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Daily Versus Weekly Supplementation with Iron, Vitamin A, Folic Acid and
Vitamin C to Improve Iron and Vitamin A Status of Female Adolescents*
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Abstrak

Prevalensi anemia di negara berkembang masih tetap tinggi meskipun program suplementasi tablet besi-asam folat telah
dilaksanakan dalam skala besar. Dampak suplementasi dipengaruhi oleh berbagai faktor seperti rendahnya kepatuhan minum tablet,
efek samping yang kurang disukai, persediaan tablet kurang, rendahnyajangkauan program, status vitamin A yang rendah dan hambatan
absorpsi zat besi karena suplementasi zat besi setiap hari.

Strategi yang mungkin dapat dilakukan untuk menurunkan prevalensi dan mengatasi masalah operasional adalah pemberian
suplemen multi-vitamin mineral selama masa remaja dengan dosis lebih rendah dan frekuensi pemberian yang lebih jarang/tidak setiap
hari.

Suatu penelitian kros-seksional telah dilakukan untuk mendapatkan informasi dasar tentang status gizi dan kesehatan remaja laki-
laki serta putri yang telah mendapat haid pada tiga buah sekolah menengah yang dipilih secara acak di Jakarta Timur. Usia rata- rata
remaja laki-laki adalah 14,8 tahun dan remaja putri 15,6 tahun. Para remaja tersebut berasal dari keluarga golongan sosial ekonomi
menengah. Prevalensi "thinness" lebih tinggi pada laki- laki (43% ) dari padayang putri (10,2%) dan kelebihan berat badan lebih banyak
pada remaja putri (32,9%). Prevalensi "stunting” pada remaja laki-laki dan putri (22%). Prevalensi anemia lebih tinggi pada remaja
putri (21%) daripada laki-laki (2,5%).

Setelah penelitian kros-seksional, dilakukan intervensi/suplementasi dengan tujuan menentukan pengaruh multi- vitamin-mineral
dalam berbagai dosis pada hemoglobin, feritin plasma dan status vitcmin A remaja putri. Tiga ratus enam puluh tiga subyek dipilih
secara acak yaitu remaja putri yang telah mendapat haid, dengan kisaran usia 14-18 tahun dan tidak menderita demam, infeksi saluran
nafas, atau penyakit gastro intestinal. Pengelompokan subjek menjadi 4 kelompok perlakuan (tiga kelompok mendapat suplemen dan
satu mendapat plasebo) dilakukan secara "double-blind". Pil sup lemen yang mengandung: 60 mg zat besi el, 2500 SI vitamin A, 250 ¢
asam folat, dan 60 mg vitamin C diberikan kepada kelompok dosis harian (DD); 60 mg zat besi el, 20 000 SI vitamin A, 500 g asam
folat dan 60 mg vitamin C untuk kelompok setiap minggu dosis rendah (WLD); 120 mg zat besi el, 20 000 S vitamin A, 500 g asam Jolat
dan 60 mg vitamin C untuk kelompok setiap minggu-dosis tinggi (WHD), dan kelompok terakhir diberi pil plasebo (PL). Pil multi-vitamin
dan mineral tidak dapat dibedakan dari pil plasebo secara kasat mata. Sebelum suplementasi didapati prevalensi anemia yang tin ggt
(21%), feritin plasma rendah (37%), dan retinol plasma rendah (31%).

Suplementasi selama 8 minggu menaikkan secara bermakna kadar hemoglobin (Hb), feritin plasma (FP), retinol plasma (RP),
tinggi badan dan skor tes prestasi sekolah, semua kelompok yang mendapat suplemen. Kenaikan kadar FP kelompok dosis harian (DD)
lebih besar (bermakna) daripada kelompok dosis setiap minggu.

Penambahan vitamin A dalam pil suplemen meningkatkan kadar RP dan rupanya berpengaruh pada penggunaan zat besi secara
efisien untuk eritropoiesis. Peningkatan pada kelompok plasebo (PL) tidak jelas sebabnya, tetapi ada kemungkinan pengaruh obat
cacing.

Peningkatan prestasi sekolah dapat disebabkan oleh peningkatan penyediaan zat besi dalam otak dan distribusinya ke sel-sel otak
yang penting untuk kelancaran fungsi neuron "dopaminergic". Suplementasi multi-vitamin dan mineral dapat memacu pertumbuhan
linier tetapi tidak mengkompensasi kehilangan awal. Bertambahnya tinggi badan karena suplemen multi-vitamin-mineral dapat
dikaitkan dengan perbaikan status zat besi yang meningkatkan oksidasi dan penyediaan energi untuk propliferasi sel. Prevalensi
"stunting”, "thinness" dan kelebihan berat tidak berkurang. Berat badan rupanya tidak dipengaruhi oleh suplementast mudlti-vitamin
dan mineral. Peningkatan masa suplementasi sampai 12 minggu tidak menghasilkan peningkatan Hb dan RP pada kelompok
multi-vitamin dan mineral, tetapi memberikan waktu yang lebih lama untuk meningkatkan (bermakna) FP pada kelompok dosis
mingguan. Pada kelompok dosis harian (DD) kadar FP bertambah tetapi tidak berbeda bermakna dari kadar pada minggu ke 8.

Tidak ada perbedaan efek dosis-frekuensi dari berbagai komposisi pil multi-vitamin dan mineral untuk seluruh masa suplementasi
kecuali kenaikan FP yang menyolok kelompok dosis harian (DD) pada minggu ke-8. Selama masa 12 minggu, "individual lobe counts”
dari granulosit (gejala defisiensi asam folat) setiap kelompok dalam kisaran normal sedangkan subjek penelitian tidak menderita demam,
infeksi saluran pernafasan dan infeksi saluran pencernaan. Dengan demikian penyebab anemia dalam penelitian ini disebabkan oleh
kekurangan zat besi dan/atau kekurangan vitaminA.

Pada minggu ke 36 (24 minggu atau 6 bulan setelah akhir suplementasi) subyek yang sama diperiksa lagi untuk menilai sisa
pengaruh suplementasi multi-vitamin-mineral pada kadar Hb,FP,RP dan pertumbuhan badan.
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Semua kelompok yang mendapat suplemen, kadar RP dan tinggi badannya tetap lebih tinggi secara bermakna. Kadar Hb yang
lebih tinggi (bermakna) hanya terdapat pada kelompok mingguan-dosis- rendah (WLD), sedangkan kadar FP yang lebih tinggi
ditemukan pada kedua kelompok minggu (WLD, WHD). Kadar Hb dan FP cenderung menurun mulai akhir suplementasi sampai minggu
ke 36 sesudahnya.

Oleh sebab itu suplementasi mingguan dengan pil dosis rendah (WLD) yang mengandung 60 mg zat besi el, dan 20 000 SI vitamin
A, 500 g asam folat dan 60 mg vitamin C selama 12 minggu, dapat dipertimbangkan sebagai strategi pencegahan untuk meningkatkan
kesehatan, status gizi, dan skor tes prestasi belajar para remaja sebelum hamil. Suplementasi berkala periu dilakukan setiap 6 bulan.
Namun demikian perencana program perlu memperhatikan bahwa meskipun program suplementasi besi adalah jalur wtama untuk
menanggulangi anemia, di dalamnya harus ada pendidikan gizi antara lain tentang petunjuk aturan minum pil suplemen. Suatu strategi
campuran yang seimbang yang terdiri dari strategi jangka menengah yang berhubungan dengan fortifikasi pangan dan strategi jangka
panjang yang bertujuan mengubah kebiasaan makan melalui pendidikan gizi harus menjadi bagian program suplementasi zat besi untuk
memastikan kesinambungan program.

Penelitian lebih lanjut dengan jumlah subyek yang lebih besar perlu dilakukan untuk menunjang/menegaskan hasil penelitian ini
dan mengetahui peranan kekurangan zat gizi lain yang berkaitan dengan anemia seperti protein, Cu, vitamin B2, vitamin B6, dan vitamin
BI12. Kadar RP yang tidak berubah pada minggu ke 12 perlu diteliti lebih lanjut. Dosis vitamin yang lebih rendah (10.000 SI) mungkin
cukup untuk meningkatkan kadar retinol. Selain itu karena keterbatasan waktu penelitian ini perlu dilakukan penelitian longitudinal
suplementasi multi-vitamin-mineral mingguan dosis rendah (WLD). Penelitian operasional tentang sistem penyampaian (delivery

system) suplemen multi-vitamin- mineral di sekolah-sekolah juga penting dipertimbangkan.

Background Information and Problem Statement

In many developing countries like Indonesia, iron defi-
ciency (ID) remains prevalent (50-52% in pregnant
women).!? To decrease the prevalence many develop-
ing countries initiated iron supplementation programs
for pregnant women. WHO recommended that all preg-
nant women should have a daily intake of 120 mg iron
(Fe) and 250 mg folate starting at the second trimester
of pregnancy through the public health system. How-
ever, the impact is limited, a phenomenon which is true
in all developing countries.? Based on WHO recommen-
dation, a total of 120 pills would be taken for the whole
period of pregnancy, however, the Indonesian Demo-
graphic and Health Survcy4 revealed that, among
women whose last born-child was born in the five years
before the survey, only 14% took at least 90 iron pills
during pregnancy, and 26% took none. Low coverage,
inadequate supply of iron pills at health centers, poor
compliance, and undesirable side-effects were the
reasons considered contributing to the limited effective-
ness of the program.s'6 Negative side-effects are due to
the high dose-effect of medicinal Fe given everyday in
the gastrointestinal tract.’

To address this problem, recent studies have been
carried-out to improve iron status by administering Fe
supplements on reduced frequencies. Findings
revealed that Fe given either less frequently per week
or once weekly have similar effects in improving the
iron status as daily supplementation.®!! During daily
supplementation, iron concentrations become very
elevated in the liver and particularly in the lumen and
mucosa of the gut causing iron blockage.lz'13 Iron
blockage occurs because of iron saturation in the cells.
Theoretically, by spacing, iron dosage blockage is

avoided because the gut mucosal turnover or renewal
is between 5 to 6 days. Iron given weekly should then
be more efficient than iron given daily or once every 3
days because iron is administered to new cells that
have not been exposed to iron.'* Weekly iron supple-
mentation might be a safe and effective way to prevent
ID and iron deficiency anemia.

ID is the main cause of anemia. The most common
causes of ID in developing countries are poor dietary
iron intake, blood loss due to parasitic infestation
and/or menstruation, low bioavailability due to high
phytate content of foods and the absence of iron enhan-
cers like vitamin C in the meal.'®!” Vitamin C enhan-
ces the absorption of non-heme Fe.'® It also promotes
the utilization of heme-iron by enhancing the incor-
poration of iron in its storage form, ferritin. !

Earlier findings revealed that vitamin A deficiency
(VAD) can also cause anemia which is refractory to Fe
supplements but responsive to vitamin A.2° During
VAD iron is trapped in the liver making it unavailable
to the tissues for physiological functions.?! Correcting
this condition by the administration of vitamin A will
stimulate the synthesis of transferrin. Transferrin is a
transport iron, thereby, this would increase the availa-
bility of iron for hematopoiesis.

The non-incorporation of vitamin A in the Fe supple-
ments dcsgite of the poor vitamin A status of pregnant
women?>23 may further aggravate the anemia prob-
lem.

Anemia other than ID is megaloblastic anemia caused
by folic acid deficiency. Most Fe pills are combined with
folic acid (FA). FA is responsible for the maturation of
red blood cells (RBC) and white blood cells (WBC).24
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The existing iron supplementation program to control
anemia targeted to pregnant women is too late because
anemia already exists. The probable strategy therefore,
is to prevent the occurrence of anemia prior to preg-
nancy. Data showed that 25% of girls around the world
will have had their first child by age 19 years.25 In
Indonesia, it was reported that 11.2% teenagers have
begun child bearing.4 Adolescence is therefore, the
ideal time to improve pre-pregnancy iron status.

The Indonesian long term plan for the control of
anemia in women confirmed that one of the priority
targets were the adolescent girls.26 However, possible
strategies remain uncertain up to the present. Their is
a limited baseline data on the prevalence of anemia and
supplementation trial has not been implemented to
improve iron status. No study has been conducted to
test how a particular combination of nutrients such as
Fe with folic acid plus vitamins A and C may resultin
an increase in iron nutriture of female adolescents.

Objective of the Study

This applied, public-health-oriented research assessed
the effectivess of different regimens of pharmaceutical
multi- nutrient supplements in improving the iron and
vitamin A status of female-school-going adolescents.

Causal Model of the Study
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Benefits of the Study

This study can provide substantial information on

whether :

1. Multi-nutrient supplementation is effective in im-
proving the iron status of female adolescents which
might result to the decrease in the prevalence iron
deficiency prior to pregnancy. In this way, women
would enter pregnancy with some iron reserves and
that children would be born with better iron status.
Furthermore, the chances of mitigating the anemia
problems may be far better.

2. Multi-nutrient supplements given to school-going
female adolescents would improve mental and cog-
nitive performance. '

3. Once a week low dose multi-nutrient supplementation
would reduce the occurrence of side-effects, which
would eventually lead to improved compliance.

4. Multi-nutrient supplements given for 8 weeks is as
effective as 12 weeks in improving the iron, vitamin
A status.

5. The effects of the multi-nutrient supplements on
Hb, PF, and PR would still be retained 36 weeks
after the termination of supplementation. This
would serve as the basis for the determination of
the interval of supplementation.

6. Results of the present study could be used as the
basis for further investigations for a rational prob-
lem implementation.
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Hypotheses

1. Multi-nutrient supplemented groups have better
Hb, PF, PR, physical growth, and school perfor-
mance test scores than the placebo group.

2. A weekly low dose (WLD) of 60 mg el Fe with 500
g folic acid plus 20 000 IU Vitamin A and 60 mg
Vitamin C is equally as effective as the supple-
ments given weekly in a higher dose (WHD) of 120
mg el iron in improving hemoglobin, plasma fer-
ritin, plasma retinol, physical growth, and school
performance test scores.

3. A WLD (60 mg el iron) multi-nutrient supplement
given to school- going females has similar effect on
hemoglobin, plasma ferritin, plasma retinol, physi-
cal growth, and school performance test scores as
a supplement of the same dose given daily.

4. Multi-nutrient supplements given for 12 weeks
have similar effects on hemoglobin, plasma fer-
ritin, plasma retinol, physical growth as the supple-
ments given for 8§ weeks.

5. After 36 weeks from the start of the intervention
study, at least 50% of the multi-nutrient supple-
mented groups remain iron-replete (PF > 20 pg/L)
while the placebo group remain on a decreasing PF
levels.

Limitations of the Study

This study does not intend to analyze the effect of each
individual micronutrient composing the tablet. The
effort and budget required are three to four times
higher and it seems doubtful whether analyzing each
single nutrient component of the pill is more efficient
and provide better information as when analyzed as
one supplement type since there is a nutrient- nutrient
interaction.

METHODOLOGY

Study Design

This study was conducted in three phases: The first was
a cross- sectional study. This was to obtain general
information on the health and nutritional status of male
and female adolescents. Males were included to con-
firm earlier review that men are less affected by anemia
than women.?’

Following the cross-sectional study was the second
phase which was an intervention study. This was a
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public health-oriented, randomized, double blind,
placebo-controlled community trial to improve the
iron and vitamin A status of female-school going
adolescents.

The third phase was a follow-up study. After 36 weeks
from the start of the multi-nutrient supplementation,
the female adolescents were followed-up and reas-
sessed to determine the retention of effects of the
multi-nutrient supplements as basis for the interval of
supplementation.

Study Sites, Subjects, and Multi-nutrient pilis

The cross-sectional study took place in three govern-
ment high schools (2 junior and 1 senior high schools)
in East Jakarta as recommended by the District Office
of the Department of Education. A randomly selected
805 menstruating females and 118 males aged 13 to 18
years had willingly participated.

Out from the three high schools in the cross-sectional
study, the senior high school was drawn randomly for
the intervention study on multi-nutrient supplements.
The sample size of each group (60 females) was calcu-
lated using the formula for community trial with a 95%
C.I. and a 90% chance to detect a change in mean Hb
of 5.4 g/L. and 0.12 pmol /L of retinol, which are consi-
dered to be biologically significant between groups.
Allowing for a high attrition rate, the sample size was
increased by 33%. Using a simple random sampling, a
total of 363 anemic and non-anemic females from the
school registrar’s list were allocated into 4 treatment
groups at random each having 90 females per group.
The prevalence of anemia in the survey was 21.1%
which justified the decision of a blanket approach of
supplementation as a preventive public health strategy.
The females in the intervention study came from dif-
ferent grade levels and classes, aged ranging from
14-18 years old with Hb level of > 80 g/L.

None of the subjects in both cross-sectional and inter-
vention studies were suffering from fever, respiratory
infections, or gastro-intestinal diseases. All females
had regular menstruation. All subjects belonged to the
middle socio-economic group and were inhabitants of
East Jakarta. Both the parent and the females gave their
written consent to participate in the study.

Information on the content of the multi-nutrient sup-
plement pills is provided in Table 1.
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Table 1. Composition of multi-nutrient supplements and dosage
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Frequency Iron (mg) Vitamin A (IU)3 Vitamin C (mg) Folic acid(ug)
Daily' 60 2500 60 250
Once weekly” 60 20000 60 500
Once weekly? 120 20000 60 500
Placebo 0 0 0 0

! supplements administered from Monday through Friday

supplements administered on Friday with a placebo from Monday-Thursday

3 retinol acetate.

Quality testing was conducted at Kimia Farma’s
Quality Control Department, Bandung. The amount of
each nutrient in the pill were based on the following
considerations: FAO/WHO’s recommendation on Fe
supplementation to adolescents in areas where there is
moderate IDA (>70 g/L HB<120g/L = 10-39% of the
population) is 60 mg/2 times daily.17 The formulation
of the amount of nutrients in the pills was guided by
the RDA.%8

Conduct of the study

All females were dewormed 3 days before the start of
the intervention study, administering one single dose
of 500 mg mebendazole. This was to eliminate the
effect of parasitism as a confounding factor.

The supplement pills were personally administered 5
days a week either by the principal researcher or by
trained nutrition assistants for the first 8 weeks. A
double blind approach was managed by packing the
supplement pills in sealed plastics. One group received
the true supplement pills on every school day of the
week (Monday-Friday), two other groups received the
true supplement pill only once a week and placebos on
the other school days. The last group received placebos
on every school day. The multi-nutrient supplements
and the placebo pills were similar in appearance, size
and color and were not distinguishable on sight. Pill
codes were only revealed to the principal researcher
after analysis of all data.

From week 9-12, thirty pill supplements were provided
on a take- home basis after the females had received
careful instructions on pill intake. Females were ad-
vised to take the pills 7 days a week. At 12 weeks, the
females were asked whether they had taken all the pills.
The pill containers were retrieved from all subjects and
the remaining tablets were counted. Side-effects like

nausea, vomiting, sleepiness, increased appetite, and
diarrhea after pill intake were investigated at week 10
and 11.

Measurements and methods of assessment

Interview

During the cross-sectional study, a pre-tested question-
naire on general health and nutritional-related charac-
teristics of subjects was administered.

Fecal examination

Before the start of the intervention study, fecal samples
from 28% (104 out of 363) of the females were col-
lected and analyzed using a modified Kato-Katz
method®® at the Parasitology Department of the
University of Indonesia. A subsample was used be-
cause of financial constraint and the difficulty of col-
lecting fecal samples.

Hematology

During the cross-sectional study, Hb concentrations of
all subjects were estimated according to the cyanome-
themoglobin method?® using a portable miniphoto-
meter (Compur-Minilab 3, Bayer, Munich, Germany).
Capillary blood was obtained from the left ring finger
using an automatic skin puncturing device (Autoclix,
Boeringer Mannheim, Mannheim, Germany).

During the intervention study, three cc of fresh venous
blood was placed in vacutainers with KoEDTA for
analysis of Hb level and leucocyte differential count
using a MAXM Coulter (Coulter Electronics Limited,
Luton, Beds, England) at the Department of Pathology,
Cipto Mangunkusumo General Hospital. Duplicate
measurements for 12% of the samples for each period
of measurement revealed a within-assay variability of
+0.09 g/L.
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Another 5-6 cc of blood were placed in vacutainers
with heparin to be centrlfuged at the SEAMEO-Trop-
Med laboratory Two aliquots were prepared for
plasma ferritin (PF) and plasma retinol (PR). These
were stored at -20°C w1thout defrosting until the end
of the study (36 wceks)

PF was determined in all samples by microparticle
enzyme immunoassay (MEIA) using a commercial kit
(IMX System; Abbott, Abbott Park, IL). Duplicate
analyses were performed for 12% of the samples and
the within-assay variability was + 0.25 pug/L.

Anemia was defined as Hb < 120 g/L for females and
< 130 g/L for males.>® PF < 20 ug/L is the cut-off of
low iron stores.

WBC was analyzed using coulter counter. Normal
values for WBC is 4.3-10.0 x 10°/L of blood.?>*?
Hypersegmentation of granulocytes was determined in
blood smears by lobe counting. These analyses were
done at the Department of Pathology, Cipto Man-
gunkusumo General Hospital. Normal lobe average is
3.17.3%

Retinol levels

An aliquot for retinol asssay was transported in ice
buckets to the Nutrition Research and Development
Center, Bogor, Retinol was analyzed usmg % high
performance liquid chromatography (HPLC).>* Plas-
ma retinol (PR) < 0.70 pmol/L reflects marginal
vitamin A deficiency.34

Anthropometry

Weight and height were measured during the three
phases of the study. Weight was recorded to the nearest
0.1 kg (model 770 alpha; SECA, Hamburg, Germany).
Subjects were weighed between 09:00 and 11:30 hours
with their school uniforms. Height was measured to the
nearest 0.1 cm (CMS Weighing Equipment Ltd., Lon-
don). Height-for-age < 3rd percentile is considered as
stunting (WHO 1983, WHO 1995). Body mass index
(BMI) was calculated as welght/hmght (kg/m ). BMI-
for-age < 5 th percentile and BMI > 85th were regarded
as cases of thinness and potential cases of overweight
respectively.35 4

Dietary assessment

Dietary intake was assessed using a 3-d repeated 24-h
food recall at the end of 8 weeks of the intervention
study and at the follow-up study. Nutrient conversion
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was analyzed using the Indones1an Nutrient Analysis
Program (INDONAP) Mean nutrient intake was cal-
culated for the three days. Group intake was exgrcsscd
in median and compared with RNI standards.>

Morbidity

The occurrence of illness were noted by the Nutri-
tionists/Class Chairmen validated by the principal re-
searcher everyday for the duration of 8 weeks. At 10th
and 11th weeks, females were asked if they have been
ill for the past week.

School performance and I.Q. Tests

School performance test was assessed before and after
8 weeks of the intervention study using test questions
developed by the Office of Education and Cultural
Research and Development, Department of Education,
Jakarta. These were administered by the staff of the
Department of Education on two alternate days given
specified time limits. Subjects included were language,
physics, biology, and mathematics. Biology and
physics were elective subjects.

The 1.Q. test was administered before the start of the
multi- nutrient supplementation study by the staff of
the Department of Education using the Culture Fair
Intelligence Test.>”

Statistical Analyses

Data were processed and analyzed in SPSS (version
6.0; SPSS Inc, Chicago) and Epi-info 6 (USD Inc.,
West Park, GA) software packages. Nutrients com-
position of the dietary intake was determined using the
Indonesian Nutrient Analysis Program (INDONAP). Y

Prior to analysis, each varibale was tested for norma-
lity using the Kolmogorov Smirnov test. Descriptive
characteristics were expressed as means (X + SD) for
normally distributed data. Median was used for dietary
intake data because it was not normally distributed.
Plasma ferrltm values used in the analysis were log
transformed,38%3%

The statistical analyses used were: One-way analysis
of variance (ANOVA), Bonferroni test procedure,
paired t-test, independent t- test, multiple analysis of
variance gMANOVA) for repeated measures, chi-
square (X°) test, X2 for trend, bivariate correlations,
bmomxal groportlons Wilcoxon test and Kruskal-
Wallis.>
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Ethical Considerations

Anemic adolescents who were not selected for the
intervention study were referred to the nearest health
post. Ethical principles applied in this study was
guided by the recommendations of the Council for
International Organizations of Medical Sciences*® and
received approval from both the Ethical Committee of
the SEAMEO-TROPMED and the Ethical Committee
for Post-graduate Program, University of Indonesia.

RESULTS AND DISCUSSION

This study had filled-up the gap of knowledge by
providing information on the health and nutritional
status of adolescents and provided possible strategy to
improve health status of females prior to motherhood.

CROSS-SECTIONAL STUDY

Table 1. Selected characteristics of male and female adolescents

Varibles Females Males
(n=805) (n=118)

Age (years)' 15.611.4 14.840.7
Weight (kg) 46.6+7.4 46.049.4
Height (cm)’ 153.445.2 158.347.3
BMI (kg/m%)" 19.842.8 18.242.7

% < 5th percentile 10.2 43.2

% > 85th percentile 32.9 9.3
Stunded (%)

< 3rd percentileNS 22.0 22.1
Hemoglobin (g/L)" 128.5414.0 145.0+11.3
Anemia prevalence (%) 21.1 2.5
1X+SD

NS no significant difference between sexes.

Table 1 is the general characteristics of subjects. The
prevalence of thinness (BMI<<5th percentile) was
higher in males than in female. The risk of being
overweight was higher in females than in males
(X?=P<0.01). No significant difference in rates of
stunting between sexes. But anemia prevalence was
higher in females than in males (X2=P<.001).

Thinness in males (Table 1) reflects that linear growth
is faster than having weight gain while on the contrary,
females gain weight faster than achieving a proportion-
al height. Short stature and thinness in males may have
negative effects on muscular strength and working
capacity.41 Thinness in females can have negative ef-
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fects on pregnancy outcome*? and high incidence of
morbidity43 while overweight (32.9%) may pose a risk
factor to adult chronic diseases like hypertension,
coronary heart disease, diabetes mellitus and
gallstones.

Average weight of males and females were 8.4 kg and
8.8 kg (16%) lower while mean height was lower by
8.7 cm and 9.0 cm (5%) as compared to the US refer-
ence for this age (Table 1).1"5 The difference between
the data in the US and the present resuits can be
regarded as the differences in the timing of pubescent
growth spurts across pr::pulations‘d'6 and that, genetical-
ly, Asians have shorter stature, lighter weight, and
decreased body fat and lean body mass compared with
US women.*” It was argued, however, that genetic
effect if ever it exists, is less important than that of the
environmental effect.*$*°

High rate of stunting in both males and females sexes
(Table 1) is a manifestation of previous chronic poor
health and nutrition condition which has been regarded
as an intcrplag between nutrient intakes and infection
in early life.>

The onset of menarche is dependent on the attainment
of minimum weight-for-height and a store of a certain
level of fat which is an important source of estrogen.

Average age at menarche of females in this study was
11.9 years. Martorell’s review considers that menar-
cheal age between 13.5 and 14.9 ;'ears are considered
to have had moderate delays. O Considering this
phenomenon, 23% of the females in this study had
menarcheal age between 13 and 14.9 years who might
have had delayed maturation. Late menarche and
delayed growth especially in early prenancy may inter-
fere with continued growth of the young mother and
adversely affect birth outcome while early menarche
signals better health and environmental cxposures.“’5 2

The prevalence of anemia in females (21%) was higher
than in males (2.5%)(P=0.000). Since the subjects of
this study come from middle income group, prevalence
might be higher in the less previleged group of the
society. Females are often expected to be more anemic
than males because of the high iron needs (15 mg/d) to
compensate for added losses during menstruation
which ranged from 0.6-0.7 mg/d5 3 and continues to be
high for the whole menstrual years while in males,
increased iron needs is only observed during the pubes-
cent growth spurt and sexual maturation then, begins
to decrease thereafter.?’” The iron requirement of
adolescent females is difficult to meet with the present
low iron intake™> suggesting the ned for a supplemen-
tation program.
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INTERVENTION STUDY

Effects of multi-nutrient supplements on Hb, PF, PR
Levels, Frequency, and Duration of Supplementa-
tion

Full results were available for 273 (75% of the 363)
samples from baseline to 12 weeks. The characteristics
of drop-outs in terms of age, weight, height, length of
menstruation, body mass index (BMI), and initial
hemoglobin (Hb) level were not si gnificantly different
as compared to the values of these same variables in
the remaining subjects for the intervention study. Com-
mon reasons for drop outs were: refusal to undergo
blood extraction, absence from the class on the day of
blood collection, and decided not to continue taking
the pill.

Baseline data

At baseline, the age range of females was 14-18 years.
There was no significant difference between groups in
basal age, weight, height, BMI and period of menarche
(P> 0.05).

Table 2. Prevalence and confidence intervals of anemia, low
plasma ferritin, and low plasma retinol levels in
females before supple:mentation1

Study groups (n) Anemia™® Low PF™S Low PRNS

Daily (64) 17.2(8.9-28.7) 26.6(8.9-28.7) 21.9(12.5-34.0)
Weekly,low (70) 24.3 (14.8-36.0) 40.0 (28.5-52.4) 32.9(22.0-45.1)
Weekly, high (64) 21.9 (12.5+34.0) 43.8 (31.4-56.7) 35.9 (24.3-49.0)
Placebo (75) 24.0 (11.7-30.8) 37.3 (26.4-49.3) 32.0(21.7-43.8)
Total (273) 20.9 37.0 30.8

%; ()95% C.I.

anemia=Hb<120g/L; low plasma ferritin levels=PF<20 ng/L, Low plasma
retinol=PR<0.70 pmoV/L.

X-test : Mng significant difference between groups, P>0.05

Also at baseline, there was a high prevalence of
anemia, low plasma ferritin (LPF) and low plasma
retinol (LPR) levels and that there was no significant
difference between groups in initial rates of these vari-
ables (P>0.05) (Table 2). Since it has been identified
that Fe metabolism is disturbed in the course of VAD
it is possible that anemia in the present study was
aggravated by the high rate of suboptimal levels of
plasma retinol (PR). The non-incorporation of vitamin
A in the present Fe supplementation program in preg-
nant women despite of high prevalence of VAD in this
population subset?223 might be a factor of the still high
prevalence of IDA.
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Effects of multi-nutrient-supplements at 8 weeks

At the end of 8 weeks supplementation, there was an
evident significant increase of basal Hb in the multi-
supplemented groups (P<0.001) (Table 3). This may
be attributed not only to Fe but also to vitamin A in the
pills. Vitamin A may have enhanced the mobilization
of Fe>* In a way, folate may have contributed to the
maturation of RBC?* and vitamin C may had enhanced
Fe absorption.

The similar increase in Hb in the different multi-suple-
mented groups at 8 weeks depicts similar efficacy of
the supplements regardless of the frequency and dose
of supplementation, that is either given as daily (DD),
weekly low dose (WLD), or weekly high dose (WHD).
Similarly, many scientists®*'"3 found that less fre-
quent Fe administration, and high or low dose of
elemental iron (el Fe) have similar effectsin improving
hemoglobin level.

The prevalence of anemia (DD=9.4%:; WLD=12.9%;
WHD=9.4%) had decreased in all multi-nutrient sup-
plemented groups. The PL had increased rate of 26.7%.
No significant difference was observed in anemia rates

between multi-nutrient supplemented group
(X?=P>0.05).

Considering the frequency-dose-effect on PF, the DD
had a significantly higher PF than the weekly groups
(P<0.001) (Table 3). Similar findings were observed
by Liu X-N in children.'! On the contrary, Ridwan et
al®® found no significant difference between the daily
and weekly doses in pregnant women. The high
deposition of iron in the DD might have been due to
the increased absorption because of low iron status at
baseline. The presence of vitamin C in the pill may had
enhanced the storage of Fe.'®!° In Indian non-lactat-
ing, non-pregnant tea pluckers, it was shown that
higher doses of Fe (> 100 mg el Fe) are needed to build
iron reserves.>®

The prevalence of LPF (DD=3.1%; WLD=24.3%;
WHD=26.6%) was significantly lower in the DD than
in the weekly doses (P<0.0001 ). The PL had 45.3%.

The effectiveness of vitamin A in increasing PR was
observed in all multisuplemented groups (P < 0.001)
(Table 3). Similar results were revealed in different
population subsets.>*7-

The different regimens of multi-nutrient supplements
had not resulted in any greater benefit over the weekly
doses in improving PR levels (P > 0.05). The preva-
lence of LPR levels was found only in the PL (7%).
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Retinol levels were related with Hb and PF levels at
baseline (r=0.22, P=0.000; r=0.20, P=0.001), at 8 weeks
(r=0.29, P=0.000; r=0.19, P=0.002), and at 12 weeks
(r=0.31, P=0.000; r=0.30, P=0.000). Although the asso-
ciation of retinol to Hb is weak, this might have played a
role in mobilizing iron in the synthesis of transferrin that
makes iron available for hcmatopou:sm Several scien-
tists had tevealed similar findings 22772 The POSHIVR
response of PF to the multi-nutrient supplements might
be due to the immediate correction of VAD leading to
increased utilization of iron.?!

Effects of multi-nutrient supplements at 12 weeks

The results at 12 weeks did not show any increase in
Hb (P > 0.05) but resulted to further increase in PF in
the weekly doses (P < 0.01). The increase in the DD
had not reached statistical significance, however it
remained to be significantly higher than the weekly
groups (Table 3). The significant increase in the week-
ly groups was due to the efficient absorption of iron
because of the right timing of the mucosal turn-over
which occurs every 5 days. The 12 week duration of
supplementation had allowed the building of iron
reserves. The existing high levels of PF in the DD at 8
weeks might have resulted in decreased Fe absorption
because absorption is dependent on the abundance of
iron blockage caused by prolonged intake of high dose
of iron was revealed by many scientist, !2"14 63

The increase in PF without any further increase in Hb
in the multi-nutrient supplemented groups reflects that
the small amount of absorbed Fe may have entered the
storage compartment because females were still Hb
replete at 12 weeks (ranged from 130 g/L to 131 g/L)
suggeting that the existing Hb level was still adequate
to maintain normal physiological functions.

The anemia rates in the multi-nutrient supplemented
groups were: DD=7.8%, WLD=10.0%; WHD=9.4%
while PL had 24.0%. The prevalence rates of LPF
were: DD=4.7%; WLD=15.7%; WHD=18.8%. The PL
had increased in rate to 46.7%. Prevalence rates in both
anemia and LPF were similar between multi-nutrient
supplemented groups (X2=P>O.05).

The DD resulted in a significant decrease in the
prevalence of LPF levels at 8 weeks but slowed down
to the level of the weekly groups at 12 weeks. This
suggests that in situations where logistics and opera-
tional problems occur, the benefits of the WLD can be
considered, it being economical, acceptable, and
beneficial regimen in the prevention of ID and IDA.
The persistent increase in the prevalence of LPF at 8
and 12 weeks in the PL group needs special concern.
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When rapidity of recovery in PF is to be considered,
then the DD is the dose of choice. ThlS 1s congruent
with the findings of Wright et al.%* However, daily
dose of Fe could increase the incidence of unpleasant
side-effects. The assessment of side-effects in this
study might not be very reliable due to the occurrence
of information bias, a rough conclusion may, however,

be deduced on the available data. About 60% of
females in the DD and WHD experienced discomforts
while only 30% in the WLD. Nausea and vomiting
were the common complaints. These abdominal dis-
comforts might have been controlled when pills were
taken after a meal. Most of the females in the study
usually don’t take breakfast at home which might have
aggravated the occurrence of side-effects. Directions
for use of iron pills needs an intensive nutrition educa-
tion campaign. Other benefits on the administration of
low dose need to be considered namely: prevention of
the adverse interactive effects of high dose Fe on other
essential minerals, like Zn,564 * improved service deli-
very; increased coverage, and possible cost-cutting of
Fe therapy programmes. In this study, the percentage
of females taking the pills had decreased as the number
of pills taken increased. This implies that they may be
were simply bored of taking the pills. This boredness
might have been counteracted if pills were only taken
once weekly. The provision of WLD of multi-nutrient
supplements in the schools provides an avenue for
programmatic improvements of the present iron sup-
plementation program.

The generally similar PR levels at 8 weeks reaching to
a similar level at 12 weeks in the multi-nutrient sup-
plemented groups (Table 3) implies that c1rcu1at1ng PR
in the body might had reached a plateau level.®

The level of PR in the blood in under homeostatic control
over a broad range of body stores. %6 PR rises to aplateau
that remains re]ativclg constant until the liver becomes
saturated at 300 pg/g.”> Therefore, a reduced dose of 10
000 IU of vitamin A might be sufficient to maintain
adequate plasma retinol levels. The prevalence of LPR
was only found int the PL and it had increased from 7%
to 10.7% at the end of 12 weeks.

Influencing Factors

The different biochemical markers used to assess
anemia in this study may be influenced by other factors
like: other hemapoietic nutrients, parasitic infestation,
and infections.

Since no female was found to have hypersegmented
cells at baseline, 8, and at 12 weeks (average lobe count
ineach group ranged from 2.9 to 3.2), it can be deduced
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Table 3. Hemoglobin, plasma ferritin and plasma retinol levels at baseline, 8 and 12 weeks!
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Study groups (n) Baseline 8 weeks 12 weeks
Hemoglobin (g/L)
Daily (64) 127.6 +11.0 133.9 + 9.8 130.9 + 7.8%4
Weekly,low (70) 124,3 + 10,6 131.0 + 8.9° 130.5 +7.8%
Weekly,high (64) 126.2 + 10.6 131.2 4+ 8.82 130.0 + 7.7%*
Placebo (75) 127.4 + 10.1 126.0 + 8.6>3 124.6 + 8.8>%*
Plasma ferritin level (ng/L)
Daily (64) 34.7+22.0 59.5 +25.2%3 61.9 + 32.0**
Weekly,low (70) 27,5+ 20,2 37.3+24.7 423 +21.9%4
Weekly,high (64) 30.6 +25.6 39.8 + 24.4% 44.8 +27.2%4
Placebo (75) 3214235 29.0 +22.3% 27.5 + 18.6%*
Plasma retinol level (umol/L)
Daily (64) 0.87 +0.22 1.12 + 0.212 1.17+0.18*
Weekly,low (70) 0.85 £ 0.26 1.11 £0.22? 1.12+0.21*
Weekly,high (64) 0.81 +0.25 1.07 + 0.212 1.15 + 0.22%*
Placebo (75) 0.84 1 0.26 0.92 +0.18%3 0.86 + 0.16>>*

'X1sD

ANOVA: basal Hb; PF; PR between groups, P=0.52; P=0.32; P=0.51 respectively.

significantly different from 2previu:n.ls measurements, P < 0.005
significantly different from®, P < 0.05
4 significantly different from baseline, P < 0.005

that the low Hb level in this study might be caused by
poor iron and/or vitamin A status and not by folic acid.

One common practice in assessing whether anemia is
due to IDA is the res3ponse in Hb. Anincrease in 10 g/L
is indicative of ID.” With this phenomenon, the still
existing prevalence of anemia in the multi-nutrient
supplemented groups which ranged from 7.8% to
10.0% might be caused by deficiency of other heme-
formin% nutrients like protein, pyridoxine, Cu, B2,
and Bp.**

The beneficial effect of deworming drugs on iron nutri-
ture was not evident in this study. At baseline 34% of
the female subsamples were infected with trichuris.
Iron-folate supplements with deworming drugs had
greater marked improvement in Fe status.®” In this
present study, the effect was not evident because the
placebo (PL) group, although given deworming drugs
did not show an increase in iron status. It might be that
trichuris infection did not cause enough blood loss to
produce anemia,% hence it is not the limiting factor of
ID in this study.

The significant increase in PR in the PL group is
unclear. Findings revealed that ascariasis lowers
retinol conccntrations,GQ'70 and fat absorption71 but the
extent to which the control of trichuris had beneficial
effects on plasma retinol remains unfounded.

The females did not have any infection as assessed
clinically at 8 weeks and 12 weeks. This was confirmed
by the results of the white blood cell count (WBC)
which were within normal limits (9+ 4.5 x 109/L). Only
two females from the PL group had diarrhea for 1 day.

Effects of multi-nutrient supplements on Physical
Status, Frequency, and Duration of Supplementa-
tion

Many studies have revealed increased weightn'74 and
linear growth.” All of these studies however, had been
observed in children where growth at this period is still
rapid. Currently, there is no information on the effect
of intervention in adolescents.>® This study is the first
to reveal such information.

The increased weight in the DD and the WLD at 8
weeks (Table 4) may indicate increased dietary energy
intake due to increased appetite attributed to the intake
of multi-nutrient supplements. Basta et al’® revealed
the same effect on iron supplemented latex tappers. At
12 weeks, weight in the WLD, WHD, and PL remained
stable as the values at 8 weeks (Table 4) while there
was a decreased weight in the DD group. The decrease
might be partly due to decreased energy intake because
of the fasting month.
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The significant increase in height between baseline
through 12 weeks (P < 0.005) which ranged from 0.4
cm to 0.5 cm in the multi-nutrient supplemented
groups (Table 4) was higher than the expected normal
increase in median height which is 0.1 cm per month
using the height-for-age reference standards.*® This
can be due to the improved iron status which enhanced
oxidative processes resulting in more energy for cell
proliferation.77 The PL had a cumulative increase of
only 0.2 cm. for 3 months. Since the increases in
height, in the multi-supplemented groups were sig-
nificantly higher than the PL group, it can be claimed
that the increased height was the effect of the multi-
nutrient supplements given.

This study suggests that although, linear growth
decelerates during adolescents, an increase can be at-
tained when the limiting factor of the nutritional insult
is addressed but the increase fall short to compensate
previous losses. Stunting is difficult to reverse when
remedial actions are done later in life when growth
spurt has already occured.>®

BMI remained stable from baseline to 8 weeks, how-
ever, at 12 weeks the mean BMI in all groups had
decreased (Table 4). Although dietary intake at 12
weeks was not collected, decreased BMI might be due
to decreased energy intake in observance of the fasting
month. This may be confounded by the tendency of
adolescent females to often eat less than what is dic-
tated by their appetite because of the fear of becoming
fat. This was manifested in the high rate of low energy
intake (84.8%) at 8 weeks. Another factor to consider
is, since weight gain lagged behind height gain, mean
BMI had significantly declined at 12 weeks.

The persistently high prevalence of thinness should be
given attention due to negative effects in future preg-
nancy and pregnancy outcome. Equally, the high rates
of females at-risk of becoming overweight was very
high (ranged from 30% to 40%) in all group (Table 4).
This may pose future health problems like hyperten-
sion, coronary heart disease, diabetes mellitus, and the
presence of gallstones.44

Studies on the negative effects of iron deficiency on
school performance in pre-school and school-aged
children were revealed by many investigators.7 =
This may jeopardize education attainment due to poor
mental and motor functioning later in increased mental
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and motor functioning.79 These studies, however, were
carried-out among younger children.

Effects of multi-nutrient supplements on School
Performance Test Scores of female adolescents

Biological development and organization of the brain
in humans is very rapid in utero and starts to slow down
in the second year of life.3 Although gross organiza-
tion is nearly complete by 2 or 3 years, maturation may
continue through adolescence and beyond.84 This is
supported by the positive effect of multi-nutrient sup-
plements in school performance in the present study.
The significant increase in test scores in the PL may be
attributed to the learning effect because the same set of
questions were administered before and after the 8
weeks, and possible increased concentration and inter-
est. These same factors may have also existed in the
multi-nutrient supplemented groups. But since the in-
creases were significantly higher in the multi-nutrient
supplemented groups than the increase in the PL group,
deduction may be made that the additional increase in
mean test scores is contributed by the multi-nutrient
pills (Table 5).

Although the mechanism has not been extensively
studied, it can be reasoned out that the supplements
given might have increased the supply of iron in the
brain, and its distribution to the brain cells®® for the
normal development and functioning of dopaminergic
neurons.'

The mean IQ scores of the females which was assessed
at the end of 8 weeks showed that there was a similar
mean IQ test scores between groups, thereby, it did not
show any confounding effect on the results of the
school performance tests.

Dietary intake

Often, variance between individuals in dietary intake
data is difficult to measure due to the flat slope
syndrome incurred in 24-h recall method. This may not
serve as a valid marker to accurately quantitate energy
and nutrient intake®® but results can still be used to give
rough estimates. The present study, showed that ener-
gy, iron, vitamin A anda C intakes of females were
similar between groups at 8 weeks. This indicates that
increases in Hb, PF, PR, and height, and school perfor-
mance test scores can be attributed to the multi-nutrient
supplements.



Vol 6, No 1, January - March 1997

Table 4. Antropometric indices at baseline, 8, and 12 weeks
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Groups(n) Baseline 8 weeks 12 weeks
Weight =
Daily (64) 46.0+6.1° 46.2 + 6.2" 45862
Weekly,low (70) 49.1 + 8.4 49.3 + 8.7! 493 +9.1°
Weekly,high (64) 46.6 £ 6.1 46.7£6.1 46.6 £ 6.0
Placebo (75) 483159 483+59 48.1 £ 6.0
Height 2
Daily (64) 152.7+5.1 153.0+ 5.1 153.2+5.1"
Weekly,low (70) 1544+ 4.5 154.6 + 4.5! 154.8 + 4.5:'2
Weekly,high (64) 153.9 + 4.7 154.1 + 4.8 1543 +4.7"
Placebo (75) 15441 5.0 1545+ 5.1 154.6 + 5.02
BMI 12
Daily (64) 19.7+2.4 197124 19.5+ 2.41'
Weekly,low (70) 20.6 £3.1 20.6 £3.2 205+ 3.3] )
Weekly,high (64) 19.7+2.6 19.7+2.6 19.6 + 2.61'2
Placebo (75) 203124 20.2+24 20.1+2.4"
values are expressed in means and SD
! significantly different from previous measurement; P < 0.05
significantly different from baseline, P < 0.005
3 significantly different between group, P < 0.05
Table 5. School performance test scores of females at basline and 8 weeks
Study groups (n) Baseline 8 weeks Difference
Daily (64) 14.6 £5.6 23.8+7.5! 92+4.5
Weekly,low (70) 13.3+4.9 23.5 +7.0! 10.2 + 4.6°
Weekly,high (64) 144 +5.0 23.3+ 6.6 89+42°
Placebo (75) 145+ 5.1 19.5 £ 5.2! 5027

values are expressed in means and SD of raw tests scores
! significantly different from 3previous measurement, P < 0.002
? significantly different form’, P < 0.05

FOLLOW-UP STUDY (36 WEEKS FROM
BASELINE)

Retention of effects of multi-nutrient supplements
on Hb, PF, PR levels

The problem in a follow-up study is the loss of subjects
as in the case of this study. Although 36.6% can no
longer be located at the end of 36 weeks, analysis
showed that mean Hb, PF, and PR levels of drop-outs
were similar with the values of the remaining subjects.
This suggests that should these females been located
and reassessed, data obtained will be similar as the
analyzed data.

The follow-up study revealed that the efficiency of the
multi- nutrient supplements in restoring Hb at higher
levels at 36 weeks observed in the WLD. The DD and
WHD, although they had higher levels than baseline,
values were not statistically different (P > 0.05) (Table
6). The non-significant difference in Hb between
baseline and 36 weeks, as well as between 12 weeks
and 36 weeks in the DD and WHD might be due to the
small remaining sample size and low calculated power
index at 36 weeks. The reduced difference in Hb levels
between baseline and 36 weeks signals the need for an
intervention.

Retention of effects of the multi-nutrient supplements
on iron stores as reflected by the significantly higher
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Table 6. Hemoglobin, plasma ferritin and plasma retinol levels of females at baseline, 12 and 36 weeks
Study group (n) Baseline 12 weeks 36 weeks
Hemoglobin (g/L)
Daily 37) 126.6 + 12.2 130.7 + 7.8! 128.6 +7.9°
Weekly,low (45) 123.6+9.7 130.3 + 8.3} 126.9 +9.5°
Weekly,high (40) 126.5 £ 10.5 130.3 + 8.0 128.2 +7.4*
Placebo (50) 126.0 9.1 123.3 £ 7.6 120.5 + 7.9
Plasma ferritin (pug/L)
Daily 37) 34.7 +20.7 63.4 1 34.6"2 40.6 +23.9
Weekly low (45) 27.3+19.8 41.8 +20.4! 34.5+19.9'
Weekly,high (40) 29.2 4222 44.9+27.8! 35.5+23.9"
Placebo (50) 29.9+22.1 27.4+18.7% 25.1+18.4"%3
Plasma retinol (pmol/L)
Daily (37) 0.82 + 0.24 1.18 £ 0.19! 1.29 +0.27"3
Weekly,low (45) 0.79 £ 0.24 1.09 +0.21' 1.29 +0.241
Weekly,high (40) 0.77 + 0.24 1.16 + 0.22! 1.30 +0.23*
Placebo (50) 0.76 + 0.23 0.85 + 0.16"2 0.93 +0.18"%2

values are in means and SD, serum ferritin was log transformed for analysis

! significantly different from rprc:vious measurements, P < 0.001
2 significantly different from™*, P < 0.05
3 significantly different from baseline, P < 0.005

PF levels at 36 weeks than at baseline was only ob-
served in the weekly doses. The DD had a higher PF
level at 36 weeks than at baseline but it did not reach
statistical significance (Table 6). The decreased PF
levels in the multi-supplemented groups from the in-
tervention period (baseline) through 36 weeks reflects
that iron stores were used for Hb synthesis. Further
research with longer period is needed to determine the
true stage of iron depletion. The PL had a continues
decreasing values from baseline through 36 weeks
(Table 6). Change in PF levels were similar in all
multi-nutrient supplemented groups. Surprisingly, the
PF levels in the DD had not increased significantly
compared with baseline and that it had utilized its iron
reserves very rapidly compared with the weekly doses.
Further research is needed to confirm and seek biologi-
cal significance on this finding.

The similar rates of anemia and LPF at 36 weeks
indicates that there was no difference in dose-frequen-
cy-related effects that existed between the DD, WLD,
and the WHD regimens of the multi- supplements.

Analysis (binomial proportions) showed that the prob-
ability of females to remain iron replete (PF > 20 pg/L)
after the multi- nutrient supplementation study was
55%. This calculated value was higher than the ex-
pected value of 50% as stated in the hypothesis.

Results indicate that multi-nutrient supplements given
once weekly with low dose retains greater benefits than
the daily and weekly high dose in sustaining the iron
needs of females for 6 months after 12 week sup-
plementation. This has important implications in pro-
gram planning. Longterm effects of iron supplements
on Hb was also observed after 24 months in preschool
children.’’

Retention of effects of multi-nutrient supplements
on physical status

At 36 weeks, mean weight, height, and BMI of drop-
outs were similar with the values of the remaining
subjects. However, the drop-outs were older than the
remaining subjects but it has not affected the analysis
of the remaining data because anthropometric indices
were calculated based on individual age of females.

The long-term effect of multi-nutrient supplements on
physical growth was not evident on weight but main-
tained to be observed in linear growth (Table 7). The
cumulative increase in height for 6 months from the
termination of supplementation in the different groups
were as follows: DD=1.0 cm, WLD=0.7 cm,
WHD=0.7 cm, PL=0.2 cm. The increase was due to the
cohort effect which implies the normal growth that
they have to achieve over time, and to the effect of the
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multi-supplements given. The effect of the supple-
ments was very evident because the increase in the PL
was about 4-5 times lower than the multi-supple-
mented groups. The retention of effects of iron and
vitamin C supplements on 2Physical growth was also
revealed by Angeles et al®® in preschoolers. Further
studies should be conducted to elucidate the increase
in height due to supplementation during this period.

Effects of supplements on decreasing the prevalence
of stunting did not show significant benefits. Marked
degree of retardation incurred in early childhood
generally remains into adulthood which implies that
linear growth during adolescence seems to be minimal
in populations which continue to reside in the same
environment which gave rise to stunting in early
childhood.*® Thinness and obesity were still high in-
dicating urgent remedial measures (Table 7).

Table 7. Anthropometric indices at baseline, 12 and 36 weeks

Groups(n) Baseline 12 weeks 36 weeks
Weight
Daily (37) 465+7.1 466+72 467472
Weekly,low (45) 48.5+7.9 486485 49.1 + 8.412
Weekly high (40) 47.3 +6.6. 472466 4781638
Placebo (50 490459 488 +6.0 49.0+6.1
Height
Daily (37) 1521453 1525+ 53" 1535+ 5.5
Weekly,low (45) 153.8 + 4.4 1542 +44' 1549 +4.4'72
Weekly,high (40) 153.3 + 4.4 1537+ 44" 15444 45"
Placebo (50) 1548 +5.4 155.1£54" 155345412
BMI
Daily (37) 201426 1991238 19.8 +2.7'7
Weekly,low (45)  20.5 +3.1 204+34 205+34
Weekly,high (40) 20.1 +2.9 200428 200427
Placebo (50) 205425 203425 203+24

values are expressed in means and SD
) significantly different from previous measurement, P < 0.05
significantly different from baseline, P < 0.05

Dietary intake

Energy intake of females in all groups was less than
the requirement for this age which is 2100 kcal.®’
Improper eating habits may lead to undernutrition and
aggravate the problem on anemia. The mean dietary
and nutrient intakes of females remained similar be-
tween groups, thus, sustained high Fe status and in-

. creased height can be attributed to the long-term
effects of supplementation.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This study which started with a cross-sectional survey
of 805 females and 118 males showed that there was a
high prevalence of thinness in males (43%) while high
prevalence of overweight in females (33%). A high
prevalence of stunting (22%) in both male and female
school-going adolescents was also observed. Anemia
was prevalent in females (21%) but not in males (2%).

Out from the 805 females, 272 had completed the
intervention study for 12 weeks. At baseline, there was
a high prevalence of anemia (21%), low iron stores
(37%) as measured by plasma ferritin, and high
prevalence of suboptimal level of plasma retinol
(31%). This condition justified the implementation of
multi-nutrient supplements.

Effects of multi-nutrient supplements

Multi-nutrient supplements had improved the :
* hemoglobin and plasma ferritin levels
* vitamin A status as indicated by increased plas-
ma retinol
* linear growth
* and school performance test scores of females

Females receiving placebo pills had poorer iron status.

Frequency-dose effects of supplementation

* The weekly doses either given in low (60 mg el
iron) or high (120 mg el iron) had equally similar
effects on all the biochemical indices, linear
growth, and school performance test scores of the
females.

The daily supplements did not show any greater
benefit in increasing the hemoglobin levels, school
performance test scores, and physical growth over
the weekly doses either given in high dose or in low
dose. The beneficial effect of the DD over the
weekly doses was the significant increase in plasma
ferritin at 8 weeks.

* The DD and WHD showed higher incidence of
side-effects. This might have been related to the
timing of the consumption of multi-nutrient pills.

Duration of supplementation

Longer duration of multi-nutrient supplementation had
not shown further increase in Hb and plasma retinol in
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all multi-nutrient supplemented groups but enabled the
building of significantly higher iron stores only in the
weekly doses. The existing prevalence of anemia even
after 12 week supplementation may imply that this
small portion of females in this study may be deficient
in other hemeforming nutrients which were beyond the
scope of this study like protein pyridoxine, Cu,B12and
Ba.

Multi-nutrient supplements had triggered and increase
in linear growth as short as 8 weeks and continued to
increase when supplementation was extended for 12
weeks. However, values fall short to compensate ear-
lier losses during infancy and early childhood.

Retention of effects

All the multi-nutrient supplemented groups had
retained significantly higher PR levels, and height.
Significantly higher Hb level only in the WLD while
higher PF levels in both the weekly doses were ob-
served. The Hb and PF levels were on a declining level
from the termination of the supplementation period to
36 weeks.

Recommendations

* Tt is highly recommended that combined multi-
nutrient supplementation of iron, vitamin A, folic
acid, and vitamin C be considered as a program to
improve the health, nutritional status, and school
performance test scores of female adolescents.

* It is recommended that weekly low dose (WLD) of
60 mg el iron, 500 pg folic acid, 20 000 L.U. of
vitamin A, and 60 mg vitamin C is preferred be-
cause it is cheaper and feasible.

* The duration of 12 weeks is adequate to build iron
reserves.

* Periodic supplementation is every 6 months is ad-

visable to maintain adequate iron stores.

Further research is recommended to: confirm the

findings of this study in a larger population; assess

the role of other hemopoietic nutrients protein Cu,

B2, pyridoxine (Bg), and B12; the effect of a reduced

dose of 10 000 IU vitamin A; assess the actual

period of iron depletion; and operational research
on service delivery system.

A well-balanced mix ranging from short, medium,

and long-term strategies to prevent ID and IDA

should be implemented.

- Remedial measures (like supplementation) to
decrease the prevalence of stunting should be
done in early childhood during the growth
periods to attain better impact.
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- Nutrition education on proper food intake and
food habits should be an indispensable com-
ponent of the program. Clear directions on pill
intake should also be an integral part of the
program to avoid the occurence of side-effects.

* Establish linkage between government and non-
government organizations to effectively and effi-
ciently carry-out the program.
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