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Nutrition education improves serum retinol
concentration among adolescent school girls
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Dietary diversification has been identified as ataimable intervention method in developing coestrivhere
subclinical vitamin A deficiency exists. Nutritieeducation is central to all methods of nutritiotemvention
including dietary diversification. The paucity ofalable data currently limits the effective userftrition
education in national programs in Sri Lanka. Weessed the effect of nutrition education on nutnitielated
knowledge, food consumption patterns and serumalketioncentrations among 229 adolescent schod, girl
aged between 15-19 years. Knowledge on nutriioogd consumption patterns and serum retinol concen-
tration was assessed at baseline. Interventidndad nutrition education as lecture discussiontgractive
group discussions and four different methods affeecement. Knowledge, food consumption patternd an
serum retinol concentrations were reassessedaftar week period of intervention. Educationatinéntion
resulted in a significant increase in knowledBe(.001) and consumption of local vitamin A rich iso The
percentage of subjects with low serum retinol coiregions (<20pg/dL) decreased from 17% to 4.8%e T
effect of nutrition education on serum retinol centcation was highly significanP&0.001) in subjects with
baseline serum retinol concentrations below 20pN/itrition education was effective in improving kmedge
and food consumption patterns among these girfecfifeness was of biological significance, as aitp@
change in serum retinol concentration was obseiweslibjects with initially low concentrations, andt in
subjects with initially normal serum concentrations
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Introduction improving vitamin A status. However, it has bedown
The goal of dietary diversification is the achievemef that when carotenoids are contained within a cormpia-
behavioral change in production, selection, prejiarand trix, the matrix has a negative effect on bioavailiey of
finally consumption, of food. It has been suggestat, to carotenoid€. This lays emphasis on the need for education
be sustainable, a national program should be basesh messages to focus on food preparation and dietmatan
information- education- communication (IEC) strategijentifying foods in isolation. During adolescensehen
combined with commu.mty mobilization, agrlcijlturai- girls experience rapid biological and psychologiciange,
puts, long term promotion, support and follow up.-The ' hey hecome more receptive to external influencesliet
Qevelopment of suc_h a national program rqulreealres and lifestyle change compared with adults. Furttieey
in thg Iogal context |n.terms of a population’suigments, can be used as agents of change in their currentuanre
pract|cgl_|ty anq effectiveness. L . . families. Thus adolescent girls are a suitableetaggoup
Deficient diets are often lacking in many merts. It is . . . ; .
. IIor the introduction of good dietary practices. 9n Lanka

nutrient deficiency has been observed in this stpolyu- m“'“p"? nut.rltlonal deficiencies su1%h as vitamin #on
lation previously?® Unlike supplementation, a dietaryand folic acid have been reportetf’*°among adolescents.

approach which focuses on the total diet can addaesNutritioryal deficiency quing adol_escence is likaly be
range of nutrient deficiencies. A further benesit,a die- du€ to increased nutritional requirements for groand
tary approach is its cultural acceptability if datly de- developmentand blood loss during menstruatfon.
signed’ with a low possibility of adverse effects. Ghana_ Girls of low socioeconomic status would have added
has identified the need for a transition from cépslistri- disadvantage of a reduced nutrient intake due tio, Bolow
bution to a sustained food based interventiand Thailand income and level of knowledge on nutrition. Iniscessary
has successfully carried out food based intervesfio to develop strategies to improve the nutritionaitist of
Unresolved issues regarding dietary intereentiange adolescent girls as the benefit is twad:fdio improve

from those of effectiveness of interventions tobpeas of
bioavailability. A study on weekly supplementatiai Correspondence address: Prof Sunethra Atukorala, Department

. . of Biochemistry and Molecular Biology, Faculty of Meide,
pregnant women witlf-carotene or retinol at levels NeaYniversity of Colombo, P.O. Box 271, Colombo 8, Srika
those of the recommended dietary allowance, demaiggt Te|: 9411 2697485, Fax: 9411 2691581
a 40% decrease in maternal death rhighlighting that Email: sunethra@eol.Ik.

food sources of vitamin A could play an importaolerin Accepted 12th May 2005
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educational, physical performance and general lhealt Table 1. List of foods included in the food frequer
among adolescents and to ensure that they entgr pre questionnaire

nancy with a satisfactory nutritional status. Logatlap
ted community and school based nutrition educatias Dark green leave@he subject filled in two types of leaves most
been suggested for improved food practices in Afti¢n C;?P;rtr;only eaten)

Sri' Lanka nutrition ed'uca}tion to_geth'er with suppleme  vqjiow sweet potato

tation was _effective in improving iron status among pympkin

school girls’® However effectiveness of nutrition educa  phal

tion in improving vitamin A status has not beeneasgd Mung

in Sri Lanka. The objective of the present study teas Cowpea

evaluate the effectiveness of dietary diversifmati Eggs

through nutrition education in improving serum meti Meat (the subject filled in two types of meat most connigaeaten)

concentrations of adolescent girls from low socio- Smalfish

- Big fish

economic groups. Tir?ned fish
Dried fish

Materials and methods Mango
Subjects Papaw
The study sample discussed in this paper was a sub-Other frequently eaten frujthe subject filled in two types of
sample from a larger study in an urbah¥ 576) and a fruit most commonly eaten)
rural (N = 339) area on iron status of adolescent girs- (1 '\\(/I(Ialghurt
19 years) from low socioeconomic groups, followirgn Curd
supplementation and educational interventfonAll girls lce-cream

included were post menarche. Subjects who testsd po
tive on a faecal worm egg count by the Kato Katargu
titative techniqu¥ were excluded from the present study.
Two hundred and twenty nine girls for whom pairethda
on serum retinol was available were included in phe
sent analysis.

Development of educational tools and approach

In order to develop effective nutrition educationls and
identify the most appropriate education approachts
community, formative discussions were carried aud a
characteristics of the study population were ingastd.
Study design Qualitative data were collected from discussiondd he

The study was interventional in design and all girls2Mong a sample of adolescent girls comparable ¢o th
received nutrition education. The girls were agseder ~ Study population in age and socioeconomic staths (t
level of knowledge, food consumption practices aed  formative groupN = 10). Food selection and preparation
rum retinol concentration before delivery of therition ~ Practices, factors that currently limit adequaten-co
education programme and after a ten week peridctef sumption of food, knowledge related to nutritiondan

vention. attitudes towards gaining knowledge and changirttabe
vior accordingly, were explored.
Baseline data collection Qualitative data used in designing the edopatate-

A pre-tested multiple choice question paper wasiaidm rial, in choosing the mode of delivery and in desig the
stered to assess baseline knowledge on nutrititve T questionnaire on knowledge, is presented belowcipRe
guestion paper was based on the following topiks: t that increase the content and bioavailability ofoea
common nutritional deficiencies in Sri Lanka, thenco tenoids/vitamin A and iron and factors limiting tboon-
sequences of anaemia, the consequences of vitama A sumption were identified through the discussionisie®
ficiency, population groups at increased risk offele common recipes were identified for the preparatidn
loping these deficiencies, the common iron richdoin  dark green leaves. In these preparations bioditiyaof
their area, the common vitamin A rich foods in theiea.  vitamin A and iron are increased due to the additd
Scoring for the paper was out of a maximum of 100oil, animal protein and lime. Cooking pumpkin, rcar
marks. A pre-tested interviewer administered fé@d  and yellow sweet potato with coconut milk or oil rere
guency questionnaire was used to assess food coidentified as methods of preparation in which bio-
sumption patterns (Table dontains the list of foods). availability of carotenoids would be increased.ghtost
This questionnaire included Sri Lankan foods rich inwas a limiting factor in the availability of souscef pre-

retinol, carotenoids and other micronutrients. formed vitamin A such as eggs, dairy products arichal
A sample of venous blood (10ml) was colleateder  products.
safe and sterile conditions between 8.00am andldhq Perceptions on home gardening were investigate

for laboratory assessment of serum retinol conagotr  among the formative group. Of those who had lichite

and for estimation of iron statisand haemoglobin con- land for home garden cultivation, some had vegetabl

centration at baseline. Height was measured uaing and fruits in tins and pots while others believiedt tthey

standardized height scale to the nearest 0.01nWemht  had inadequate space for vegetable cultivationoatth

was measured using a Salter (UK) scales to theeskar they had flowers in tins and pots. The lack oéiiast for

0.05kg and the Body Mass Index (BMI) was calculated yegetable and fruit cultivation was due to a latkmder-
standing of the link between health and adequate co
sumption of foods rich in specific nutrients.
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Key issues that influence the willingness to change
trition related behavior were identified througstady of
attitudes towards education among the formativeugro

health and on food groups. Nutrition related infation
included in the school curriculum prior to and dgrithe
period of intervention was noted in order to prevamy

Most girls expressed that they would like to knowconflict of messages given. There were no othéttimn

whether they had vitamin A deficiency, and said thay
would be willing to make a behavioral change torecir
the deficiency if identified. Among those who didtn
wish to know whether they had a deficiency, mostewe
willing to try to make a behavioral change. All lgir
wanted to learn about nutrition and food.

While a few adolescents felt that “since thesafa were
prepared by an adult they could not change it”, trgots
felt that “since they were receiving the informatifsom
school, the adult concerned would be happy to vecei
and act according to the information”. In this coomity
the younger generation is more educated than tiher ol
generation. Thus adolescent girls could be usedjasts
of change of their families.

The formative discussions were facilitatedabyoung
adult, to assess the feasibility of using youngltagdu-
cators in the main study. The girls expressed dhpér-
son closer to their age would be more sensitivénéir
needs. The girls were receptive and a relaxed and i
formal atmosphere could be generated. In desigthiag
education programme, methods of education and rei
forcement that were practical to be used in fiedttisgs
were selected. The education messages, the matiddi-of
very of the messages, the visual aids and the iquest
naires were pre-tested in a comparable group ofeado
scent girls and modifications were made where rsecgs

Content and delivery of the education programme
Delivery of the education programme

The first encounter was in the form of a lecturedssion
of 30 minutes duration using flip charts as visaals
followed by a further 15 minutes discussion timeriig

which the educator answered questions from thei-part

cipants. This first meeting was used to generatgpport
between the participants and the educator. Postlish

were replicas of the visual aids, were displayedthsy
participants in the school in a place identifiedtbg stu-
dents and staff. Trained young adults were used

exposures from the main school curriculum was ebguec
to make the girls more conducive to behavior chahga

to mere acquisition of knowledge. That the edocati

was perceived by them as a pleasurable and relax
experience was shown by their anticipation to nbet

education messages received by these girls fromosch
during the period of study. Monitoring of factdrem
outside school, that may influence nutrition knaige of

the subjects were not carried out at an individesél.
However, national education programmes addressing
these issues were not conducted through the madi&a me
during this period. There were no major changesnii-
ronmental conditions affecting food availabilityodels
selected for promotion were those available through
the year.

Content of the education programme

The central theme of education was to identify astmat
girls as a vulnerable group to developing nutriiodefi-
ciencies and that increased vulnerability is dueinto
creased nutritional demand during adolescence edupl
with inadequate intake. In particular, the impoca of
maintaining a satisfactory vitamin A, iron and piat
energy status was discussed. The next segmenteof th
discussion focused on the consequences of defieené

Nhese nutrients during adolescence, pregnancy and i

early childhood. That they are the future mothet®w
need an adequate nutritional status to maintaitirheas
also emphasized. As future mothers of their newiljam
they can ensure good nutri-tion for their childiethey
are willing to use this information to positiveljhange
their behavior. Much emphasis was placed on tlke fa
that “little changes can make a big difference”.

In delivering food based information to impeonutri-
tional status, the following information was empbed.
The importance of an adequate total diet in termgrof
tein and energy. Highlighting cheap vitamin A arah
rich foods in their diet (eggs and small fish asdjwalue
for money, and dark green leaves, and yellow fruitas
coupled with selecting combinations of foods amzipes
that would enhance bioavailability of these nutisen
Three preparations identified at the formative stége

%Fark green leaves were promoted. Cooking with eato
educators in this study. Separation of the educatio g P g

oil or milk was encouraged rather than prolongedirigp
Thus the information required to effectively divéysihe
diet within the economic constraints faced and anting
for cultural sensitivities was given in a practicedy in

%qder to empower these girls.

educators another time even after the education WaSainforcement
completed. The approach used by the educator wh&gginforcement was designed in four different forms.

delivering the education was to help the girls fewedt
they are the agents of positive change for the &hol
family. Since the education was delivered in aterin
active manner, negative attitudes exhibited by ghsi-
cipants could be discussed and solutions founigesletvel

of the group.

Possible influencing factors

These girls did not receive any additional nutritiou-
cation messages outside our intervention, from agho
during the period of study. The school curriculum i
cludes information on the need for a balanced ftiet

Reinforcement in the form of further education sees
was at two and five weeks after the first sessiuh \&as
carried out as interactive group discussions. THuersl
form of reinforcement was the posters that werplajged

in the school. Between the first and second edurcat
sessions each subject was given a pditetella asiatica
(Gotukola) plant as the third form of reinforcemeitis
had three aims. The first was to reinforce the tizat this
commonly eaten plant has both vitamin A and irod an
that the common method of preparation contains renha
cers of vitamin A (oil) and iron (vitamin C). Thend
was to emphasize that dark green leaves can bly easi
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grown in pots or tins even where land availabiltyjow.  concentrations <20ug/dl indicating marginal or Idefi-
The third was to act as a reminder of the educatimhto  ciency. Seven of these girls (3.1%) were also mmae
stimulate discussion around it in their homes. w#en  (Hb <120g/L). Only three subjects (1.3%) had véow
the last education session and the end of theveriéibn  vitamin A status indicated by a serum retinohc
period groups of girls were given boards and cadur centration of <10 pg/dl (Table 4) and their mean-co
pens and asked to make their own posters includimgg  centration was 7.67 + 1.95ug/dl.

they thought were important education messages. This

was the final form of reinforcement. Table 2. Baseline nutritional status of the study sample
Nutritional status N mean SD

L aboratory methods _ _ Height (m) 215 154 006

Serum retinol concentration was estimated by reversyygight (Kg) 215 421 6.94

phase high performance liquid chromatography (HPLC)BMI (Kg/m?) 215 17.7 2.37

using the protocol recommended by the InternationaBerum retinol (ng/dI) 229 31.4 12.3

Vitamin A Consultative Group with modifications as  Haemoglobin (g/L) 224 129.5 12.7

dicated below. A C18 column was used as the solid _

phase and a methanol: water (97:3) mixture as thieilen ~Table 3. Frequency of consurtion of local food:s

phase® An internal standard (retinyl acetate) was addeOntaining vitamin A or provitamin A following nution
. . education

to the sample and subjected to the same extraption _

cess. The standard curve was generated from $tesh Subjects who consumed foods

dards prepared on each day of analysis. Controples -F00dS > twice per week : :

. . . Baseline Post intervention
and serum samples were run in duplicate. Haemuyglob (N=204) (N=212)
concentration was estimated in duplicate for eachpde N % N %
by the cyanmethaemoglobin methidd.

Egg 79 38.7 98 46.2
Post intervention assessment DGLV t 18 8.82 42 19.8**
The same multiple choice question paper and food fre Carrots 49 24.0 72 33.9*
guency questionnaire were used at the end of theéek  Pumpkin 15 7.35 35 16.5%*
period of intervention. A sample of venous bloodswa Mango 45 22.1 69 32.5%
collected under the same conditions as at baseieeum  Papaya 25 12.3 37 175
retinol concentration was measured by the sameadeth  'pGLv=dark green leafy vegetableB0.05 by cHi test. ** P<0.005

by ch? test.

Statistical analysis

Data were entered and analysed on SPSS for Windo
Version 11.0. The effects of intervention and thg- si
nificance of the effects were assessed using thredot
test. The significance of the changes in food dataew
assessed by the CGhest using the EPI INFO statistical N mean SD mean  SD

able4. Knowledge scores and serum retinol concentration
ollowing nutrition education

Baseline Post intervention

package Version 6. The baseline data and the sftfct Knowledge
intervention were not significantly different bewsve scores 1
All subjects 195 613 107 67.3 13.8%

urban and rural groups and hence the data weregdmi Serum retinol

analysis as one intervention group. (ug/dl)

. All subjects 229 314 123 334 13.2*
Ethical clearance . . _ >20 pg/di 190 346 109 346 129
The study was approved by the Ethical Review Commit- <20 pg/d 39 157 316 278  12.9%
tee of the Faculty of Medicine, University of Colom 10-19.9 La/dl 36 163 2' 17 28l3 13'1**
Sri Lanka. Written informed consent was obtainednfro 7 Hg ’ ' ' )

<10 pg/dl 3 7.67 195 22.2 12.9

the Ministry of Education, principals of respective

schools, each participant and their parent/guaydisior T Knowledge score was out of a total of 100 marksteBladata for

to recruitment knowledge was available for 195 girls.P<0.05 by paired t-test.
) ** P<0.001 by pairec-test

Results

Basdline ent Post intervention assessment

Locally available foods rich in preformed vitaminahd Education resulted in a significar<0.001) increase in

carotenoids consumed by these girls were eggs, kinmp knowledge on nutrition (Table 4). Their initial mean

ducation score increased significantB<(.001) from
dark green leafy vegetables (DGLV), papaya and mangé:“ . a o
The consumption pattern of foods at baseline isrgine 61.3 (SD=10.65) to 67.3 (SD=13.77). A significgnl

Table 3. The mean height of these girls was 1.0, greater percentage of girls ponsumed dark greefy lea
and the mean weight was 42.1+6.94kg (Table 2) with gegetables (DGLV), pumpkm P&0.005), - carrot and_
mean BMI of 17.7+2.36 kg/fm Mean serum retinol con- mango P<0.05) more.than twice per w_eek._ Consumpnon
centration in this population was 31.3+12.3pg/dbase- of egg and papaya increased following interventabn

line. Mean haemoglobin (Hb) concentration was 329. thf:)ugh it bdid nfot rE‘,"‘Ch sta_ti;tilcal significanc_e t(IIEaB).
12.8g/L. Thirty nine girls (17%) had serum retinoIT e number of subjects with low serum retinol corcen



Nutrition education inopes serum retinol concentration in adolescens girl 47

trations (<20 pg/dl) reduced from 39 (17%) to 1B%) that it is still possible to use education as dectifve tool.
after intervention. A significantP<0.05) mean increase When they were exposed to information that wasvesie
in serum retinol concentration was observed inttdtal to them and delivered in a practicable manner tigate
population. The impact of education was greateoragn were able to utilize it.

those subjects who had marginal or low serum retino Our study aimed at dietary diversification pyo-
concentrations at baseline, indicated by a sigmific moting local foods rich in retinol, carotenoids amither
(P<0.001) improvement in serum retinol concentrationmicro-nutrients and by promoting locally acceptatde
(Table 4). The mean serum retinol concentration incipes and preparation methods. The importance ef th
creased from 16.3ug/dl (SD=2.17ug/dl) to 28.3ug/dladequacy of the total diet was emphasized. Locaanjie
(SD=13.1pg/dl) in subjects who had an initial serumpractices which enhance the absorption of micrioenis
retinol concentration between 10ug/dl and 20ug/the  were identified and promoted. The aims of the atlan
increase in mean serum retinol concentration ofests  package were to highlight dietary practices thdtagmce
with a baseline serum concentration of <10ug/dl wasnicronutrient content and bioavailability and talirate
from 7.67ug/dl (SD=1.95ug/dl) to 22.2 pg/dl (SD= practices that are less desirable. Acceptancheofdod

12.9ug/dl. Serum retinol concentrations did nadnge
with education in subjects who were not initiallfidient
(Table 4).

Discussion
The effectiveness of nutrition education was studied
relation to serum retinol concentrations, in 226lascent
school girls.

effective in improving knowledge, food consumption

patterns and serum retinol concentrations in adelds
school girls. These girls did not receive any niainit
education messages outside our intervention, fidhod,

based intervention is central to its effectivenedsere-
fore ideas and practices that were unfamiliar o |ttal
community were not introduced. In identifying thaci-
fic pandanus fruit, as an important source of gesain A
carotenoids, Englberget al, highlight that foods selected
for promotion should be acceptable to the local mom
nity.® Our findings support this view, demonstratingt tha

In our study, nutrition education waspromotion of acceptable dietary practices carfleetive.

In conclusion, we were able to demonstrate tha
trition education can be used effectively to redineepre-
valence of vitamin A deficiency and to improve saeru
retinol concentration in subjects with low concatitms

during the period of study. Knowledge on nutrition by changing food consumption patterns. The effeetiv

among adolescent girls increased significantlyofelhg

ness of an intervention is best measured by itétyakbd

education IP<0.001). This was associated with increasednake a change in those subjects who need an improve

frequency of consumption of locally available foash
in carotenoids such as pumpkin, dark green leamasgo
and carrot. The smaller increase in consumptiorguf
and papaw did not reach statistical significancssjidy
due to the increased cost of these foods. A qadimg

ment. Thus, in this population, education brouditiua a
biologically significant change. Future researtiowd
address issues of long term sustainability. Froenview
point of a national intervention scheme the schymihg
population affords easy access. However, featyihiti

analysis of the food frequency questionnaire wat naerms of cost effectiveness needs to be assesgmdtqr

possible as data for micronutrient composition adal
plants is not yet available. A reduction in prevale of
low serum retinol concentration (<20ug/dl) was ackd.
Further, serum retinol concentrations were sigaiftty
(P<0.001) higher following nutrition education, inbsu
jects who had low serum retinol concentrations asteb
line.

In a previous study we demonstrated an investe
tionship between serum retinol concentration dmd
churis trichuraload®, therefore, helminthic infection was
considered a possible confounder. All subjectectet
for this study were those who tested negative felr h
minthiasis. Social marketing has been demonsttatbe
effective in achieving behavioral change leadingttite
consumption of carotene rich foods and signifigantl
reducing vitamin A deficiency in Thailarid.In Vietnam,
a national vitamin A deficiency prevention program
cluded nutrition education to increase awarenessataf
min A deficiency and feeding practices related itandin
A deficiency. The results indicated an increasean-
sumption of vitamin A rich foods over a ten yearipe:.*®
Nutrition education was also successfully carriagt o
among mothers in Tamil Nadu, India and Bangladésh.

Girls in this study were from low socioeconomi
groups and their living conditions were pddr. Despite
the considerable social and economic constraimisthiey
face leading to less purchasing power our studgaisv

implementation.
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