentration in pre-menarcheal girls. Weekly vitamin 

A supplementation, alone, or combined with weekly iron, did not result in a significant increase 

in hemoglobin, regardless of menstrual status. Iron had no beneficial effect on cognitive func

tion or school performance. Neither iron nor vitamin A supplementation had an effect on stan

dard nutritional parameters or malaria and non-malaria morbidity. Further research is required 

to determine the long-term effects of iron supplementation programs in schoolgirls of repro

ductive age for the prevention of anemia related adverse outcomes in adolescent pregnancies. 
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