IRON FORTIFICATION TRIAL : RESULTS OF A TWO YEAR
TRIAL IN NORTHEAST THAILAND*
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ABSTRACT

Iron'fortification' trial was undertakensfor-a-diration‘oftwo years in Amphoe Uthum-
phon Phisai, Changwat'Si Sa Ketl Atotal populationefid,242 ins6 villagestwas included in the
study and a group of females age.15-45 years'of which the subgroups.were 124 placebo, 129 for-
tified salt and 165 combined fortified-salt and fbrtified fish.sauiee, was selected for paired study.
The salt was fortified at a concentration of 1 mg Fe/g with iron complex (FeSO 4 :SHMP :
NaHSO 4 at 5:4:3) and 12 months later at 1 mg Fe/g with FeNaEDTA while the fish sauce at
0.25 mg Fe/ml with FeNaEDTA. After a continuous and regular administration and periodic
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observations throughout the two years the paired results were assessed by changes in haemoglobin
levels, and group comparison by changes in serum ferritin values.

Analysis of co-variance and regression lines showed significant rise of mean changes
of haemoglobin concentrations in the two treated groups. The effects of iron fortification as
calculated at 25™ percentile of the population from cumulative frequency distribution of haemoglo-
bin at pre-and post-treatments of the two treated groups.were 0.6 and 0.8 g/dl while those of the
efficacies of fortified salt and fortifiedsalt plus fortified fish.saucewere 37.1 and 34.8% respec-
tively. The slopes and intercépts of the regression linestfitted for each-of theywo treated groups
were similar so that it could-be concluded in'thistrial that iron fortification of saltor of both salt
and fish sauce wereféffective and thatthe effects-of fortification.by salf alone or combined. Sortified
salt and fortified fish Satfee were not sighificantly different eitherexpressed as Slopes. orias the
elevation ofhaemoglobinconcentrations. The findings were substantiated by the improvement
of body iron'stores'in the iwo treated groups as assessed by serum ferritin determinations.

UNAALD

4 o Y ° Ay v
nmsdnumenlugulsndannvasgman 1u 6 nythuvesunegnuwside Juvia
= ! an 4 ¥ a o w
Aigziny FagURnsFennnanaman Ussinuiesas 50 say 40 lumAngwazny mudwy
@ ° a I Y = ! v £y =
MENAINTAITIIMIEMAATHYN 1T 52MNINANUFWIINGNUFIUEADUVIIINIUNAT IIFNY)
a go 1 ' Y | A s 4 3 I § a o
Aot eI vyt Wy BlSIemesn1amanm sathuRarewssihnvalussay
! @ ¥ | -~ & a v &AW ida =
Tguuse vazssimhunawszmasosas 50 wagwuinsaaseonoiihinuelussauiililisnina
1 o | ¥ = a Ao 1 ad o b [
AomaznanIamanvealszanns lumithy insiewiniinnsvie ilinenifnasiqmanswds iy
y o Yo S 4 ' 7
Tatknguneasailu 3 nqu Ao nquaiuae nawlasuindeas unamaniiuasiauio
1 g Vet e g 1 o3 = o v “ H Yo 4N
uazngulaslineldfumigmans i v/ auasusimman mendentsionindenazidmlviungy
a ) o d = a v a o/ v a o saa
nasesdRA a2 U malszdiumanisnisinszdun nunveuslulnaiunazssatiie §S au
Yo ~ 4 ¥ a 4 4%
wuh naulisu i sEENsIgmMantia 2 nqu ImsneuduesdelSinuniamaniiinauluoims
[ Ve o a () oy n‘ A’ ] s v 0 W aa 4 = o 1
mndszauelnlnaimias: ssdurassaumunesinioddyneata  etnuuAUAguA LAY
= o B - Y o
msAnynavesmstes dsfivanvinnsmanudazauve s lulnaduwwd - nquldsunferadnsg
o a  and o, o dd vodyve 4 5 - & . 3
maneTulnolwWsiin™e. 6 it i nesaauiidesmnfouordn/anas vngmaninuiu
w ¢4 o A = o o vy Ve 1y A
0.8 nfunlesidun enmigZininauainsfduas s ladhiseuay 57, udsdt.s dmSunqu
a 4 H = 4 oV RE,
indedunamanuaznguinde—tlallaiusgman Mumiy_sdlsian® minaaoumadany
! 1y Yo - 4 ¥ 1 1 I w } P ¥ 1 vd
1 nqulasumsidsunamanna 2 ngululanulERETIT alaonsnseivoyammz lunquan
Ry a a £ d = d Y = 4 A a & a
fimweluinaluiniufieussseumsiegsungmanminiy wuh Jaunduslulnaduiuiuie 1.16
o ¢ d o ) Py H a 4 4 o Y 1 P a ] 1 o =
nfuesidud lunquinde—inlauaunigmaniofivutunqundeidi unigmaned uduagau
- y sd o - a o Adyy A oqvay goa
W 0.71 nfuesidua msdsudiuwaveansiasusigmanlunm ¢ Yilawed Mlvasuvessau

) 14 | g Al 2 o
1“ﬂqnﬂﬂaﬂq‘ﬂ@ﬂﬂqnq“uﬂ'JqluﬂQﬁ’nﬂ')

2 i nn. 390 1. bdkE od (o)



63

INTRODUCTION

Iron deficiency with and without anaemia is widely prevalent in developing coun-
tries. In Thailand the presence of anaemia varied from 30 to 60 % depending on localities,
groups of target population and in particular economic status. The intervention programme
of iron fortification preferably performed intheshighiriskspopulation can be evaluated by studying
the rise of haemoglobin concentration as-well as replenishment.of bedy.iron stores as assessed by
the measurement of serum ferritin in the target group and the results are tolbe compared to the
placebo group. '8 This report presents preliminary findings on the effects and efficacies of a two
year fortification trial, after distributing-iron.fertifiedssalt and.combined iron fortified salt and
iron fortified fish sauce in groups of females in villages of Changwat Si Sa Kety with low income
populations in the.country.” The present study involves the evaluation of changes in haemoglobin
and serum ferritin coneentrations prior to and two years after commencement of the field trial.
The results of these studies showed that salt, combined salt and fish sauce fortified with iron
were effective in inereasing mean haemoglobin and serum ferritin levels of the population under

7,24,25

study.

MATERIALS AND METHODS

Experimental design

Fortification trial was conducted for a duration of two years in subdistrict of Ban Kae,
Amphoe Uthumphon Phisai, Changwat Si Sa Ket, northeastern Thailand. The subjects were
418 femnales, age 15 to 45 years, drawn from a total population of 4,242 from 6 villages of similar
geographical, socio-cultural and economic status. The placebo and the treatment groups of popu-
lation were-selected from separate clusters of individuals after preliminary surveys to exclude sub-
jects with haemoglobin concentration less than 8 g/dl, iron overload (serum ferritin more than
350ug/1).as well'as pregnant women and lactating mothers. ¥\The initial sample size was more
than'600 females or approximately 200 in each of the three study groups to allow for dropouts
due to lack ofco-operation, mobility to other places, being pregnant or lactating during the‘course
of intervention.

By the’endof the'two year trial, the groups could be finally classified as 124 placebo,
129 and 165 treatment-groups. The. first treatment group had been.given iron fortifiedsalt in a
concentration of I"mg-Fe/glofisalt.as‘iron complex=(ke-(IT) SO4:SHMP:NaHSO4 at 5:4:3) and,
the second treatment group;.— iron‘fortified-salt.at.the same level ‘of iron concentration and iron
fortified fish sauce at a concentration of ‘—11 mg'Ee/ml of fish*sauce as-ferriemonosodium ethylene
diamine tetra-acetic acid (Fe (I1I) NaEDLA). The-iron fortifiedssalt in the form of iron complex
had to switch to FeNaEDTA at 211 mg Fe/g of salt after 6 months of distribution due to develop-
ment of dark color of food during cooking process which was unacceptable. The distributien of
iron fortified products was under constant supervision of local health personnel.

Consumption and acceptability of the fortified products

The iron fortified products were distributed to villagers for few months for testing
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the acceptability and estimating the amount consumed for each individual family of average size
of 7 persons. The average consumption of salt and fish sauce was approximately 10 g/head/day
and 10 ml/head/day respectively. Since the products were distributed on free of charge basis, the
amounts distributed were then limited to these figures to prevent from taking more than needed.
During the trial the amounts of the product consumed by each family were recorded on a con-
sumption card for final calculation efsthe’actual amounts,of salt consumed.

Monitoring of iron/fortified products

Monitering to control-distribution of the fontified and unfortified products were
carefully recorded’at regular intervals throughout the whole study periods” At the production
centre in Bangkok, the products were periodically checked for total ironcontent after the method
described by, Hallberg and Rasmussen.’

Collection of specimens and laboratory analysis

In each subject the haemoglobin concentration was measured initially and tinally at
two years after commencement of the trial. Venous blood samples were collected for haemoglobin
determination, serum ferritin by radioimmunometric assayz’g’lo and abnormal haemoglobin-by

cellulose acetate elution technique.lS

Statistical treatment

The regressions between initial and final haemoglobin values of each group were,com-
pared‘and tested for differences in their slopes and intercepts.“‘ 16 The response to iron fortifica-
tion was c}_etermined by measurement of haemoglobin changes above their initial values o6t.both
treatmént groups and placebo group: The analysis of co-variance was applied to/obtain more
precise, comparison between groups by removing the effects of differences in their initial hagmoglo-
bin concentrations.

Finally the treatment effects and efficacies of the trial were estimated by ploiting the
cumulative frequency distribution of haemoglobin concentrations when admitted to and at the

end of the trigkincomparison to-these of apparently healthy subjects, (Ehe numerigal index was
obtained from the.cumulative curves at a 75 percentile of thé population.

Comparisonef mean initial and final serum ferritin of-thegplacebo and treatment
groups were calculated by Student’s “t*test.after logasithmic seafisformation for normal dis-
tribution (geometric means).

RESULTS

Consumption of salt and fish sauce
Data obtained from a monthly record on salt and fish sauce consumption over the

o
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period of 24 months were tabulated in Table 1. The average consumption of unfortified and
fortified salt was 10 g/head/day based on average family members of 7, and 6 to 8 ml/head/day
of fish sauce either fortified or unfortified.

Hookworm infestation

The prevalence of hookwerm'infection-was.mild to'moderate. The faeces were positive
for hookworm ova in 61%gof'118-villagers randomly sampled for Stoll’s.egg count!’ ; of this
50% had marginal inféction having{l-1,000eggs/ g faeces and/1 1% moderateiinfection having
1,000-4,000 eggs/g faeces. There was no évidenee-of-differences in haemoglobin concentrations
between the normalicases with negative«€gg counts and the marginal or moderate hookworm in-
fected groups{(Table 2).

Haematological characteristics

Complete blood profile of Si Sa Ket villagers as compared to apparently healthy sub-
jeets in Bangkokiwere shown in Table 3. These vaiues were obtained from preliminary survey
for haematological characteristics.*>® The overall incidence of anaemia in 6 villages were shown
in Table 4.

In comparison with Bangkok subjects, the blood profile of Si Sa Ket subjects showed
no definite decrease of the parameters in males. In women, there was a definitive decrease in
héematocrit, haemoglobin and transferrin saturation levels, while the total iron binding capacity
(TIBC), unsaturated iron binding capacity (UIBC) and free erythrocyte protoporphyrin (FEP)
were elevated. The serum ferritin values in Si Sa Ket subjects were extremely low, — about one
third of the Bangkok levels. However, all parameters except most of serum ferritin values'were
within normal limits.

Evaluation of fortification trial

Table 5 showed mean initial and final haemoglobin concentrations of the three'study
groups. . In testing for differences in mean initial values of haemoglobin concentration of the
three groups, the results showed significant difference by one way analysis of variance (E>1).
The results of the trjal were then egmpared by analysis of co-variance to remove theeffects of
differences in the initial'haemoglobin.concentrations (Figure1):

After fittingregressiongines to the three groups, = placébo(Groupdl), and the two
treatment groups (Group2: iron fortified salt’and Group 3:'irén-fortified salt plus iron fortified
fish sauce), a common slope offeach regression line was calculatéd.and tested for statistical dif-
ferences among these three groups. From'thesresultssofranalysis of co-variance, it could be seen
that the slopes differed significantly from each other (F = 19.1443, p<0.001). After adjusting
means for the differences in initial haemoglobin concentrations for each individual, the intercepts
of regression lines were then compared. The results showed that the intercepts of the two treatment
groups differed significantly from the placebo (F = 12.0837, p £0.001) but there was no dif-
ference between the two treatment groups (t = 0.163) nor the intercepts (F <1). It could be con-
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cluded that in this trial iron fortified salt and iron fortified salt plus iron fortified fish sauce were
equally effective in increasing haemoglobin concentrations.

The analysis of co-variance for group 1, 2 and 3 was tabulated in Table 6 and , for
group 1 and pooled data of group 2 and 3 in Table 7. The estimated regression equations were
y = 3.159 + 0.736x,y = 5.670 + 0.5608xandy = 5.726 + 0.5512x for groups 1, 2, and 3 res-
pectively, andy = 5.704 + 0.552x for.poeledsdata from group 2 and 3.

Body iron stores of the placebo andgtréatmeént group

Bodyfiron store ofithe placebo and the two treatment groups at pre-test and 2 years
after the ironfortification were showr in Figure2mlmproved body iron status of paired subjects
as determined by immunoradiometric assay of serum ferritin was evidenced by increase in mean
serumiferritinvalues after2 — year trial; 8.62, 71.5 and 89.1 % for groups of placebo, iron for-
tified salt and.combined iron fortified salt and iron foritfied fish sauce respectively: By Student’s
‘t’ test, the mean.ncrease in serum ferritin levels was highly significantly differeft from the
placebo (p <0.001).

Effects and efficacies of the iron fortification trial

Figure 3a, 3b and 3¢ showed cumulative frequency distribution curves of treatment
population as compared to the normal before and after the intervention programme. The effects
(B-A g/dl) and efficacies (B-A)/(C-A) X 100% as determined at the 25th percentile of the popy-
lation were shown in Table 8. The treatment effects in groups receiving iron fortified fish sauce
were 0.65 and 0.8 g/dl and the efficacies were 37.1 and 34.8% respectively. The individuals who
showed good response to the iron fortification or ‘‘responders’” were 61.4 and 69.1% and the
mean-haemoglobin increase in responders were 0.71 and 1.16 g/dl for group 2 and 3 respectively.

DISCUSSION

The actual consumption of salt and fish sauce both fortified and unfortified obtained
from the family record cards during the whole study period were tabulated in Table'l. The figures
were quitesimilarito those obtained from the short term test for their-acceptability in.adults; on
the average.of 10:g/of salt/head/day. As for the fish sauce, the-actual consumption as recorded
in the family €ensuription/cards was 7te-9.ml/Head/ day'vs 10-ml/headyday. bythe acceptability
test.

The daily iron.intake was 7'mg/head/day:which is half ef'those found among sub-
jects in central region.13 The highsprevalence-of-anaemia 0f 56:2% and depleted body iron stores
evidenced by low serum ferritin of less than 15 ug/land high absorption of iron from standard
reference dose in accompany with mild hookworm infection (Table 2) confirmed that these low
economic population groups were at risk for iron deficiency with and without anaemia. The
haematological characteristics of the population under study (Table 3) were also substantiated
that the most prominent finding was serum ferritin values of about one third of the Bangkok
levels and suggested that this population was suitable for the field trial. However, it should be
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noted that the mean initial value of haemoglobin in females was less than the level for normal
healthy females of 12 g/ digh=

The present study was designed to conform to human nature as much as possible in
order to create no disturbances of usual daily life and environments by giving adequate education
transfer with minimal incentive to enable re-applicability if feasible. However, we have found
that during the first 9 to 12 months of distributien-of the fortified products, villagers were enthu-
siastic and very co-operative and.then become 1ess 50 during-the restiof the following years. The
results as previously evaluated in the first'9'ymonths in-a limited number. of subjects were
encouraging, the meanincreases.in haemoglobintand serum ferritiniconcentrations were signifi-
cantly higher than the initial values especially in females: >

The achievement of any field trial depends very muchon the consumer acceptability.
It was found fromithe surveys.that in order to prevent unacceptable darkening of its color;.the
fortified dose for fish ‘sauce had to be reduced to i mg Fe/ml of its original. concentration of
1 mg Fe/ml at the 6th month of fortification. For salt we had to switch from iron complex to
FeNaEDTA because of the resulting smell of sulphur and development of dark color when salt
fortified with iron complex was used to preserve food and vegetables and again the fortifying
dose had to be reduced to 211 mg Fe/g of salt.

Non-paired comparison showed only 12.8% reduction of overall prevalence of anaemia
as assessed by haemoglobin congcentration (Table 4). The lower the haemoglobin values at pre-
test the better response were obtained as can be seen more obviously at the haemoglobin levels
of less than 8 and between 8 to 10 g/ dl. The assessment by serum ferritin concentration showed
40.8 % reduction of iron depleted cases having serum ferritin values less than lower limits for
normal females ( <13 Lg/ ). However, at least the iron repletion accomplished in this fortification
study for iron depleted individuals was significantly convincing.

Statistical treatment of the fortification trial by analysis of variance and by fittifig
a regression, line of the final haemoglobin concentration on the initial haemoglobin concentratign
of the placebo and tested groups shown in Tables 6, 7 and Figure 1. The non-parallel regression
lines'of'the tested groups to the placebo group indicated that the effect of treatment were dif-
ferent at different levels of initial haemoglobin concentration. Both iron fortified salt‘and com-
bined iron fortifiedssalt plus iron fortified fish sauce were equally effective in increasing haemoglo-
bin concentration as shown by a definite elevation of the regression lines over that.of the placebo
(Figures 1a andi1b). The estimated effect of the trial (Table 8 and Figure 3) a$ shown by.the shift
of haemoglobin cencentration toward.the'normals at 250 percentile of the population were 0.65
and 0.8 g/dI for groups.réeeeived iron fortified sdlt-and comtined fron fortified salt and iron for-
tified fish sauce respectivelymThe numerical indices of efficacy»wefe 37.1-4ndB34.8 % accordingly.
Among the subjects who received iren fortified.salt.and/or-fish sauee€; the number of responding
individuals were 61.4 and 69.1 % and, the mean haemoglobin increase was 0.71 and 1.16 g/dl

respectively.
Serum ferritin values appeared to be a strong confirmatory parameter in showing the

significant response to iron fortification. The evaluation of the trial confirmed improvement
by 71.5 and 89.1 % of the originally existed body iron store in the two tested groups (p<<0.001).
However, after the trial, mean serum ferritin values in these groups of population were still in the
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low normal range approximately half of those found in Bangkok females. while the values at

pre-test were only one third of the Bangkok level.
Nevertheless, it might be concluded that the trial produced moderately effective results

for the selected target group.20

Although the mean increase in haemoglobin concentration was not impressive, the
repletion of body iron stores or levels of serum ferritin were significantly convincing. The degree
of response depends on many, faetors, the. mostimportant of.which are in order: how high the
initial haemoglobin andsserum ferritin yalues, how regular the-administration of the fortified
products at consisténtly high endugh fortifying dose of iroil orthe constant acceptance of the
consumers, and how high the Pioavailability-of<iren-compourds mixed in a definite recipe of
food ingredients.l’g’lz’19 Recent studies in India indicate that the fortification of common salt
is technicéilly feasible and field trial has shown a good haematdlogicél response.“’26 Similarly,
preliminary analysis‘of an extensive field trial by fortifying refined sugar with’NaFeEDTA in
Guatemala has shown significant improvement in iron status.” However, there are many factors
that may contribute to fail to demonstrate a beneficial effect of fortification for a variety of reasons
as previouély mentioned.' Field trial is the.more costly and a long term effective program. The
trial may fail/because the fortified product is not well accepted by the population as well as pitféills
related to the design itself. "We realized from this intervention ourselves the facts that to obtain
the results of the trial as evaluated in 2 years takes time, expenditure and much efforts fntit'the
time that the effects of the fortification would be demonstrable. In thié particular case, many,
variables mostly unanticipated had repeatedly arisen.
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Table 1. Average consumption of salt and fish sauce both fortified and unfortified as obtained
from a monthly record over the period of 21 to 24 months in the villages under studies.

* Village Food vehicle Number of | Consumption ** Range
families* mean + SD

6 Wnfortified salt 98 10.7+ 2.85 7.9-13.6

1,3,4,5 Iron fortified salt 181 10.1+ 3436 6.8—13.5
(img Fe/g)

2 Iron fortified salt 76 10.2 @22 3.32 " 196.8— 13.5
(zllmg Fe/g)
fron fortified fish 72 8.1 £3.04 5.1=11.1
sauce ( th mg Fe/ml)

2 Unfortified salt 76 8.6 + 2.81 5.8—11.4
Unfortified fish sauce 74 6.9 +£ 2.35,\ 45— 9.2

* Average family member of 7

** g/head/day for salt and ml/head/day for fish sauce

Table 2. Hookworm infection and haemoglobin coneentration in 118 villagers.

broup Sex (M,F) Haemoglobin (g/dl) Plvalue*
(number) mean + SD
Negative egg counts F(19) 11.71 £ 1.91 -~
M(24) 13.26 + 1.64 -
Marginal infection F(33) 11.90 + 1.38 NS
M(19) 13.36 + 1.33 NS
Moderate,inféction F(9) 12:16-+ 1.01 NS
M(5) 13:92 +1.21 NS

*P_values were obtained by comparisonito group withinegativelegg.counts usirig.the unpaired Student’s ‘t’ test.

NS = not significant
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Table 3. Blood profile of 189 Bangkok subjects and 138 villagers in Changwat Si Sa Ket (Mean

+ SD).
Parameter Fmgkak 1 5u Ket
Male'(n =45) |Female(n = 144)|» Male (n=37) |Female(n=101)
Age (years) 27.7¢# 6.36 | 23.3 £6.58)/ -37.0 + 68, | 352 + 6.8
Haematocrit/{(%) 44+ 220 .41.0+ 246 | 40.2 + 3.5 354 + 3.5
Haemoglobin (g/dl) 14,84 0:87 | 13.8 £0:90.1~13.4 + 13835 119 + 1.33
Serumiron (ug/dl) 107.0 + 27.96 | 107.9 + 21.97 |125.5 + 63.4 }:105.6 £ 59.9
UIBC (ug/dh 251.3 + 36.27 [260.3 + 34.57 [265.5 + 65.2 | 286.7 + 87.7
TIBC (ug/dl) 365.0 + 50.58 |369.1 + 46.47 [391.3 + 97.3 " [394.0.+ 99.0
Transferrin 29.7 + 5.57| 29.1 £ .6.20 | 29.6 + 10.1 %255 + 11.0
saturation (%)
Red Cell . 228+ 7.09 | 339 + 15.1 | 376 + 16.3
protoporphyrin
(ng/ml)
Serum ferritin* 81(21-314) 48 (13-173) 32 (5-192) 15 (3-80)
g/l

*Geometric mean values ( + 2SD given in parenthesis) from 209 male, 503 female villagers in Si Sa Ket and 45

male, 200 female Bangkok subjects

Tabled. Haemoglobin concentrations, serum ferritin values and prevalence of anaemia‘in ron-

paired population from 6 villages at pre-test and 2 years after the trial.

Pre-test 2 years
n % n Yo
Haemoglobin (g/dl)
Female
<8 26 5.27 9 1.80
8-10 87 17,65 49 9.88
10 - 12 164 33.30 185 37.30
>12 277 56.19 243 48.99
Total 493 100.0 496 100.0
Serum ferritin (ug/ 1) 503 41.9 496 24.8
<13
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Table 5. Mean initial and final haemoglobin concentrations of the three study groups.

— Initial Hb (g/dl) Final Hb (g/dl)
mean + SD mean + SD
1. Placebo 1232 £ 1.31 12.23 £ 1.11
2. Fortified salt .65 £ 1760 12.20 + 1.16
3. Fortified salt + 1150 + 1769 12.06.+ 1.16
Fortified fish sauce

Table 6. Analysis of covariance (group 1, 2 and 3), comparison of regression lines.

Regression {Deviation from regression

coefficient | df SS MS

Source of
Variation

df | @X)? @G| G)

Group 1 124 1212.2439 156.2939|152.6423 | 0.7364 124 | 37.5494| 0.3053
Group 2 129 | 330.1986| 185.1870| 150.6970'|  0.5608 128 | 46.8441 | | 0.3659
Group 3 165 | 472.5024 | 260.4555(223.2562 | 0.5512 164 | 79.6931 1§ ' 0.4859

Sum of deviation from regression 415 {164.0866 | ' 0.3954

Pooled within
418 '1014.9449| 601.9364 | 536.5955 |  0.5937 417 | 179.2259 | 10.4298

group
Comparison between the slopes
F = 7.5696/0.3954 = 19.1443, P <0.001
Slopes are highly «significantly different.
e g 2" {.51.3487| 8.3313 | 2.2963
group
Total 420+.,/1066.2736| 610.26771-538.8918 419.-/189.6131 | 0.4525

Difference between adjusted-means
F = §71936/0.4298-=-12:0837, P.<0:001
The difference is highly significant.

1 dud. pn. 108 Y., bdkE od (o)
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Table 7. Analysis of covariance, mean haemoglobin differences between group 2 and 3.

Source of Regression| Deviation from regression

variation

dt | 63 (DT 05 | oetricient | a5 T s5 —

Pooled group
2+3only | 294 |802.7010:/:445.64251373.9532| 0.5552 293 | 126.5420 | 0.43188

Between 2
groups 1 15640 |\ '1.1489 1.3423 ) .

Total 2951 804.26491446.7914 | 375:2955 294 | 126.7571| 0.43115

Difference between adjusted means
F = 0.21511/ 0.43115, F<1
" ‘No significant difference

Note : By Student’s ‘t’ test, the slopes of group 2 and 3 are not significant different (t = 0.163).

Table 8. The effects and efficacies of iron fortification trial.

¢ Effects Efficacies Respondersl Mean Hb
Group of subjects increase
B-A) g/dl [B-A/(C-A)}x100%| (%) (g/dl)
1. Placebo 0.15 12.5
2. Iron fortified salt 0.65 37.1 61.4 0:71
3. Tron fortified salt + 0.80 34.8 69.1 116

Iron fortified fish sauce

J. Natl. Res. Council Thailand, 1986, 18 (1)
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Final haemoglobin

ol Placebo (1)
_Z /Salt )
— Fish sauces+ Salt (3)

Initial haemoglobin

Final haemoglobin

(b) o

... “Placebo(l)
- —-wPooled 2+3)

Initial haemoglobin

Fig. 1 Comparison of regression lines of the placebo and the two treatment groups (a) ...placebo,
— — =fortified salt, — combined fortified salt and fortified fish sauce, (b)...placebo, — - =

pooled data (fortified salt + combined fortified salt and fortified fish sauce).

23.5

29.5

15.6

[] Pre-test
3 30 — B 2 years
=
=
=] i .9
g 17.4.A8
h]
g 10
=3
5

0
Placebo
(v, =~124) S

(n—=-142)

Iron fortified Iron fortified
Salt”+, Fish sauce

(ne=165)

Fig. 2 Mean increase,in'serum‘ferfitin levelsin placebo and'2 tfeatmentigroups at 2 years after

the trial (paired results):
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