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Anaemia due to iron deficiency is still a widesgtgaoblem. Among adolescent girls, it will bringgagive
consequences on growth, school performance, moybadid reproductive performance. This cross seation
study aimed to identify the different nutritionaidhiron status characteristics of young adolesgatst 10 — 12
years old with iron deficiency anaemia and anaewithout iron deficiency in the rural coastal aref o
Indonesia. Anaemic girlsN(= 133) were recruited out of 1358 girls from 34reéntary schools. Haemo-
globin, serum ferritin, serum transferrin recepémd zinc protophorphyrin were determined for irdatiss,
whilst weight and height were measured for theiritianal status. General characteristics andatjeintake
were assessed through interview. Out of 133 amaenidjects, 29 (21.8%) suffered from iron deficienc
anaemia, which was not significantly related to agd menarche. About 50% were underweight andeslun
indicating the presence of acute and chronic matiart. The proportion of thinness was significgnitligher

(P <0.05) among subjects who suffered from iron deficy anaemia (51.7% vs. 29.8%). Furthermore, thin
subjects had a 5 fold higher risk of sufferingniriron deficiency anaemid (< 0.05) than non-thin subjects
(OR: 5.1; 95%CI 1.34 -19.00). Further study was maoended to explore other factors associated with
anaemia and iron deficiency anaemia, such as #lasemia trait and vitamin A deficiency. The eatriron-
folate supplementation program for pregnant wonteukl be expanded to adolescent girls.

Key Words:. iron, deficiency, anaemia, adolescent, girls, urban, Indonesia.

Introduction associated with iron deficiency anaemia. Irondeded for
Despite more than 30 years of iron supplementghi@a haemoglobin formation. Approximately 73 percenttiod
gram, anaemia is still a widespread problem amaeg-p body’s iron is normally incorporated into haemogigtl 2
nant women and under-five children in Indonesiderin percent in the storage complexes of ferritin andhdre
vention through iron supplementation during pregyansiderin, and 15 percent is incorporated into otinen—
might be too late for improving pregnancy outconass containing compounds such as enzymes. When itakén
many women are already anaemic or iron deficiaiten does not meet the requirement for normal iron wver,
they enter pregnancy. Many adolescent girls framalr iron stores can become exhausted.Low dietary iron in-
areas usually drop out from school and enter ngeriatake (below 2/3 of RDA, is the major cause of anaemia in
during adolescent period or at around 17 yéarshere- Indonesia. In addition, iron in a rice-based dias poor
fore, anaemia prevention has to start prior to paegy, or bioavailability, which leads to poor iron absorptioOther
even earlier, during adolescence period, consigetfirat nutrition factors causing anaemia are deficiencegro-
anaemia among adolescent girls will bring negative- tein, folic acid, vitamin B12, vitamin A and copgef'*
sequences on growth, school performafitesnorbidity Non-nutritional causes of anaemia include chromie i
statusand future reproductive performarfte. fections such as malaria, worm infestation and ditegy
The definition for anaemia refers to an abralynlow haemoglobinophathies such as thalassemia and siekle
haemoglobin level due to pathological conditionateel to disease$™®
nutritional and non-nutritional factors. Ir0|_’1. deéincy is Correspondence address. Directorate of Community Nutrition,
one of Fh.e most Common Causes of mft.”t'o_nal arm%m'Ministry of Health, Republic of Indonesia. H.R. RaauSaid,
Iron deficiency anaemia (IDA) is a condition in whise- Bjock X-5, Kav 4 — 9, Jakarta 12950
vere iron deficiency causes anaemia. Some fundtmora Tel: +62 21 5277153; Fax: +62 21 5210176.
sequences such as cognitive impairment, decreasgd pVebsite: www.gizi.net

; - ; ; mail:gklinis@yahoo.com, anie_indriastuti@yahoo.com
sical activity and reduced immunity are commonl ccepted 8th November 2005
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The Indonesian National Household Health Suive

Anthropometric measurement

2001 showed that 30% of adolescent girls (10-19 yrsMeasurement of body weight and height was conducted

were anaemic (haemoglobin level <120 §/)This figure
is similar to findings from other smaller studidwwing
an anaemia prevalence between 22% and*#¥%in-
dicating that anaemia is a public health problenmito-

by a trained nutritionist using standardized proces®
Body weight was measured using the platform weighin
Scale (770 alpha; SECA, Hamburg, Germany) to the
nearest 0.1 kg and body height with Microtoise tape

nesia. According to WHO guidelines, anaemia is-con(Microtoa Type Height Measure; CHASMORS LIMI-
sidered a public health problem when the prevaléace TED) to the nearest 0.1 cm.

higher than 15%"°

This cross sectional study was carried owhiow the
characteristics of adolescent girls 10-12 yearssafter-
ing from iron deficiency anaemia compared to theke
suffered from anaemia without iron deficiency. Sbtu-
dy was the first stage of a larger study on thea$f of
iron-zinc supplementation on iron-zinc status anolr-m
bidity status amongst anaemic adolescent girls.

Material and methods
Subjects

School girls from 34 elementary schools in two -sub

districts of the coastal area of Teluk Naga and Kisa
were studied. Sub-districts, Tangerang DistrictntBa
Province, Indonesia were recruited. Initially, 138#8ls

Nutritional status was defined on the basiZ-stores
of weight-for-age (WAZ) and height-for-age (HAZ)
according to WHO-NCHS, 1983. In this study, 10
(7.5%) subjects had heights >145.0cm, therefore, th
BMI-for-Age (BMI/A) according to the NHANES re-
ference values, 2084vas used to assess thinness.

Subjects were categorized to have normal trangl
status when their BMI for age lay betweer2 SD and
<+2 SD, whereas underweight was defined when WAZ
<- 2SD, stunting when HAZ <- 2SD, and thinness nvhe
BMI-for-Age < - 2SD.

Food and nutrient intakes
Dietary intake was assessed using 1 x 24 hourlraadl
food frequency questionnaire. Food models and house

aged 10-12 years old were screened for haemoglobimold measurements were used to assist subjecte-in d
using Hemocue from finger prick. Those who had haefining portion size. Fifteen mothers were intewéal to

moglobin concentration <115 g/IN(= 238) were given

verify their daughter's answers, particularly tcextain

antihelminthic drug (a single dose of 500 mg mebenthe ingredients in foods/dishes. Energy and nutrien

dazole).
drawing (at this time venous blood) was carried and
those who had haemoglobin concentration <120 WE (
133) were enrolled in the study.

Study area

One week after deworming, a second bloodhtakes was calculated using software of NutriSuraed

World Food program on the basis of the IndonesiaodF
Composition Tables (MOH-RI, 1979,1995,208f and
compared to the Indonesian RDXsData from the 24-
hour Food Recall and FFQ were also used to estithate
bioavailability of iron consumed. The availablenrm-

The study area was located around 30 km west oftdaka take was calculated by taking into account the iron

The total population of two sub-districts was 118,00f

content of foods/meals along with the presenceranf i

which 23.000 (11.5%) were aged 10-14 years olde Thenhancers (heme-iron and vitamin C promote iron
illiteracy rate was 16% which was higher than theabsorption) and inhibitors (phytate and tea inhikiin

national level (10.2%).
millions rupiah/ year in Teluk Naga and 2 milliongpiah/
year in Kosambi, which were lower than the natianal
come per capita (7.1 millions rupiah/year; 1 US$229
rupiah as of February"7 2005)!® These data indicate
that both areas can be categorized as poor areas.

Laboratory measurement

The income per capita was 4bsorption) (method adopted from Gibson and Feajuss

in 1999%). The formula to calculate the available iron is:
“Available iron intake (mg/day) = {(bioavailabilityof
iron (%) x non heme iron intake (mg/d)} + heme iron
intake”. Age and menarche were obtained from ingsvy

Statistical analysis
All statistical analyses were performed by using fino-

Venous blood drawing was performed by an exper@ncegram Statistical Package for Social Sciences (SR&S)

nurse during 8.00—-10.00. Haemoglobin concentratias

windows version 11.5. Data were checked for normal

determined using cyanmethaemoglobin method (Cetl Dy distribution by the Kolmogorov-Smirnov test of nor-

1700). Serum ferritin concentration and serumstiemin

mality. The descriptive statistics of mean, staddiavia-

receptor concentration were assessed using ELISA méen (SD) and the proportion (%) of numeric valwesre
thod with equipment of Labsystems (Multiskan Ascent) calculated. Relationships between menarche, rartati
Zinc protophorphyrin was measured using portableahem status, iron dietary intake and status of anaergi®\ana-
tofluorometer of the Helena ProtoFluor® Reagent-Syslyzed using Chi-Square test. Multivariate ANOVA was
tem. Anaemidwas defined when haemoglobin (Hb) con- performed to determine the characteristics of age;

centration was <120 g/L, whilstsubjects were cate-
gorized as having iron deficiency anaeifildaemoglobin
(Hb) concentration was <120d/l. serum ferritin (SF)
concentration <12g/L*8, serum transferin receptor (TfR)
concentration >8.5mg/f and zinc protophorphyrin
(ZPP) value >4@mol/mol heme®

narche, nutritional and iron status among subjadis
suffered from iron deficiency anaemia.

Ethical approval

Parents were informed about the procedures ancgerp
of the study. Subjects were enrolled in the statter
written informed consent was obtained from thehars
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or fathers. The protocol was approved by the Ethicahge, menarche, nutritional status and iron stafie
Committee of the Faculty of Medicine, University lof
donesia and the Local Government of Tangerang Distric among the 2 groups. The variables of nutritional iaon

Results
Profile of the adolescent girls

In general, the hygiene and sanitation conditiorthis
population was poor, as reflected by 30.1% of sibje
still had a habit to defecate in the river, seagarden.
Only 11 (8.3%) girls had menarche and the averggeoa
menarche was 11 years old. Table 1 shows thacha
teristics of subjects with iron deficiency anaeri@m-
pared to non-iron deficiency anaemia subjectsrimgeof

Table 1. Characteristics of subjects, weight, height,

Bodv Mass Inex and iron stat.

Variable : Non-IDA IDA ¥ P value
(N=104) (N=29)
Menarche (n, %): 9(8.7) 2(6.9) 0.763
Age (yrs} 105+ 0,5 10.5 0.6 0.723
Weight (kg)* 26.7+5.6 26.1+4.1 0.508
WAZ? -1.72+069 -1.64+0.83  0.601
Height (cm} 132.2+8.7 132.8 £6.0 0.666
HAZ! -1.71+#1.00 -1.78+1.16  0.756
BMI (kg/m?)* 15.1+1.6 148+ 1.7 0.278
BMI/A* -1.63+1.01 -1.38+0.92 0.238
Iron status:
Hb conc. (g/L} 1115+ 6.3 105.5+9.2  0.002
SF conc. ifg/L)* 32.8+18.4 7.1+2.6 0.000
TfR conc. 8.1+3.8 15.4+ 58  0.000
(mg/L)*
ZPP valueimol/  56.8 £19.7 79.8+355  0.002
mol heme)

"Non-IDA=anaemia: Hb conc <120 g/FIDA: Hb conc <120 g/L,

SF conc <12ug/L, TfR conc >8.5

mg/L

and ZPP value

>40 umol/mol heme. Significant differences’d¢P <0.001) and”
(P < 0.01) (Independent T-testiMean + SD
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average age, weight, height and BMI were comparable

status were normally distributed®<0.05; the Kolmo-
gorov-Smirnov test).

The mean of WAZ, HAZ and BMI/A was negative,
indicating that growth and length development was i
paired in these girls based on WHO-NCHS, 1983 and
NHANES reference value, 2062. The prevalence of
undernutrition was high; 42.1% were underweight1%%
stunting and 34.6% thinness (Table 1). The propoidf
thinness was significantly higheP<0.05) among sub-
jects who suffered from iron deficiency anaemiay(Hi);
thinness was associated with 5 fold risk of irorfi-de
ciency anemia (OR: 5.1; 95% CI 1.34 -19.00), (T&)le

Table 2. Nutritional status of anaemic subjects
those with iron deficiency anaemia

Nutritional Non-IDAT DAY OR 95% ClI
status (N=104) (N=29)

N (%) N (%)
-Underweight: 43 41.3 13 448 04 0.09-
WAZ < -2 SD 1.78
-Stunting: 48 46.1 12 412 0.9 0.32-
WAZ < -2 SD 2.57
-Thinness: 31 298 15 51.7 51 1.34-
BMI/A < -2 SD 19.00

"™Non-IDA=anaemia: Hb conc <120 g/fIDA : Hb conc <120 g/L,
SF conc <12ug/L; TfR conc > 85 mg/L and ZPP value >40
pmol/mol heme; "Significant difference at R<0.05) (Logistic
regressior

Iron status

Among 133 anaemic subjects, 27.3% had serum ferriti
concentration <12ug/L, 51.1% had serum transferrin
receptor concentration >8.5 mg/L and 81.2% had zinc
protoporphyrin value >4imol/mol heme (Fig. 2). These
findings suggested that the major cause of anaemia
amongst young adolescent girls in this study was in
sufficient iron in red blood cells rather than irstorage
insufficiency. Serum ferritin concentration retieciron
stores'® whilst serum transferrin receptor concentration
indicates concentration of iron being transportead the
zinc protophorphyrin value indicates the iron sypfar
erythrocyte formatioR’

81.2

51.1

27.3

The proportion of underweight, stunting . 10
thinness among anaemia non iron deficient anddefitiency

0

SFconc <12 Ug/L  TfR conc > 8.5 mg/L ZPP conc > 40

umol/mol heme

Figure 2. Indicators of iron status among anaemic subjects
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Table3a. Energy and nutrients intake.

Energy & nutrients : RDA Non-IDAT IDA ¥ P value
(N=104) (N=29)

Energy (Kcal/d) 1900 1122.2 +114.7 1126.5 + 143.2 0.880

Protein (g/d} 54 438+ 6.6 453+ 6.3 0.270

Iron (mg/d)* 14 6.9+ 2.2 8.3+26 0.011

Vitamin C (mg/d)! 50 33.0+49.4 55.6 + 111.0 0.278

'Non-IDA=anaemia: Hb conc <120 g/l!IDA : Hb conc <120 g/L, SF

conc <3@y/L, TfR conc > 8.5 mg/L and ZPP value 34@ol/mol

heme. Significant difference atf < 0.05) (Independent T-testiVlean + SD

As expected, Table 1 showed that the mean haemaglo
and serum ferritin concentrations were significafdlver

biron bioavailability was not significantly differérbe-
tween the two groups (Table 3b).

(P<0.05 andP<0.001), whilst serum transferrin receptor

concentration and zinc protophorphyrin valuesensg-
nificantly higher P<0.001,P<0.05) among subjects with
iron deficiency anaemia as compared to anaemi@stshj
However, in general, all subjects were in poor istatus.

Energy and nutrient intakes

In general, the subjects consumed insufficientgnand
nutrients (Fig. 3). The average consumption of gynand
nutrients (protein, iron, vitamin C) was below timelo-
nesian RDA’ (Table 3a). The energy and nutrient intake
were not different between subjects with non-irafi-d
ciency anaemia and those with iron deficiency ariaem
except for iron intake. The total iron intake amaub-
jects with iron deficiency anaemia was much lowemnt
the Indonesian RDA (2002) of 14mg.day for girls cge
10-12 years!
anaemia had iron intakes significantly high&<@.05)
than the non-iron deficient, the heme irotalke an

120

100 100
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o g0 75.9
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Figure 3. The proportion of subjects with energy and nuatse
intake < 80% Indonesian RDA, 2002

Discussion

Among all anaemic subjects, the proportion of stilsje
with iron deficiency anaemia was 21.8%. The prevet

of iron deficiency anaemia in the population unsierdy
was higher than in other areas of Tangerang disinct
which the prevalence of iron deficiency anaemia agso
female elementary school children was only 4% @ th
total anaemic children (UNICEF, 2001; unpublish&d).
This latter finding was comparable to the prevaleate
Sanaemia in primary school girls in urban areas @it
Vietnam (3.7%Y° In the current study, the prevalence of
iron deficiency anaemia in the total population \2ak%
(29 out of 1,358 girls) and age and menarche wete n
found to be risk factors for iron deficiency anaanmihis
was expected given the narrow age range of they stud

Even though subjects with iron deficiency g niacts and that most of the subjects were not- men

struating.

The proportion of malnutrition in both groupsing
various measurements was quite high. Almost Halfi®
subjects had either one or both measures of aaude a
chronic malnutrition. Subjects with iron deficignanae-
mia seemed to be more vulnerable to being undehteig
indicating that adolescent girls who suffered fragute
malnutrition were also at risk of suffering fronoiir defi-
ciency anaemia. The proportion of underweighthis t
study (42.1%) was higher compared to a study among
urban primary school children in West Jakarta andd
(8-10 years), where the prevalence of underweight
amongst girls was only 7.8% (WFA-Z scor& However,
it should be noted that in this study all subjeetse anae-
mic, which in this case the anaemic subjects had bea
poorer condition.

The nutritional status of the population irsthtudy is
in line with the nutritional status of children agander
five living in urban slum areas of Jakattavhich revealed

Table3b. Estimated available iron intake intakes, its eckasmand inhibitors.

Nutrients *Adequate Non-IDAT IDA ¥ P value
Intake (N=104) (N = 29)
Heme iron (% iron) >40% 13 13 0.290
Non-heme iron (% iror) <50% 86.9% 85.5% 0.068
Phytate (g/dj <13 13.5+3.8 13.4+4.7 0.987
Tea (ml with meal} <200 50.5+£91.5 75.9 £ 104 0.240
Iron bioavailability (%} > 30% 6% 7% 0.386
*Available iron intake (mg/d) >4.2 0.4+0.3 0.6 +0.3 0.038

Non-IDA=anaemia: Hb conc < 120 g/LIDA : Hb conc < 120 g/L,

SF conc < }@)/L, TfR conc > 8.5 mg/L and ZPP value > 40

umol/mol heme.Available iron intake (mg/day) = {bioavailabilityf aron (%) x non heme iron intake (mg/d)} + hemeri intake
(mg/d), (Gibson and Ferguson, 199%jignificant difference ai < 0.05) (Independent T-testilean + SD ;
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that 27.9% of them suffered from both anaemia anad-s The lifestyle of adolescent girls in this ptgiion was
ting. It is assumed that children living in poaeas relatively homogenous. Students of elementary dchoo
suffering from anaemia and chronic malnutritionlhwlso  usually have similar food patterns and food sedecti
be malnourished during adolescence. Meal skipping and irregular eating pattern chardmts
It is generally assumed that anaemia wastlyno the adolescent food habit$he dietary recall in this study

caused by iron deficiency in areas where anaenpaels showed that breakfast or lunch appeared to be & m
valent® The generalization that anaemia was mainly duérequently skipped meals. It should be noted that
to iron deficiency is derived from studies amongwem. meal skipping among our subjects was not due ttindie
As expected, this study reveals that adolescelst {i0— but due to socio-economic condition. High bioavailley
12 years old) who suffered from iron deficiency @am#&  iron rich foods, which are usually expensive, wazllom
had lower iron status than those who did not. dltth consumed. A study of adolescent girls in East Java
the proportion of anaemic subjects with iron defiy 2001 supported this assumption, which showed thkst g
was only 22%, the iron status level of anaemicestint had a lower chance of being anaemic when they had a
girls was not optimal. About 27% of all subjectther  higher socio-economic stattfs.
with or without iron deficiency anaemia had low wsar Although the prevalence and severity of wonfeA
ferritin concentration (<12ig/L) reflecting depleted iron station was not investigated in this study, worfiedtion
stores in one third of anaemic subjects. Whileuser is likely to be an important cause of anaemia, thede-
transferrin receptor concentrations were >8.5 mgich  fore should be considered as a component of amaaae
provides information on the severity of tissue deficy  alleviation program. This is shown by the fact thae
or deficiency of iron in the circulation. Zinc poet week after deworming tablet administration, 44.18at
phorphyrin values >4Qmol/mol hemein the red cell of 238 anaemic children (Hb <115 g/l) became-non
indicates the low availability of iron supply faed blood anaemic (data not shown). Perhaps the bad praatice
cell maturationt®?**?* More than half of all anaemic personal hygiene and poor sanitary facilities at riral
subjects had high serum transferin receptor coratiort ~ coastal area have put the population at risk afcitdn.
(51%) and high zinc protophorphyrin values (81%)Data from Tangerang District showed that the proport
showing that both lack of iron stores and iron $upp of respiratory infection cases among the age godup —
caused anaemia among young adolescent girls in this4 years was almost half (45%) of total caes.These
population. data also showed that cases of diarrhoea, typloditis

The mean of serum ferritin concentration dfamae- and mastoiditis, conjunctivitis, varicella, measlead
mic subjects was still in the normal range (2idL). @ TBC were still high among this group, reflecting ttha
Whilst the mean of serum transferrin receptor conce during pre-adolescence, children are still vulnkrdbr
trations (9.7 mg/L) and the mean of zinc protophgriph  having infectious diseases.
values (61.8umol/mol heme) were both higher than It is concluded that anaemia and iron deficyeanae-
normal range, suggesting that the depletion of gimmes mia are problems among young adolescent girls & th
was not a major factor causing iron deficiency amae rural coastal area of Tangerang District. Instehdom
In this study, the inability of iron supply on ties store depletion, the lack of iron supply for haetobm
function for haemoglobin formation might lead sultge formation might lead them to suffer from anaemial an
to suffer from anaemia. In this condition, insteddron  inadequate intake of iron rich foods should be w@red
store deficiencies, the possibility of abnormaditia the  as the contributing factors. Other factors contiily to
haemoglobin (haemoglobinopathies) should be consiautritional anaemia were not explored in this stuslych
dered as the cause of inability of erythrocyteade iron. as vitamin A deficiency and other nutrient defidies.
A study conducted among the same population of 15@everal studies have shown that poor vitamin Austa
female students aged 10-12 years old showed tha¥39 associated with low haemoglobin concentrafioff
of them had haemoglobinopathi@s. Findings on low The high prevalence of anaemia amongst youiog a
intake of iron were consistent with the findingsrfr a  lescent school girls in rural coastal areas miglaidl to
study in Malaysia. The prevalence of iron defickenc multiple health problems, such as impaired cogaitiv
anaemia among adolescent girls from a rural comtywuni function, reduced school performance and poor repro
in Sabah, Malaysia, was 28.6%. Similarly, the gtird  ductive health. These in turn would impact the fetgua-
Malaysia also showed that almost all female adeleisc lity of human resources. The current iron-folatpEa-
girls (91%) had a dietary iron intake below twordlsi of  mentation program for pregnant women should be expa
the Malaysian RDA levet' It is interesting to note that ded to non pregnant women, including adolescens. gir
the consumption of iron and iron enhancers weghtlli  The school health program is a potential strateginto
higher among subjects with iron deficiency anaemiarease the iron status as well as improving thesigén
However, considering that the iron intake was lm®, health and nutritional status of school childrefwith
any difference in iron intake will not give a sifjoant regards to the possibility of haemoglobinopatheesti-
effect. In this study, the iron intake did notfiluthe cularly in the area where the prevalence of anaemia
increased iron requirements during adolescencechwhi considered to be high, a screening procedure igestigd
might explain the lower proportion of iron deficgn before iron supplementation program is launched.
anaemia among stunted subjects (Table 2). During ad
lescence the greater demand for iron are for tyeiwth  Acknowledgements

spurt and development rather than for iron stotes. The author would like to thank the students whdigigated in
this study, and acknowledge the enthusiastic hetm fthe
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