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1.
 
Introduction
 

Ihis publication is one of a senes of manuals pub-
h%hcd by the International Nutntional Anemia 
C'onsultative Group dealing with various aspects of 
nutritional anemia. It is recommended that this 
%oltumi should N' read in conjunction with the oth. 
er voluni.s in the series As. outlined in the first 
,olumec. "Guidelin.s for the Fradicationof Ir,,n LX'. 

i'ncv Anemi" ("'Guidelines"). in dccvoping a 
national program for the control of iron deficiery. 
a .ontbination ot ',tra.gies such as supplementa. 
tion. fortification. nutrition cducation and parasite 
control will often K- tcecss,"ry In many countries, 
howet-r, an inlprtant stategvy is supplement;-
tion. %%hereiron is supplied in medicinal form to 
vLJlneraHbh segments of the population, 

In developing programs of supplementation, it is 
essential that trials of proposed m..asures be car
ried out in representative population groups before 
they are introduced on a regional or national scale 
In the last few years. in several countries, trials 
have been initiated which have highlighted some 
of the difficulties which a.riw in the design and 
analysis of such trials 'liT prewent publication is an 
attempt to provide guidan e for future invet iga
tor, in this area It should, ho%,ever, tN empha
sized th it in every case tis imIXrtant that a 
competent statistician tN' .issi.atd with the plan
niig., execution and anal.,is of any tr al 'This doc
ument is not in any way meant to 'va substitute for 
the personal involvement of a statisticuan. 



2.
 
Iron Nutrition
 

'hrl healthy, well-nourished individual has a cer-
tam amount of reserve or storage iron in the body 
which may be utilized for metabolic functions in 
peruiids of increased iron requirement or decreased 
iron intake In peri(os of continuing negative iron 
balanct, the first necasturable change in iron nutri-
ture ia . progressivc dtc'-ase inl serum ferritin con. 
tenlration When iron ,ores are more depleted. 
here i%fno omger adequate iron supply to the mar-

row I his is retlct ted in a decreas in thesat Iuration 
of irculatlin; tran..ferrmn. an mrease in er'thr.tc 
protoporpivrin and finally a decrease in hcmoglo-
bin concentraioi 

rh ultimate aim of intervention strategies is to 
achieve a state of normal iron nutrition in the target 
p;iopulition. or to approach as near as possible to 
this, within the limitations of available resources. 
Ihe definition of "normality, "however, Fo.ses cer-
tam problems as outlined in the following 
paragraphs 

In terms of hemoglobin conccntratlon, the individ-
ual has a homeostatic me hanism .vhich, in the 
absence of dis.ase. and in the pre!.ence of an ade-
quate supplly of hec'molitclct" nutrients, stis the he. 
moglobin concentration at a Ic.'el which may be 
considered "normal for that pero n Further Sup. 
ply of hemopq:ctic nutrients %%illnot increas the 
hemoglobin Contentraion The fresun.v distri, 
bution of normal hemoglobin (oncentration is in-
fluenccd by age. Wit and altitude of residence 
There is also e..vidence that there may t Momi- racial 
differences F a population living at a givenFor 
altitude, the freque'ncy distribution of normal hc-
moglobin concentration of individuals iii the differ-
ent demographic segmerts of the community (e.;., 
adult males. nonpregnant women of childbeanng 

age, preschool children, etc.) approaches closely a 
Gaussian distribution. 

The homeostatic mchanisms do not control bxv 
iron stores as precisely as they do the hemoglobin 
concentratiun. As iron stores inCrease, iron ab-,orp
tion isreduced, btit not ax)hished Th--re are there. 
fore no clearly dernarated liints for *.lormal" iron 
stores. The best simple indicalor of irt ri stores in 
healthy pe-ople is the scrum ferritin concentration 
At birth, geometric mean valuescar in the region of 
200 g liter These fall during the f;rst year of life to 
about 35 pig liter Valu.s in the adlecent female 
slay at atiout this level until the end of reproductive
lh. and then nse. while in theadolescent male they 
nse to a geometnc mean of about 100 jhg.ter and 
increase slightly with age 6 At all age%, values be. 
low 12 &iglhter are indicative of iron deficiency and 
values above 500 p, liter (in the absence of dis.ase 
states) are sulestive of iron overload. Values fall
ing within this range may b' taken as normal. 

With regard to %atural:-;rxof transfemn, in adults 
values above 3.0'e sug st an adeqtt.ate iron nutn. 
tional status and values below 15't are suggestive 
of iron deficiencv, in children from the age of six 
months to adolescence, normal values are lower 

"and those below 10 sutggest iron deficicncy.6 

Er)'throcyte protorphvrin rises as iron becomes 
unavalab.c for hemc formation and values above 
normal (depending on the method employed) are 
indicative of iron deficient crythror)mesis. 

Tnals of iron supplentciation canibe ass%4ssd by 
studying the improvement in hemoglobin and W. 
rum ferntin concentrations and other indices of 
iron nutrition brought about by the intervention as 
compared with . control situation. This is referred 
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10.
 

HEMOGLOBIN CONCENTRATION 

I lphc-t.l. 1Iurnul.hi' r frcquctri v i'htributiun cur%", of h.mog h'n tunvntration o| a demographic g ment of a
-nrrmal- Ippulhion. .rd a )pul!iin %%iiha high pr*veakrcv f anm xltore in,r-cnntKn (-pr.trr :ment) and 

tlt ;ttr,1r\ criint.'(- 'i:,. r .itri:tn!-) I-hc fs ' fiin inlr ention an K. ludg d by"d'lermining the im|r. ,enic-tn in 
a,*. c / Ihe 2;it (11 hv efficac'v an~ul*c t.'|,n -ntrjIh n . |hfIi crnhih ,it I he x' pul.ttion A) g dl Similar he of 

inh.-.*; on .. i i t criren td by ho%% . c .,'I li tic coy hio i it ontent r.wton a- I tic 25:h crccr len mu v%" I - rfd the 

r~o:'.-l... ..... .IT)'.. Nc!v. lh:% as'urTt,%h her i%no cKhnge in Ih |'Iac chi group Ii *ut'ie Ir g% rn _)lacbo 
( Ai 

h.in .,:. injprioert1 in [ In,tquenc' d:%!rit'uliun uft their h.muhubin corinnlr.huon "dJolih.d line. -"x-plbc bo.), 
(IS• I') 

tn Owci'rle o! the I allent %%ill Kh (B ') g dl. and th- ffica %%cillt -.- ) x I I ; 
(C - V) 

it) hereafter as the -effe 't" of the intervention (:g- edge can perhaps be approximated by cxtrapoLa
t I) Trials may also b, asseswd by seeing how lion from studies in other geographical areas. but 
.It e indices of iron nutrition in the target popula,. the only definitivc way of obtaining thw nfona

lion come t) normalitv Thus isreferred to hereafter lion is by determining the frequencv distribution of 
.I% the "efficacy,* of the intervention (Figure I) It hen. globin concentration in a suffcientl'v large 
must be em|phaizcd that "efficac'" can only t. group of apparently health% ind:viduak reprewsn
judged when the normal is known for the demo. tative of that demographic sector, who are either 
graphic sector of the population t nder study. In supplemented with all known hematinics until 
term., oi hemoglobin conce.ntrati, n, this knowl- there is no further change in their hemoglobin con
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centration, or who are shown to have adequate 
stores of all hematinics, especially iron. folate and 
vitamin 812. 

The precais end point of Any trial will be dependent 
on a variety of factors. Ideally, the end point would 
Ix- to restore the frequency distr bution of hemo-
globin concentration of the tarl et population to 

normality and to ensure that all the population has 
norma! iron stores. In practice, the limitation of 
available resources may make this an impossible 
objective and, at least initially, a more readily
achievable end point may have to be set, such as 
producing asignificant reduction in the prevalence 
of anemia. 



3.
 
Specimen Collection and Analysis
 

1. Introduction 

Since the assessment of any supplementation trial 
depends on lax)ratory measurements, it is essen-
tial that de.tailhed attention be given to all a,'peels of 

the .ollection. transport, storage and analysis of 
Ml.,ot s,''mlns. 

I he no-: irnportant single measurement is the he-
moglo!b', concentration. In addition, study of the 
other indkfe,.of iron nutrition -., serum ferrthn .on-
centration. serum iron conce'ntration, transfernn 
•atu~rati.on An'd cry=ro'vte protol)rphyrn wi.ll 


1,e likely Io provide further information of value, 
particularly aniong the less anemic s gments of thle 
1'optlation If desire-d. hetnatrocrits an al.so be 
ni..)iured. but sitce th, . .ir rather more difficult 
to d'ermine aituratelv in the fi - situation (due 
to il.igt,' tuctualons,. etc) a' since the hemato-
riti'. nt) a.sensitive an index of anemia, the he-

*.ith. r:t should not replace the determination of 
he.mn,lobiii concentration 

3.2. Vcnous or capillary blood 
Ide'allv, all measureiments should be made on ye-
nous bhtod .tnamples since, at least in the case of 
hemoglobin concentration, tihe rtsults are more re. 
prodiucible than 'hosw on capillary blood AkIo. 
nmasurenents of serum iron concentration and 
tranterrn saturation need mor, blod than can 
readilv lx- obt.ned from a .apillry specinen In 
mariy communities, h ,wever.there is Much great. 
er resistamv.n" i to rp i:I t re than1..therI i)o thle 
collection of capilary bloti, A decision %%illhave to 
Lx' made initiallv as to what type. of blxo speci-
niens are to Nx used depending on local circum-
tances If it isnot possible to get venous samples 

in allsublects. it can be d.ecided either to use capil-

lary blood in all subjects and omit measurements uf 

serum iron and transferrin saturation, or to use 
capillary blood in some subjects and venous blood 
inadls.fthlttrOreisdoedhnitsothers (e.g., capillary in children and .enous in 

adults). Ifthe latter course isadopted then itis 

important t)ensure thiat all measurements in a giv
en individual .re dttc on the same type of sample 
throUghout tlhe Course of the sludY This r.Nluires 
that the blood collector has an appropriate record 
on every individual Care must alm) Ix- taken that 
there m're enough indi iduals in any su -niplk .e
ected to allow for valid statistical analysis of the 
parameters N-ing measured, othervis, nothing is 

gained by studyin such a subampl. 
3.3. Sample collection 

Since z variety of physiological factors such as exer
cise, posture, apprehension, etc. may affec! blood 
volume (and hence hemoglobin concentration) it is 
important, as far as possible. to standardize cond
tions for bloci .:ollectio Specimens should be ob
tamed at the %orae time of day, sutlects should rest 
sitting down for at teast fifteen minutes before 
blo d is collected and bhid should be drawn with 
the subject in aIsandardit'd losition. either sitting 
or l'ing. (in tht, standing ;siton hemoglobin con
centration increa e due to heni'o.ncent ration). 

Venous btlod -shouldpreftrably btbtained either 
with disF)Able plas, . sringe and netdles or 
with "vac.titainers "When ea.lrncn nls of serum 
iron ar to Nt)made. c,re must Ise taken to ensure 
that syringes, needles anid containers are iron free. 
The sprcimen should be obtained preferably with
out the use of *I torniquet. or %%with a orniquet an
plied for less than one minutle and reit'ased before 
drawing the blood (when a torniquet is left in situ. 
local hemoconcentration occurs and this increases 
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with time); 5 ml of blood should be drawn, I ml 
added to a suitable anticoagulant such as 
Na:EDTA (1.5 mg per ml of blooxd), heparin, or 
osalate, for hemoglobin and red cell protopor-
phvrin determinations and 4 ml allowed to clot for 
serum ferritin, iron and transferrn deterinin-
ations 

(apillar. blood should be obtained by a clean 
ptncture of fingertip, ear lobe, or. in b..bes, the 
heel. preferably with a standardied disposable 
lancet Blh)d should be free-flowing and no 
squeczing or com; reson employed as this is ha. 
tilt to dilu.te the spet-imen with tissut fluid ('apil. 
l.r. blltxi for hem.lo;,i eshrimation should t. 
ob!t.ined 1' iis:n. .i -'and.irdied to toritair'"20 JAI
htel'.iri .i/ed cap:llarv tu The :ip of the .apillary 
tkIs pa.. ed In the. bltoohd and thet lut..allowed to 
I;iu.t bey rd the mark bY c.ipill.rv I(t'n yt 

outside oif the. c.lpill.iv tut' i then pvd with 
damp -a .!.I rv n!not' to di% h.rge the '.im.
phe f:om the. t |'.. of1 the. capl.lhe.imount bll i 
lary '. the.-: to the, m.ark byis .at.tedta tl 
moing a fingevr .tros the. dis.al till of thle v 
The outside o the"(.ipill,;r,tti i,I ,ain l%eaned 
.Ind !h".ontents Jich..rg.d intt IUt-ho.er p.irt of.i 
meastred volun e(.g . .li mil) (ithe d ilnt.i soIl. 
tIII- The capillary t!-t. is then ri .'ed ont I() 
tim', %ith dII%fil it -.otition frorm thei upp|e.tr |'.ait oft 
'he diltt.in.t soltion and IIN" %%hole is see LJreJv 
t"i ppsd and rii sed bv iiiversn'. (apilars- blotldfor f'rritin i is i.'st collt-cd In wide t)rei I'tions 

C.'pilt.irv Lds M()riMI 0mi) which art allowed 

to ctb! ..od sit's4'quiertlv centrifuiged and1(the

ruin wpa ted 

se 


In o~rde.r to provide. %.niv degree;:t control,o)ft.iJialjty" 

it i ror iri.de. dd tt%where ps Iwo inde. 

j rndeiit
sp viriieris Shouild b .lainedo . from every 
fiftili or tenth subject simple-d by a given worker.ird the specimens stiriiitted blind iothe la rato. 

rv Ar av alv.is of -the .iriabilitv tfthese dupli. 


LOI'S .a..iori different workers, will enable some 

dtgree of .upe'r'ision of the quality of work of the 

field tollector% .(I
t niainitained (0M63) 

3.4. Specimen transport and storage 

Ideally. blood s.pecim.ris Should b'collected im. 
mediately ad,.icent to the l.i)ratorv In most field 
studies, however. this will riot Ilep)ssible and 
specimens will have t)t tranF)rted over Soni.c
distance. rhis is te.',t accomplished by keeping all 
specimens at 4'C In an ice x)x or refrigerated con. 
tame.r Hlemat.'i measurements. when em-t 
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ployed, should be made within two hours of 
obtaining the blood to obviate artifacts brought
about by alterations in red cell volume. .femoglo
bin estimations on venous or capillary blood 
should preferably t. made within 24 hours either 
in a field laboratory, or 5N.'imcns should be trans
ported t)tN central l.fa)ratorv at least once each 
day while field collectionsire iprnrgress. Samplesfor protoporph-rin analysis may tbkent at 4C for 
up to 8 days. but they Should not tb fro/en, as this 
affects the extractability of the protioporph.rin. S. 
rum should be Separated within 24 hours of blood 
collection .xera for Iron and traiisferrn may be 
stored fro/en ( -2( C) for up to s-ral month% 
before analysi.i.nd samples for s.rum ferritin may 
be ktept at - 20C for vral years. provided they 
are well s4ealed In small (e g. 4WXJpl) vials with a 
relatively small air s;p.ce. lk'fore analysis such 
stored samples must tv thawed and thoroughlv 
mixed. 

Where studies are being done in more remote 
pla.es, it may be possible to do hemoglobin and 
vrtb protoporphyrin estimationserthrovt, on fixed 
volumes of bloodl which are pipetted onto filter 
paper and allowed to dry. traitsported to the laix).
ratory' in a dried sta.le and subsequently eluted '
 
Any such technique,. however, must be carefully
 
validated and standardized in the individual
 
laborator.
 

3.5. Principles of quality control
 
In the performances of any trial, detailed attention
 

nicsinoto assure continued accurac% ant precision of all
 
laixratory melthods is esential
 
The accuracy of agiven prix ,dure isdefined as the
 
difh'rerceN1'vt tn the. obse'rvvd value and the
 
"true value Ac ur. v 
 is nioni tored by mtroduc. 
igoeo oekotsadrswt * f a~ing one or re known 1t.|it(.a it bItchevers 

of speirmens run f 46 2 1) If the- obser,-ed v.)lue
 
differs i more thian .i predetmznrd niourt. the" 
reason rust be sought .ind ur:e't i'l .ictn taken 
The precison of i i itr rt dure Is .1 niie.i 

sure of Its repw'a tihilitv ariflutrticed biv rindom errors Precision ISd tfndstatiti.al. .as the stan. 
dard deviation (S)in replica.le dleterrinatlrio. onr 
aiquots of the same smple where 

1' 

\I n 

where d is the difference 'tween each value and 
the mean (X) of all the v.,ues. dl is the sum of the 

http:replica.le
http:statiti.al
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s'qulres of all the d's and n is the number of deter-
ini'ations. Alternatively, precision may be ex-
pressed as the coefficient of variation (C) where 

C = .-S 100 

X 

To monitor precision of alaboratory method a con-
trol chart for variation in estimations of aliquots 
frem the same bample should be established pnor 
to 'ginningIo|xFehen routine of sorn the testing o l <'n..n 
(06 2 2). For ev,,. " 2bah f x-tnv, run.a mini. 

nmbe 
randonlv dttrih tt'd anong routine specinMens 
and a)n ,,ti..e of the variability..;. of| thee ra-
esrt--tit ifS flls on anthe control liat. Ihe 
ethon outSfallofth control aandth sonmt 
nttho i out f orl and the rson must
deerm inted and the ieasurements obrained in this 

th u .t e ,st-ar r It. ishmateri.aldn a.'arrlable,
the mecasurements can Ix repe-ated when corrective
action has -en taken If any oitnt falls tM-tween 
the warningaand .ontiol himit., or if sven concu-
tlve ;ints fall on one side of the' central line, the 
reasos st Ix investigateJ.nd corrective action 
take'n if t''s-,arv VWhere the jr-,.scin of the esti 
mation -aries considerably over the range of ex-

Salues 'prae c' wledi)ix- ntcorr cha i ndo,rol ritN-"run for diff;.r,.nt ra)nges' (e.. - srum f.erritin and 
ruin iron 03 7 a)nd 3.8.) 

3.6. Measurement of hemoglobin concentration 

The cyanmethemoglobin method as spectfied by 
the International Committee for Standardization in 
Hematology (ICSII)9 should be employed. 'is 
method depends on the conversion of hemoglobin 
to cyanmethi'moglobin (I iCN) by aidding blood ti: 
a .)lutlion of pota.sium ferricyanide and px)tassiurT 
cyanide. The 1hiC has a maximum absorbance at 
a wav .length of 540 r.m 'The contentration o" 
1IiCN may therefore I. measured inasuitably cdli-
brated s',ctrophotometer or celorimeiter. 
are given in 416. 1. 

3.7. Measurement of serum ferritin concentration 

There ispresently no method recommeniea by the 
ICSH All assays depend on immunological proce-
dures Details of atwo.site immunoradiometric as-
say and a radioimmunoassjy are given in Bothwell 

° et ,al., (1979i Currently, however, the most prac-
lical approach for laboratones no' performing the 
assay on a routine basis is to use one of the com
mercally available kits which has been demon-
strated to give satisfactory results. Most kits 

employ a radioimmune assay and require the use 
of radioisotope counting equipment. Enzyme 
linked immunological methods, however, are also 
becoming available. 

There is an ICSIH standard available from the Secre

tary of the ICSH Panel on Standardization of Ferr
tin'. Commercial kits contain 'standards,- but in 
setting up the assay, a laboratory should also ob
tain the !CSI1 standard to help reduce interlaboratorytl
oraboe v~riability. Since serum ferntin appears tob 

quite stable when stored at - 2W and since in 
immunological assays. between batch variations 
are always considerably greater than witl,:n batch 
vanations, it is suggested that all -,ra collikcted 
from a given patient over a pnod of time should
be run in one batch It may be desir,-J to know 

frtn valuesand al t know resuits during the progress of a long tnail (partiularly 

in a field fortification trial) to decide whether results are likely to b infcn n h rasui's r h ther signiant and the trial 
toed or whether it bhouldc It is,t oontinued. 
thereeor t kiien is collected.dsirable that fhorI 
thrien aliquots should N' taken for fe.irritin estima
tion. One aiquot .n then N' analv/e I to find out 
:he presen: status and two can be stor-d for analy
sis when all the specime.ns for that subject havebeen collected At the final analysis there should be 
at least two aliquols, each Containing enough erafor triplicate el itations, so that if one run is a 

failure there ;%a back. up ,mple If commercial kits 
are emplo d. it isirip)rtant that for the final anal
ysis at the end of the trial. there are enough kits onhand from the. one productioin lot to complete the 
study on all the subects 

Precision ismonitored, as in ."he.r tests, by blindly 
as-,ying multiple aliquots (a minimum of four)
from the one s.ample Since pr.cision Isgreater at 
higl er values, three control charts should be estab
is.hed, one each for high, medium and low ranges. 
The following withinbatch cefficints of variation 
(Vtails"h) should N- obtained 

Serum :crrilin g1 CV
 
100 < 10%
 

. < 15% 
10 < 20% 

It should be noted that serum ferntin concentra
tions have a log-normal distribution, therefore, the 
control charts for S must be calculated on the log
transformed values. 

*Currently Dr. Mark Worwood of the Department of He
matology. University of Cardiff, Waie. 
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3.8. Measurement of serum iron concentration 

The method recommended by the ISCH for the 
estimation of serum or plasma iron depends on 
liberating the iron from its binding with transfemn 
and estimating it by complexing with a suitabk 
chromagen such as 4,7-diphenyl-1-0phenanthro, 
line (bathophenanthroline) The procedure is de-
scnbd in detail in Bothwell et al., :97910. 

As w:th hemoglobin measurements, accuracy 
mus: be closely monitored by using standard and 
prec;sion monitored by dividing one sample into 
aliquo's (a minimum of four) and randomly distrib-
uting them among the day's samples. Since prec-sio,- is greater at hghe'r concpesntraons, three 

contru. charts should t established, one each for 
high, medium and low ranges. The following with.in.iatch and be'tween batch coc'fficints of van-
atin sheand be obtained 

tnsru e oind 

150 < 5% 
75 <10 
25 <30% 

3.9. Measurement of transferrin saturation 

Since it has so far proved impossible to obtain an 
adequate reference standard tor the measurement 
of iron binding capacity, there is .,s vet no method 
recommended by the ICSI. The most widely umed 
methods add exces iron to the wruim %ample.un. 
K)und iron is then remove-d bv some adsorbent 
(ion exh.inge resin, magnesium carlomate or pro. 
it-I coa.-d charcoal) whlch komnplexes with tin. 
1%ound iron but rot with bound iron. the adsorbent 
is separated by cent rifugtion and clther tle total 
iron rernaini), in the supernatant is me.i..sured. 
giving the toa!l Iron binding capacity, or. if radioic, 
tive iron is used. the.lmount of radioactivity in the 
sup..rnatant is a meaur%e oi the un,,turated iron 
binding capacity lhc magnesium carbonate metti-
d is recommended This method is described in 

detail in Bothwell et al., (1979)10. Although no sat

isfactory reference material is available, a ocally 
prepared -standard" car, be made by pooling s.ra 
from six -normal- iron replete adult males (which 
should give a value of approximately 300 g,'dl) 
and the -true- value determined by perfrining 
replicate analyses and obtaining the mean. Multi
ple aliquotl of this standard can be kept frozen for 
many months and one or more thawed and inca
sured in each run of sl.men-, This procedure 
will monitor the rept.atability of the assay Pretci
sion is monitored, as wvith other n.casurements, by 
dividing one specimen into four or more aliquots 
and randomly distributing them among a bat:h of
samples. The within-batch and between-batch co
efficient of vaiation should be -10% 

The saturation of transfernn isgiven as the ratio of 
the serum iron (SeFe) to the total iron binding ca
pacity (TIBC) expressed as a percentage, i.e.,

% saturation , SeFe 10 
TIBC 

3.10. Measurement of erythrocyte 
protoporphyrin 
There are a number of methods available for esti

marion of erythrocyte protoporphyrin which give 
satisfactor' results All depend on fluorometric 
n.easurements. Perhaps the best way of expressing 
results is as the erylhrc vte protopor;)hynn heme 
ratio A suitable method is described bv .abbe et 
al., (1970) l'he-rte are presen'ly no suitable stan. 
dards for estibishing the a.cur.iCv of the method. 
but the c(efficient of v.riation is .ipproximately 5
for no.rnal bkl d and less than this in blox from 
iron deficient stbjects ,,-her the protopo)rphyrin 
heme ratio is increased No systenatic between. 
lab)ralorics standardiation of erythrocyle proto. 
porphyrin measurements has been attempted 
Each lab)ralory. therefore, must establish its own 
normal range. 



4.
 
Pilot Supplementation Trials
 

4.1 Introduction 
In communities where there is,-i high prevalence of
iron deficiencs anemia, supplementation pro-

grams may be needed to improve the hemoglobin 
concentration of the more severely affected indi
viduals within a reasonable period of time. This is 
particularly applicable, for example, to pregnant 
women when it isdesired to correct the anemia and 
improve the iron nutritional status before the end 
of pregnancy. lcause there is likely to be a high 
p,evalcnce of mxerately severe anemia, the chief 
parameter of interest will be the hemoglobin 
concentration. 

4.2. Questions to be Answered 

As outlined in the -Guidelines,- where there is 
insufficient knowledge about the response of the 
target population to therapy, an initial pilot sup-
plementahon ral will have to be carried out to 
answer the following questions: 

a) Will supplemental iron improve the hemato,
status of ti., 	 is ironlogialarge i~esentativehe grup 

better than placebo)? This will define wheth. 
er or not there is a limiting deficienc' of ironingoup.4.3.2.th taretin the target group. 

b) Is there a need for any other hematinic in 
addition to iron (e.g., isiron plus folate better 
than iron alone), 

c) What is the best formulation, frequency of 
administration and dose of supplemental 
iron in terms of therapeutic response, accept-
ability and side effects' 

d) 	What is the effect and efficacy of the best 
available supplement? 

The pilot supplementation trial will also provide an 
estimate of the within-treatment 'ariance of the
measured parameters which can be used to decide 

the number of subjects requred in future studies. 

4.3 Design of pilot supplementation trials 
4.3.1. Definition of target population 

The target population should be. clearly identified. 
It will usually consist of people living in a delineat
ed geographic area who are at risk of developing 
irondeficencyanen-.iaandwhobelongtoaspecific 
demographic sector, such as pregnant women or 
preschool childrer. 

Ideally, pilot tnals should be cared out tit a ran
domly selected %ampleof the target population. In 
practice this sampling may be difficult, hut much 
information can be obtained by studying a non
randomly selected sample such as women in the 
first or second tnm.ster of pregnan,,atndig an 
antenatal clinic It must be emphasized that results 
obtained from the study of such a selected sample 

can only be extraglated to the targt populatin to 
the extent to which the clinic popu'lon is repreof the whole. 

Organizational considerations 

The organizational details will differ depending on 
the target population and the local situation. 

In all cases adequate labxratory facilities are essen
tial. It is desirable that the analysis be entrusted toa 
special qualified technician, or technicians, given 
suitable training to ensure that the highest stan
dards of laboratory practice are maintained at all 
times. Where the trial is conducted away from the 
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laboratory., appropriate arrangements must be 
made for transport of specimens from the site of 
collection to the laboratory, 

I he proposed tnal should be cleared by the ethical 
committe, of the Investigator's Institute. Where no 
ethical committt, exists. it might be wise to form 
an ad hoc ethical committee. consisting of promi-
n,'nt la and medical personnel not concerned wi~h 
the study, to super,,'ise the ethical considerations 
involved in the establishment and conduct of the 
trial 

The trial must be fully explained to the target popu-
lation and their informed consent obtained before 
they are included in it. 

Suitable arrangements must be made for data re
cording and analysis If numbers are re:atively 
small, this mayinvolve.d are lx done by hand. If the numberslarge, howeve, me.chanical or ee.' 
iolveda r la'rghowever. mechanicaor, ethe 

rThe numb.r of studv groups will depend on the 
oblectives oif the pilot supplementation tnal. The 
simplest situation is a pilot trial to determine 
whether iron is b'tter than a plact'b, camed out in 
a target population in whidi there are no indepen. 
dent variables %%hih mayiafl'ect the outerme Such 
a tnal requires ts o study groups -- one treatmel it 
arid ore pl.attN) ()en it is possible' to design the 
pilot trial answr to .vcr~ilof the questions in 04 2 
at !he same tine. this will require one group for 
vach supplemcntaition strategy and one place) 
group Care should Ix- taken, however, not to 
make the trial t(x) complicated Experience sug. 
gests that there should not Ix more than six treat-
ment groups plus a pl.itce) group. and preferably 
less than this 

4.3.4. Method of administering the supplement 

To eliminate differences due to vanabilitv of sup. 
plement consumption, pilot trials should usually 
be carned out with close sul.'ision to ensure that 
the supplement is actually swallowed Car-ful rec. 
ords should also be kept of the supplement con-
sumption of e.ach individual At times it may also 
be desirable Io incude a group in %%hich adminis. 
tration of the supplemt'nt is unsupev-ised to test a 
poi:,ble "reallife" delierv systmSrrsorl 

"Thesubjcts, the supplement administrators and
he laboratory workers responsible for sampk 

analysis should not know which therapy is being
administered or which group the subject belongs 
to. The placebo and the vanous supplements 
should be identical in appearance (size, shape, col
or, number, eic). The suppkment for each subject
should be prepackaged (e.g., for a week at a time)
by someone who has the key, and each package
clearly labelled with the patient's identification, 
but not carrying any indication as to the treatment 
group. Obviously in some situations, for example, 
when it is desired to examine the difference be
tween once daily or twice daily supplement admin
istration it cannot be a completely blind trial. In 
such a situ.ation, half the pl.'cbxo group should 
receive the -supplement- once a day and the other 
half should receive it twice a day, thus preserving 
an element of blinding. 

4.3.5. Initial stratification 
SSteps should Ix, taken, as far as possible, to ensure 

homogenety of the various groups. Factorsprevalent in the target population which may affect 

the hemoglobin concentration, or influence the response to therapy, should be defined Individuals 

with chronic diseases and infections such as tuber. 
culosis. leprosy and malana should be excluded 
because of the difficulty in interpreting results 
Those with thalssemia should be excluded x. 
cause of the nsk of iroi overload Where there are 
mar' individuals ssith conditions such as hemog. 
lobinopiathy .and h)kworn infestation, they must 
be identified and initial stratification done accord. 
ing to thie pres 'nce or ,absenceof thes, conditions 
An example of such initial stratification %,-herehe. 
moglobinopath% and hoxkworm infestation are 
prevalent is shown in Figure 2 Since the presence 
of certain hemoglohlino-athies (tondition X. Fig. 
ure 2) may affect hermoglobin concentration irre. 
spective of iron nutrition, the division into Xabsent 
and X present is done first If there is a lo,,' preva. 
lence, subjects with this condition can be excluded. 
but where there isahigh pievalence, it may also N' 
important to study the effect of supplementation in 
the- individuals Twonstreams must therefore N' 
e u-,a d - o the iof individuals w d 
out and the other of indviduals with X, and 
these streams must be maintained throughout the 
stud' 

*Studies in Burma (Aung Tl"ung tau. ('ummu.
nKatxn) and Thailand (Arr, Valyas .. Prrsonal Corn. 
munication) have shown that the responve to irontherapy of subjects with hemoglubin AE isckl,,ly,%imlar
to that oEthose with hemoglobin AA 
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FIGURE 2 
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Stratifkaton ol target population with two fKtors other than hemoglobin concentration that may alfect the outcome. 
The full stratification for X pr rnt-prirvalence high i%not shown. but is &rmlar to the kit hand side X absent 

In many countries where trials may be .arned out, among affected individuals are as uniform a' possi
hookworm infestation may be prevalent. For agiv- ble in the different treatment groups. For the pur
en species of hookworm the daily additional iron poses of stratification, the best dividtrg line will 
loss from the body is directly proportional to the depend on the prevalence and seventy of hook
number of parasites. It is therefore desirable to en- worm infestation. Where loads are light, the best 
sure that both the number of affected individuals division may be between those who have hook
and the frequency distribution of the parasite load worm and those who don't (condition Y. Figure 2). 

11 



In other instances, where there is a high prevalence 
of heavy infestation, a division into two streams of 
those with less than 2000 eggs per gram of feces 
and those with 2000 or moret 3 may ).,ive a more 
even distribution of individuals with heavy hook-
worm loads between the different treatment 
groups. 

4.3.6. Stratification by hemoglobin concentration 

In order to ensure reasonable homogeneity of the 
groups, the streams defined by the initial stratifica-
tion should be further subdivided according to the 
hemoglobin concentration. Individuals with a he-
moglobin concentration below a certain level will 
have to be excluded for ethical reasons and treated. 
Those with hemoglobin concentrations above this 
level should .- suitably stratified In practice, 
where there is a high prevalence of anemia and 
individuals witi, a hemoglobin less than 8 gdl are 
excluded, division into two strata consisting of in-
dividuals with hemoglobin from 8 to 10 gdl and 
those with hemoglobin over 10 g,' .soften .satis-
factory. FAch person, in each of the above hcmo-
globin strearus, isthen numbered consecutively for 
random allocation to a study group. 

4.3.7. Relative number of subjects in treatment 
and placebo groups 

Whe morethanonetreatment group istobetcom-
pared with a control (placebo) group, theoretical 
considerations require that the numbr of subeits 
in the control group is greater than the number in 
each treatment group This is gwen b~y the formula: 

c t\ in 

where c is the number of subjects in the control 
group. t is the numbert 'rofs offl.,subjec,sblc ss in caI, treatmentgrou, m¢.zsttreamennm 
group and m is the number of treatment groups
(i.e., excluding the control or placebo group). 

4.3.8. Allocation to study groups 

Allocation to s,.dy groups is most simply done by 
the use of random permutation tables either taken 
from published tables or constructed for the pur-
pose (#6.4.). 

As an example, consider individuals in the 8 to 10 
gdl hemoglobin stream (condition Xabsent, condi-
tion Y absent) who are to be allocated in equal 
numbers (t) to each of three treatment strategies 
(A), (B)and (C) (Figure 2). The above formula then 
requires that there should be- tVI3in the placebo 
group. This means that for every 3subjects in each 

treatmentgroupthereshouldbe3 x V'37- 3 x 1.73 
'- 5 in the placebo group, i.e. for every nine indi
viduals (3 x 3) in the treatment groups there will 
bt 5 in the placebo group. Random permutation 
tables of blocks of fourteen numbers (9 r 5)are 
therefore needed. Two such permutations of four
teen numbers are shown below: 

1, 6, 8, 5. 10. 12, 11 
9, 2, 3, 14, 7, 4, 13 

11, 3 8, 1 4, 9, 6 
14, 5, 2, 7, 13, 1, 12 

The symbols for the placebo (P) and three treat
ment groups (A), (B), and (C) are written in the 
following order 

PABCPABCPABCPP 

under the first block of numbers thus: 
1, 6, 8, 5, 10, 12, 11 
P A B C P A B 

9, 2, 3, 14, 7, 4, 13 
C P A B C P P 

The random numbers then represent the serial 
number of the subject within that hemoglobin 

stream, so that subject no. I is allotted to placebo 
(P), subject no. 2 to placebo (11). subject no. 3 to 
srategy A, etc., and subject 14 to strategy B.When 
the first block of random permutation numbers has
been used, the next block is used in an identical 
fashion, the- I" in the block now standing for senal 
number 15, 2 for 16. etc and 14 standing for serial 
number 28. This process is continued with succes
sive blocks until there are enough serial numbers to 

cover all subjects required in that hemoglobin 
stream. A similar p.ocess is employed with the 
allocation of individuals in the other hemoglobin 
stream. 
The cyclic order of allocation for other numbers of 

treatments, the size of the random permutation 
blocks required and the method for constructing 
random permutation blocks are given in #6.4. 

In order to avoid any possible bias in allocation of 
subjects, it is important that random allocation be 
prepared in advance and placed in sealed enve
lopes by someone who will not be involved in sub
ject allocation. Each envelope should bear on the 
outside t!,e identification of the stream (eg, 8 to 10 
,'dl hemoglobin stream, condition Xabsent, condi

tion Yabsent) and the serial number of the subject 
and sealed inside should be the same identification 
data plus the study group to which that subject is 

12
 



allocated. The envelope is then opened only after 
the decision has been made to admit the subject to 
the study. 

4.3.9. Sample size 

The sample size required for analysis depends on 
the variability of the parameter of interesi and the 
minimum change it is desired to detect at a given 
level of probability (power) and a given confidence 
Coefficient. In supplementation trials, the major 
parameter of inter,,'st isthe hemoglobin concentra-
tion. The method of clculation of sample size re-
quired for the comparison of two me;.ns is given in 
06.5 together with a table indicaing sample sizebased on ane tlmitedl standard deviamon ) of 
hemoglobin oncnr ,tien in the population of 1.0 
and 2 g dl. ,i onr-fidne ctheficlent of 95 and 
powers of 9 5ndand; 

The initial sample size must ix greater than the 
numNr required for analysis to allow for dropouts 
due to lack of cooperation, migration, illness, etc. 
When recruitment to the trial isdone longitudinal-
Iy (eg . women attendig an antenatal clinic). 

dropouts can N' compe'nsated for by continuing 
recruitment for an appropriate I'riod of time until 
adequate n.rr.n'rs of subjects hav completed the 
trial. When rt'cruitment of the -ample is done at 
one point in time (e g . school children), however, 
an appropriate incrca in number, must I' made 
at the commencement of the study 

At times, sample siie may be high In relationship 
to the res~urces (niore'.time personnel) available 
for the -rial If thi i%so, it 11.1v N 'V possible to 
confine the study to hc most .IemIaic segment of 
the px)pulation in whom the greatest change in he-
moglobin contcentralon can K- atrllipated; but if 
this is done. the results %ill not nccssarily Ne ap-
plicable to .3l the p1,pul.aion of interest, 

4.3.10. Duration of supplementation and fre-
quency of measurements 

The dt-ration of the trial ard the timing of measure-
merts will dep.nd to soime extent on the target 
population In manv .reas of thie world, pregnant 
women may only availiable for supplementation 
for a perioti of 10 to 14 weeks. In this case, mea
surements may x- madc at the ix'ginning and end 
of supplemmntation, the latter measurement clearly 
r-ist Ix' made before deliver' In other instances 
(e g.. prescht)l children), supplementation may 
b, carned out for a number of months and mea-
surements made at 3 to 6 month intervals. The 
intermediate measuiments will provide informa-

tion on the secular trends of hemoglobin concen
tration In all cases, the duration of study and 
frequency of measurements must be the sanie in 
the placebo and each of the treatment groups. In 
the case of supplementation carried out over a pro
longed penod of time, in order to avoid possible 
seasonal influences, it is important tha: measure
ments in the placebo and each of the treatment 
groups x made at the same time of the year. 

4.4. Analysis of pilot supplementation trial 
4.4.1. Comparability of control and treatmeni 
groups 

The first step is to check that the random allocation 
procedure, after excluding dropouts, has resulted 
in comparable test and control groups in terms of 
initial hemoglobin conce'ntration and relevant asfsoated variables such as hoxokworm infestation, 
etc. In the cast of hemoglobin concentration, if 
there are only two groups, this may bx. done by the 
Student's t test (#6 6) or where there are more 
than two groups, by a one way analysis of variance 
comparing the me.n initial hemoglobin concentra

tion of the groups (#6 7). In the caw, of hxkworm, 
the distnbution of erg counts p'. ,:ram of feces is 
likely to t' lognormal. If .) a logar'thmic transfor
mation of the egg counts should b- done and the 
comparison of the hookworm load .Joneby a Stu
dent's 't' test if there are two groups, or by a one 
way analysis of vanance, if there are more than two 
groups. 

4.4.2. Methods of analysis 

The more anemic an individual, the greater is the 
response which may . produced by supplementa
tion. In analysis of responses. it is therefore impor. 
tant to allow for possible small differences in the 
initial hemoglobin concentrations in the different 
study groups. This can be done in two ways 
either by .nalysis of the change in hemoglobin con
centratIon in individual subjects or by analysis of 
covariance. 

4.4.3. Analysis b' comparison of mean change in 
hemoglobin concentration 

a) 	 When place and treatment groups are initiably 
comparable. 

If the placebo and treatment groups are shown to 
be initially comparable (#4.4.1). analysis may be 
made by comparing the mean change in hemoglo
bin concentration in the different groups. For each 
individual, the change in hemoglobin concentra
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tion -d- (d - final - initial) iscowqp.ited. Within 
each group, the overall mean d" (d) iscalculated. 

When there are only two groups, one placebx) (-P-) 
and one tre.atment (-T-), the statistical significancea 
of the overall effect of treatment may b 
byby 	companng, "'d&"and et. test'cheoparng -3r-('t-3-b"'dr"~atmbynaiyStudent's Itest"t" 

(a6.5)(g.)I.hvr thermeinin;htdfferet ou that 

groups, thr mean d's in ,h" different g~ro~ups may 
be comparedt using a tie'.-v ,'nalvsi, of vanani 
(96.7) 

In addatmont. ithe om r to thmpre vel efent
of treatme:nt, it as5 intelre.st to c'ompare the meanof 

c ha ng e it)h e m o gloin c onc.enr a ion in th ed iffe r . 

ent treatment groups, within the two initial hemor. 
globin slreams (#4 3 6). to I0g dl and - 1) g dl. 
i.e.. d,, a_:and d .,l 'hen there art" onlv two 
treatment groups. the mitan chan-e within each 
hemoglobin stre nm m.y be comtp,1red using the 
Student's t test. i " . d, , i ompard with 
*1, a,"ta rd d -I.:' with d . a I If. ho c .wr, 

there are more than two groups. the compansom of 
mean d'%h,- to t. made using a two-way analysis 
of varian(e (6 81 

b) 	 Wh%'n plaiebx) and treatment groups are not 
comparable initially 

If the placebo)and treatment groups art not compa-
rable with reference to the initial hemoglobin con-
centration, it is not v.al to assess the statistical 
significanice of the ovtrall fft'et of treatments by 
comparing the nean ds% Instead. it is advisible to 
stratify liteit.iv-idtJal.,the treat.it)i plaeb) and 
ment grouls it to 1%!o It) g,dl and -10 g, dl class 
intcrvals, or. if I eted N'. into one, grat clas inter. 
vals according to thi'r iniial 'ienoglobin concen-
tration and calcul.te the d (or e.ach .,fthe strata in 
the plact,) and trealmet' groups ]1hes: d's with. 
in each class inter-al nav 'hen ' compared using 
the Studtnt's T test if there are"only to groups. or 
a one-way analysis of vanan(c (#6.7) if there are 
more than two groUp+s 

In areas where hea%-v hookworm infestation is 
prevalent, it Ina"v le desirable to substratifs within 
each hemoglobin class inltenal accordi to hook-
worm load (cg . egcotunts of 0to O)DOnd • (N) 
g of feces) and make the comparison of mean 
changes using a three'wav analysis of variance' 
Care must N' taker, however, that numt.rs in thie 
substrata do not N-tome too small for meaningful 
compansons 

"Competeni .tat's<acl advicc ry be %oughtto carry out 
tirs arulysi 

4.4.4. Analys of covariancte 
This technique makes comparisons between the 

final hemoglobin concentrations in the different 
groups by mathematically making allowances for 
any differences in the initial hemoglot-n concen
trationarerssnin the groups,nofheinlh.m(#6.9). This isdone by fittinglbncnnt

regreon line of the final hemoglobin concentration on the initial hemoglobin concentration. This 
analysis asumes a linear relationship between the 

itial hemoglobin concentration and the response 
to supplementation. If this is not true (i.e., if there 
is a curvilinear relationship), competent statistKal 
advice should t' sought regarding the method of 

analysis The results may lead to the following genr 	 ' i u t o s 

a) Mlh the slopes and intercepts of the regres
sion lines for the different groups do not dif
fer statistically This indicates that there is no 
significant difference in response between 
the groups. (Figure 3a)

b) 	T he slop es do not d iffer, but the in tercep ts 

show significant differences In this case. the 
differences in intercept reflect treatment dif. 
ferences which are constant over the range of 

initial hemoglobin concentrations in the 
sample. (Figure 3b) 

c) 	 Both the slopes and intercepts differ slaist. 
cally among the groups This retllects signifi
cant differences inIreatentct effect which are 
not uniform with reference.: to the initial he. 
moglobin concentralion (Figure -' 

It must be ;x)intcd out that in the event of a treat. 
ment being completely. successtful (ie.. all indvid
uals reach their "normal" h(.moglobin concentra
tion). the correlation lvtwccn the final and initial 
hemoglobin concenlration will tend toward rero 
In such a situation the supe.riontv of this treatmcnt 
is obvious. 

Where tux)kworm infetlation is prevalent, a covar
tance analysis using multiple linear regression may
It' 	 done Allernatvely, separate regression anal%
ses mav tx' carned out for those with hookworm 
infestation and those without. or those with heavy 
infesation and those with light infestation 
(#4 34) 

4.4.5. Extrapolation to general population 
If the subjects studied are not adequately represen

tative of the target population, particularly with 
respect to vanables such as sococonomic status. 
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more representative of the target group to ensure population, it might be advisable to repeat the trial 
that the results obtained initially are indeed appli- in a representative rural setting. 
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5.
 
Field Supplementation Trials
 

5.1. Introduction 

In communities where there is a high prevalence of 
anemia, once the existence of adeficiency has been 
confirmed and the best form of supplemental strat
eg. determined by a pilot trial as in #4. a field 
supplementation trial may need to be carried out 
unde.r realistic conditions of public health practice, 
to choose the Ist available delivery strategy In 
sore situations, it may IV posiblC to avoid the 
ncc.ssitv for this step by an appropriate modifica-
tion in the de-sign of the pilot trial For lxamlple. it 
the pilot trial includes agroup given supplements
in an unsupervised fashion, in which the results 
art as g(od as in a supervised group, then. clearly, 
the unsupvrv:sed method of distribution is 
s.itisfactorv. 

5.2. Questions to be answered 

Field supplementation trials should be designed to 
answer the following questions 

a) What is the best deliverv systerm for the sup-
plement within the limits of available re-
sources? This may include not only methods 
of 	 supplement distribution but also pro-
grams of education to improve motivation, 
etc. 

b) What is the effect and efficacy of using this 
delivery sy'stem? 

c) 	What is the cost effectiveness of the 
intervention? 

5.3. Design of field supplementation trials 

5.3.1. Definition of target population 
The target population is the same as that for pilot 
supplementation trials. In this case, however, it is 

essential that the trial be carried out in as represen. 
tative a sample of the target population as possible. 
.3.2. Organizational considerationsand choice 

A field trial is a much bigger undertaking than a 
pilot trial The organizational considerations for a 
pilot trial (#4.32) apply, but many more resour.es 
are needed Ixcause Iirger numbers and separated 
geographical communmties will usually be 
involved 

At all times, close liaison must be maintained with 
the community leaders, the health authorities, pri. 
vate medical practitioners and other health work
ers whose cooperation in the study must be 
assuret. 
Ideally, the different treatment groups should bemade up of individuals randomly selected from the 
target population in agiven geographic area. how

ever, if it is not possible to limit the effects of a 
given strategy to only a portion of the target popu
lation in agiven area. different strategies may have 
to be tested in separated geographical units. If this 
is so. then, in order to permit analysis of between. 
unit variations, it is necessarv to use ach strategy in 
subjects in at kast three different units 

In the allocation of the different strategies to differ. 

ent geographical units, it is imrportan: to maintain 
as even a balanc as posible with respect to the 
frequency dis.ribution of hemoglobin concentra. 
tion and other parameters which may affect the 
outcome. lI order to do this, it will probably I 
necessary to make an initial hematological survey 
of a randomly selected subsample of the demogra. 
phic sector of interest in the various geographical 
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units to determine the prevalence of anemia and of 
confounding variables, 

5.3.3. The number of treatment groups 

The number of treatment groups will depend on 
the number of strategies being inve-stigated. A pla-
cebo group must be included to ensure that the 
observed effects are due to the adr.oinistered sup-
plement. Ideaily. a group with supervised supple
ment administration should also be included. In 
practice, however, where the pilot trial was carned 
out in a reasonably representative population sam-
pie, it may be possible to assume that the result of 
supervised administration is likely to be cksely 
similar in the field situation; in this cask, a super-
vis-ed group may" be o-.ulted 

Sample 

The principles of the calculation of sample size are 
the same as those outlined for a pilot supplementa-
tion trial (#4.3.9). In a field tnal. the major contrast 
of interest is the differences in response between 
gr. ips receiving diff.r%.nt strategies, rather than 
the difference in resp)nse between placebo and 
treatment groups. "Thecs differences are likely to be 
of smaller magnitude than those between the pla. 
ceb) and the other groups, therefore, it is desirable 
to choose a sample size which will permit the de. 
tection of these smaller differences The precise d 
which it isdesired to detect may vary according to 
local circumstances and avalable resources, but a 
difference in resp~nseof less than U. g'dl in hemo-
globan concentration may be of doubtful overall 
importance. 

Where there are factors i t~a target opulation 
which ma influence the response to therapy 
numbers wil have to be incre'asd appropriately to 
allow for post-stratification procedures For exam-
ple. if hemoglobinopathv ° is prevalent and it is 
desired to study the effect of supplementation in 
these subjects. as Well as in those without this con-
dition, then adequate nimi-rs oft both types of 
subjects must bxe included in the original sample .) 
that, at the tine of analysis, the requir..d minimum 
numbers t ill be available t) provide satisfactory 
analysis of thow indiiduals with and without he-
moglobinopathy. Similar considerations would ap.
ply to any other condition which may materially 

affect the outcome. 

When each strategy and the placebo must be stud-

'See footnote - pge 

ied in different geographicA; vnits (#5.3.2), the 
number given in Table 8 (06.5) is the minimum 
number of subjects, in each demographic sector of 
interest in the population, who must be present in 
Tach goxratjical unit, without taking into account 
the conrelatio, that is likeiy to occur between indi
viduals within a cluster and the ciuster size. Since 
estimates of the intraclass correlation and cluster 
size are likely to vary in different study areas, it is 
not possible to make preoe provision for this in 
determining sample size As a rule of thumb, it 
may be desirable to double the simple size shown 
in the table to allow for this. As an any trial, appro
priate allowance must also be made for dropouts. 

When the number of individuals in cacti demogra
phic sector in each unit as close to the number re

quired, all of the individuals should be included in
the investigation If. however, the number ot indi

viduals in a given demographi, -,ctor in a unit is 
considerably larger than the number required. 
then an appropriate random sample should be cho
sen for the investigation and the same individuals 
followed throughout the study (i.e., a panel 
sample). 

5.3.5. Duration of triAl andfrequency of measure
ments 
These willbe the sameas for pilot supplementation 
trials. 

5.4. Analysis of field supplementation trials 
Unlike pilot trials, pre-stratified field trials de
signed to improve initial homogeneity of the 
groups may not be :'asible. In such circumstances. 

t is unlikely that the vanous groups will be cbsely
similar with respect to frequency distribution of 
initial hemoglobin concentraton. "Thcrejore. anal
vss of results will have to b' done either by post
stratification into I gram class intervals according 
to initial ht-moglobi n con'centran,,rnand comparing 
the mean change in hemoglobin concentration (d) 
in cacti class interval by appropnate analysis of 
variance (#4.4 3). or by analv',s of covainance 
(#4.44) 

When it has not been possibi.., to nerform the trial 
in one geographical unit. the results of each strate
gy in each unit must beLanaly,ed separately. If the 
res'n to a given stratig as similar in two or 
more units, the results may be pfx)led, but. if there 
is a significant difference in response to the same 
strategy in different units. then they will have to be 
ana' zed separaiely and the reason for the differ
ence investigated. 
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5.5. Cost-effectiveness 

r.5.1. Cost of supplementation 

The -cost" of supplementation includes the price
of the medication, the cost of its transportation and 
distribution to the points of administration and the 
co-,t of publicity needed to ensure compliance. If 
.idministered by existing public health personnel. 
"q . in ante.natal clinics, the only additional ex-
penw will b. the staff reqjuircd for monitoing com-
plhnct and effectiveness. If. however. special staff 
are rc'ruited for tablet distnbution, expenses will 
k- nuidc. greater. 

5.5.2. Effectiveness 

The *ffcct of the supplementation on individuals, 
at .ach initial hemoglobin concentration, is givert 
by the difference btwecn the post-treatment he-
moglobin v.iues in the tr.atment and placebo 
groups a% esthnia.ted by regression analysis. The 
slandard error of the treatment elfect at ea.'h initial 
hemoglobin concertralion 'an bx" cakulat.'d from a 
knowledge of the staindird error% (if the vxpected 

',,st-trea-tmt-nt henogubin value in the treatment 
and control groups I he latt,'r are obtained from an 
Jp;)ropreanazl,,si5 of ,. .. ~.11i.. 

A visual r -pres t tion of .theefecl and efficacy f 
a given treatment, in any d,:nographic sector of 
the population. can be obtained by plotting the 
cumtulative frequency distributioi. of the final he. 
moglobin concentration of the subjects who re-
ceivvd the supplement and comparng it with the 
f'equency distnbution of hemoglobin concentra

tion of the subjects who received placebo (effect) 
and with the normal frequency distribution 
(efficacy). 

If a numerical index of effica¢/ is desired, :he shift 
in the ,,emoglobin concentrat.C.' at agiven percen
tile of the population (e.g.. 25th%) as shown in 
Figure I may be e:uployed Alternatively, the pro
portion of individuals with hemogiobin concentra
tions below a limit arbitranly defining the presence 
of anemia may be calculated; suggested values are 
shown in Table 1. 

TABLE 1. 

HEMOGLOBIN CONCENTRATIONS BE-
LOW WHICH ANEMIA IS LIKELY TO BE 
PRESENT IN INDIVIDUALS RESIDING 
AT SEA LEVEL' 

Age (years) Hewglobn (Ildl) 

0.5 - 4 11.0 
4 - 8 11.5 
8- 11 12.0 

- 14 female 12.0 
male 12.5 

1 mae 12.5 
14 18 female 12.0 

male 13.8 
18 + female 12.0 

male 14.0 



6.
 
Appendices
 

6.1. Hemoglobin determination 4C, but, once opened, care should be taken to 
6.1.1. Diluent solution avoid bacterial contamination which would pro

duce turbidity. It .s therefore usually recommend-
The diluent solution is made by weighing out 200 ed that the contents be discarded at the end of the 
mg of potassium i.rncyanide, 50 ng of potassium day. The solution should always be ailowed to 
cyanide (both analyical grade) ard adding distilled come to room temperature before being used. 
water to make I liter. When blood is added to this 
solution, the reaction neds about ten minutes for 6.1.3. Instrument calibration 
completion. This time can be shortened t- about 3 Measurement may t made either with a spectro
minutes by the addition of 140 mg of px)tassium photometer using 540 t.m wavelength, or a color
dihydrogen phosphate and a detergent such a, imeter using a suitable yellow-green filter covering 
"Nonidet P40' (Shell L.emital Co.) or rriton the range of 530 to 555 nm. Since the electricity 
X-100 (Rohm and faa%) in the ariount of I ml to supply in many countries may show considerable 
each liter. Commercial reagent Ix.llets are also vollage fluctuations, a double beam instrument 
available for making up suitatble diluent solutions. which is not affected by moderate vollage fluctu-
The diluent solution should x.. clear and pale yel. ations is advantageous. Alternatively. or in addi
low in color. When measured in a sp.t'rophoto- tion, a suitable voltage regulator may be used.
 
meter (or colorimeter) at i wavelength of 540 nm. it Another solution is to use a battery powered
 
,hould have a /ero ah,,or ,nce compared with a instrument.
 
water blank If st-ired in a dark glass or polythene
 
bottle, this solution is stabe for several months It The instrument should be calibrated by making di
should not be frozen. If the reagent -comes tur- lutions in triplicate of a given hemoglobin stan
bid, has an absorbance other than zero at 5 rim. dard. The following is a suggested protocol, but
 
or a pli outsjide the 7.0 to 7 4 range, it should be the actual volumes reqjuired will depend on the
 
discarded. minimum volume needed for the cuvette ef the
 

Potassium cyanide is ver, poisonous. It should be spectrophotometer or colonmeter being em
stored in i locked cupboard and handled only with ployed.
 
the greate., cat.-. The dilute solution is less danger
ous since seeral hudred milliliters would have to TABLE 2.
 
be drunk to produce any ill effects PROTOCOL FOR CALIBRATION OF
 
6.1.2. Standards SPECTROPHOTOMETER OR 

COLORIMETER 
Standard reference solutions of !H'iCN, which con- Tube no. 1 2 3 4 5 6 
form to the specification of the ICSIt. are commer
cially available. These contain between 55 and 85 IiiCN std.ml 1 4 3 2 1 0 
mg of Hb per dl and are packaged in ampoules. Diluent ml 0 1 2 3 4 5 
The solution in these ampoules is stable for years at 
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FIGURE 4. 

o 
000 

.00

Li 00 

z 

0 

00 

w 0 

o I 

0 2 4 6 8 C 10 12 114 16 18 
HEMOGLOBIN CONCENTRATION (g/dl) 

Calibration curve (absortsanc vsus hemoglobit coocentraton) obtained using an IirCN stndard dduted 
as descnbed in the text. The hernoglobin concentraton of any unknown specimen isobtained by observing
the point at which the photometer reading R intercepts the calibration line and extrapolating this to the 
h o n zo nta l ai rC 

The volumes should be measured out using the Calibration of the instrument should be camed out 
same calibrated I ml pipette and each should Ix- at regular intervals (eg. ev-r> three months) and 
done in tnplicate If the standard IMiCN solution whenever it is repaired. ;, ti;als where a group of 
contains 80 my,'dl -f hemoglobin and the measure- indviduals are sampled o,.e . pear, such caiibr.
ments are to be made using a I in 201 dilution ion is sential annually beforr the start ol speci

blood, then the readings obtained with the undi- men anal ar 

luted standard repres.nt a hemoglobin concentra- men analysis. 

tion of 80 x 201 mg dl or 16 (8 g'dl. and the other The performance of the instrument, once calibr. 

tubes 16.08 x 4 16.08 x 3 16 08 x 2 16 08 x I ed, should be checked each time before use and atd 0intervals throughout the day. This can most simply
and 0, respectively. be done by having a neutral grey glass standard 

"l'heabsor.nce of each of these should be mea. which is used in piace of a cuvette and which pro 
sured against . reagent blank, the readings taken at duces a known reading on the instrument. Alter 
each dilution should ea.iveraged and the averages natively, a volume of I .iCNtandard solution. 
plotted on arithmetic linear graph parper This sealed under stenle conditions in .i matching cu. 
should produce a straight lint- which pasws vette. can Lx- used in the same way. ihis solution 
through the ongin (Figure 4) Alternatively, and should le kept in the dark and reingerated when 
more precisely, all of the individual values can be not in us,. but allowed to come to ambient 1cm. 
used and a linear regression analysis perform-.l perature before being used in the instrument. 
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6.1.4. Hemoglobin measurement 

Blood samples which have boen refngerated 
should be allowed to warm up to room tempera-
ure. When venous bl(xd is employed, it is essen-

tial to ensure thorough mixing of the bhXtimtoensure tho lougt is taken for hem'tlo. 
spcimen K f t aliqut i tmencement 
bin estimation This is Lbst accomplished by plac

itndrava on anh-e 
ing it on a commeriallyv allable mixing apparatus 
for 15 minutes. 

of bloxd is measured, preferably by u.ing a20 gI 
standardized automatic pipette, and added to 4 ml 
of diluent (providing a I in 201 diluton). This is 
mixed and time (5minutes) is allowed for comple-
tion of the reaction When capillar' blood is used, 
dilution will have already been done at the time of 

.'omen collection. "he absorbance of the sam
pies is then measured against the diluent as a blank 
in a matching cuvette After reading each s, mple., 
it is important to ensure that the blank continue.. to 
show zero acirbance. 'I he moglobin concentra. 
tion of the s.implh is lhen d.,ternined by reference 
to the calibration curve (or a chart derived !here
from) showing photometer readings versus hero-
globin concentraon (Figure 4) 

6.2. Quality control of hemoglobin measurement 

6.2.1. Accuracy 

Ideally, all steps in the mea.",rement of hemoglo-
bin should ix- monitored for accuracy by using a 
standard inditinguishable from the specimens be-
ing measured. This ideal is. unfortunately, not at-
tainiable, as whole blood is not stable. Commer-
ciallv av.ilahble IlCN standards are already 
diluted One or more such s andard(s) should be. 
imeasurcd a(h time any unknown s'.cimren is 
measured, however, thi, check%only the ,accuracv 
of the irdch;instrument read ing to heck other %tells.') 
irn'ludin; pipet~.lig .ind '1h suiltlihltv of the di. 
luent solution. 'local" tand.rd should be pre-

pared as outlinted below, and at I.ist one run with 
each batch of etinlations 

L.o- al standards may tb pre pa.c 11.,yithdrawing 

a volume of bhcxi.(t. F_-.5WX ml) b,, ,,-n",ec lion into 
acid.itv.,.d.xtro~se. Under sterile onditionr the 
plasni.i isseparited and repla ted bv sterildt shllced 
water 1his mixture i. then Ircen and thi.med io 
ensure co:.iploe he"molvsis and the red celi ghosts 
are removed 1Iv filtration Sterile dishtIled water is 
then ,dded to produce ahemoglobin colncetration 
(it about I I g dl Aliquots of approximately 0 5 ml 
volume are then put into suitable containers which 

are sealed, labelled and frozen until used. Pro
vided sterility is maintained, these are stable for at 
least a year. 

Using this standard aqualty onrol chart to mon
sn hssadr.aqalt oto hr omn 

itor accuracy is set up as follows. Bhfore the comof sl',cimen analysis a single aliquot of 
the standard is analysed onced

comercalltne ayfor 15to 20
days, and the mean (X) and the standard deviation 
(S) of the estimat.d values calculated using the 
formula: 

( X, 

5 ,,/ n - 1 

where X,is the estimated value on the i'hday and n 
is the number of days. An example follows: 

TABLE 3. 
DATADAAFROM TE 3. MEASUREMENTREPEATED 
OF HEMOGLOBIN CONCENTRATION OF A 

STANDARD 

Day X.Hb, (.Idl) Dav X.Hb (gldl) 
1.1 11 11.1 

2 11.1 12 11.2 

3 11.1 13 11.1 
4 11.2 14 11.0 
5 11.1 15 1I.1 

6 11.0 16 11.1 
7 11.1 17 11.2 
8 11.1 18 11.0 
9 11.0 19 11.1 

10 11.2 20 11.2 

thenX - 11.095 
(/(p , -0- 0.0895 

-
n- I 

-
19 

- 0.06 

A quality control chart is then drawn with X as the 
central line ?- 2S (n 0.14) as the warning limits and 
" 3S ( ± 0.20) as the control lir.its (Figure 5). Each 
day, with each batch of s'cimens, one aliquot of 
this standard should Ix- indrutced amnong speci
metns coming from the field I'lolting the estimated 
value of the standard on the chart on a daily basis 
will help monitor the accuracv of the analysis. Any 
;x)int lying outside the • 35 limits or seven con
secutive points on one side ,i , mean line X will 
indicate that some systematic error is probably pre

21 

http:pipet~.li


-----------------------------------------

FIGURE 511.5 

upper control limit 

z 11.0 
C]O
 
0
 
-j 

(.9

0
X. 

W 

10.5 

05 I0 

Quality control chart to monitor accuracy. 

sent and corrective action should be taken. lkforeone st of .standardalquots is exhausted. anolher 

set thould be prepared. |'rm=Ittng a periodJ of 
overlap, so that a new quality control chart can be 
established and it can be seen that comparable ac-
curacy is being obtained with the new standard as 
compared with the earlier one. 

6.2.2. Precision 

The precision of the hemoglobin estimation is 
monitored by making a set of aliquots (aminimum 
of four) from a single sample. Where venous bkx)l 
is collected, this can be done by talking extra blox 
from one individual and putting it into four differ-
ent bottles which are labelled and distnbuted ran
domly amongst other specimens so that the 
laboratory worker doing the estimations cannot 
distinguish them from routine speamens. When 
measurements are made on capilLUr' blood, it may 

upper warning limit 

lower warning limit 

lower control limit 

15 i0 25 30 

DATE
 

be difficult to get multiple aliquots frorr one fingerprck. In this situation preasion may Nxmonitored 

by taking asimple of venous blood in th -field and 
then prepanng four or more 20 ,1aliqLots from 
this, adding each to 4 0 ml of diluent .nd I )rward. 
ing them blind a%. abxve to the laboratory ding the 
estimations. From the results on these alquol., a 
daily e limate of vanabilitv can N' obtaintd and 
plotted on a control ch.rt for S. The control tarl 

for Sis cstablished as follows. In g:eneral. if n rt'pli.cate alhqiiots for each of k samples chos.n to be 

representative of the range of expected values 
(e.g ,for hemoglobin 8 to 14 g'dl) are sent into the 
laboratory. the mean population variance (S)sCs. 

S - S 2 
•
 

Where Sf is the estimated variance between repli
' 
cates in the i"sample. 
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S, is computed as follows: IfX,, Xa, Xo and X1are the estimated values of tour replicate aliquots of the *1, 
sample, then

2(Xi + X1 + X' + X) - (X,, + X,2 + +. 

s, 4
 
44 

or in general 

S' - '[ L )n 
where n is the number of replicate aliquots. 

A control chart (Schart) can then be constructed as foUows: 

Central line - S
 
Upper control hrut - B4 •
 
Lower control limit - S
B3 


Upper waning limit - Bi •
 
Lower warning limit - B •
 

where B4, B3, and B4 , and B3 are given as in Table 4depending on the value of n (the numberof replicates 
of each specmen) 

TABLE 4. 
FACTORS FOR CONTROL CHART FOR S 

No. of
 
Replicates (n 
 B4 B3 Bj B 

4 2.266 0 1.844 0.156 
5 2.089 0 1.726 0.274 
6 1.970 0.030 1.647 0.353 
7 1.882 0.118 1.588 0.412 

The following is an example of the contruction of a of subjects - preferably about 40 (although only 20 
control chart for S for hemoglobin estimation. are shown for the sake of brevity)and the hemoglo

bin concentration determined on at least four repli
Saii..es of venous blood are taken from a number cate aliquots of each and S2 calculated (Table 5). 

'By mernattmonal convenhon n is used rather than n.I for 
making routine cakuahonts of S in quality control work. 
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TABLE 5. 
DATA FOR CONTROL CHART FOR S 

Subjert 
Specimen 

Estintated HtWg /dl) on 
Replicate Alquols 

Number X, Xv 

1 8.9 9.0 
2 9.2 9.1 
3 9.4 9.5 
4 9.7 9.6 
5 10.3 10.2 
6 8.6 8.5 
7 11.0 11.1 
8 12.3 12.2 
9 9.2 9.3 

10 11.3 11.1 
11 8.9 8.7 
12 9.7 9.9 
13 10.4 10.2 
14 8.0 8.1 
15 13.4 13.2 
16 10.6 10.4 
17 9.2 9.1 
18 7.8 7.7 
19 12.4 12.6 
20 9.8 9.7 

1 0.1889
/ -. ____ -,0.097k 20 

rhe central line of the chart is thus 0.1 
rh.-upper control hlmit 2 266 x 0.097 - 0.22 
"'helower control limit x 0.097 0 
*rheupper warnig limilt 1.1-4 0 097 - 0.18 
The lower w,.arni limit 0 15 0 V7 0 02 

W iheach batlch of ,-om 'ens,.at Iat one should 
tI"divided into four (or more) .liquots and submi. 
ted blind to the latratory worker lit. variability 
(S)of thewe re.dmg, %houldbe determied and the 
results plotted )n the chart (Fitgurt. 0) If any esti. 
mate of S falls cutsidet lhe tontrol limits, the nielh. 
od is out of controi and the reatin must Ixe 
determined and tIht measurenwmrits ol-tlnted in this 
batch must tb dis.rded If material is av.ilable. 
the measurements can be repeated when corrtlive 
action has been taken. If any points falls between 
the warning and control limits, or if seven cons.'u, 
tive points fall on one side ol the central line, the 
reasons must be investigated and corrctlive action 
taken if nccssry. 

Xj X S2 

8.8 8.9 0.0045 
9.3 9.1 0.0069 
9.3 9.3 0.0069 
9.7 9.8 0.0050 

10.4 10.1 0.0125 
8.7 8.5 0.0069 

10.9 11.1 0.0069 
12.3 12.4 0.0030 
9.1 9.0 0.0125 

11.4 11.2 0.0125 
9.0 8.8 0.0125 
9.6 9.6 0.0150 

10.3 10.1 0.0125 
8.2 8.1 0.0050 

13.5 13.3 0.0125 
10.5 10.7 0.0125 
9.0 9.2 0.0069 
7.6 7.8 0.0069 

12.3 12.5 0.0125 
9.6 9.9 0.0125 

!S-2 ,0.1889 

6.3 Quality control of blood collection. 
To maintain s)me degree of quality control of 

blood collection, two independent specimens 
should be obtained fron, for example, every fifth 
or tenth subject -,impledby a given worker and 
these should be slumite'd blind to the Ilabor.torv 
Th, is particul.rly im.)rtant whefn capillary ,.ii. 
pies are bein collected 

Initially, I (ontrol tharl for each blood collector cmi 
be prep.ared by havirg the worker take dupht.it
specirnen from abi)ut 10 individuals The var,. 
ance, S. of Ihthese mevasuremtents is then calttiil.t-d 
ant upper and lowcr %warningand control li:vil 
art then sel at. 2S and 33S and 2S and 1S. 
resptive.ly (,44. ~tmnplt' Klow) .ach d.,. the d:t 
ference (d) betwcen duplicate spei mens collrt td 
by the worker is ploltd on Ithat worker's thrI 
corresponding to the date of collection. Inspet tion 
of these charts provides asurance that pre:uion (t 
collection continues to Iv adequate Ek'cause the 
warning limit is based on approximately 95q confi. 
dence limits, a point can be expected to fall be. 
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tween the warning and control limits once in 22 Example: 
occasions. Because of this, no action is called for Blood collector 03 
unless points fall within this range more frequent- Initially, the collector takes duplicate samples from 
ly. If this occurs, it is indicative of a decrease in ten individuals and the hemoglobin estimations 
prexsion which should be investigated. are made blind (Table 6). 
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TABLE 6.
 
DATA FOR CONTROL CHART OF BLOOD COLLECTION.
 

Subctr Estimated Value Diffrrence Betuen 
Number Srt"men I Specimen 2 Duphcates (d) d, 

1 8.9 8.9 0.0 0.0 
2 9.2 9.1 0.1 0.01 
3 10.0 10.2 -0.2 0.04 
4 11.5 11.7 -0.2 0.04 
5 10.4 10.2 0.2 0.04 
6 13.3 13.3 0.0 0.0 
7 8.5 8.4 0.1 0.01 
8 10.0 9.8 0.2 0.04 
9 10.8 10.8 0.0 0.0 

10 9.1 8.9 0.2 0.04 

n -10 1: d 2 - 0.22
_/j 022 .OlO 

2x 10 

A control chart for collection is then constructed: formula:
 
Central line W 0
 
Upper control limit W 3S - 0.31 
 c - tVm
Upper warning limit W 2S - 0.21 where c is the number of subjects in the control
Lower control limit W -3S - -0.31 group, t is the number of subjects in each treatment
Lower warning limit -2S - -0.21 group, and m is the number of treatment groups. 
.er Figure 7. excluding the control group. 

6.4. Allocation to placebo and treatment groups The random allocation ot subjects in these propr. 
the optimum allocation of subjects to treatment tions for different numbers of treatment groups 
and control (placebo) groups is given by the can be carried out as shown in Table 7. 

TABLE 7.
 
SCHEMA FOR ALLOCATION OF SUBJECTS TO STUDY GROUPS.
 

No. of Study Suggested Size
No. of T.eat- Groups 'lnmlud- of Random
 
ment Groups ing Placebo) 
 Cyclical Orderof Allocaio, Permutation Blocks 

1 2 "PA, PA, PA, PA. PA 10 
2 3 PAB, PAB. PAB. P 10 
3 4 PABC. PABC. PABC. I' 14 
4 5 PABCD, PA[C[I). ABCDP' 18
5 6 PABCDI'[. PAR'DE[P. PABCDEP, P 22 
6 7 [PABCDEFP. P1ABCDEFP. PABCDEFP, P 25 

"P denotes placeho and other letter drnote the diferent irraimcnt groups 

The blocks of random permutation table%may ei- For example, to generate blocks of ten numbers.
ther be obtained from books of published tab ,s or the numbers 0, 1, 2, 3.... 8, 9 are written on
generated by the lottery procedure identical spheres (e.g., table tennis balls). The 
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FIGURE 7 
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spheres are then thoroughly mined in ,adlos.. con- (iv) The probabilit., with which the expemcte.d dii 
tamer The s1ph,.r,..s ference, is to Ix detected. Tisare. picked up.o)ne by one. byv a if pre-sent, 
blindfolded prr.on ard the" n,mnNr,, aire note.: often called the "lpower' of the test. 
down 1v an ,1',,.t,,mliin:l the' orde'r inlw'hic'h the'" Given these, the formula for e:stimating the samrle 
appear The he,mi'r,% should N'.permanently" re- size in each group (assumed to N'.of eqjual size) is. 

corded to I,)illt" su|..r,.isor", hevks. Blocks of2'&(. 
.mnv ,i,,e b" increasing n,.n ,imilarlv tN' g,nerated 
the. nu mt'r O)f,,pheres.3 

6.5. Determination of sample size for the corn Where n is the sampk size; uris the standard dvi
parison of two me'ans ation of lib concentration. tp is,the normal devia'.e 

corresponding to the" "power"re'quired. (F;or exam
[).ata needed f'or tht. estimation of sample site re- pie. Z~ - I fA5 corro'sp,,n'ding, to a powev~r of 95'.a 

quired for .ompa,,rison of Itwo'mean values are: 1.282 c.orresponding= to .mpwe,,q.r o~f } and 0)8 
(i) 	 "The"dilffere.nce'A ) in mean he.moglobin con. c.orresponding, to ai|powe.r oftNV )4.is the n)ormal 

c'entration, Ite.,n,Vthe two groups. considerei deviate c.orrespo)nding: to the 'onfidence c'ffi
to N'.of) blogt)ical in1ipeta,"ncel~t centI. (Fotr exam=ple 4. - I %' corre'spo.ndingl, to al 

(mm)"|hestandard dviation' (,7) of the hemoglobin 95.% conf'idencev co.'-lficientl 
'ono'entratlions 

(ii) 	 The. required c.)nfide.nce coefficent-usually" The smple sizesfor various v lues of. .o'power' 
the 9 5 

'r confidence coefficint is used. p;'r,.,.e.tedand confidence coexfficie.nt arm. in Table 8 
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TABLE 8. 
ESTIMATED MINIMUM SAMPLE SIZE IN EACH GROUP CORRESPONDING TO DIFFERENT 
VALUES OF A (CHANGE IN HEMOGLOBIN CONCENTRATION) AND a (STANDARD DEVI-

ATION OF HEMOGLOBIN CONCENTRATION) 

Pour - 90%. Co:6dc'ceC ' eciet - 95% 
A 0.2 0.3 0.4 05 0.6 07 08 0.9 1.0 1.2 1.4 

a ii in eaci ,gloup
1.0 525 234 131 84 58 43 3 26 21 15 11
 
1.2 757 336 189 121 84 62 47 37 30 21 15
 

Power - 807; Coifidence Ctyfficient - 95% 
A- 0.2 0.3 0.4 0.5 06 

a nin 
1.0 392 174 98 63 44 

1.2 564 251 141 90 63 


6.6. Student's 't'test 

When there are two independent s-amples with 
mean value' :.and X,. respectively, and it is de. 
ir'd to te't!if thexe 1%o nican values are signif,, 

cantlh difhrent etrnot. the Stdent'Vt'T1 isu'ed 
Ihi'. Ite,i% only ,ipplaIkabe urder the a.,sUimption 
thait thei to .r',1%o II',::mlt ioral~ nor ally ditribut.
 
ted data Ihe in:ti,'l a.'.urip o:- ixJ .de that tht
 
two x.mpl.,toe .m" the '.unvh"',pulathon. I V .
 
that ther'e. I%fi x dficrel',. ,.etwcei tht
):r,,,:: 
two rean-. (911, u .ti. the- "'null hyi'othe.. asx 

is'") ill-, Is put to !hvt te . ,,' ollow' .i p.)led
 
extirnalte of tili p pl lati.:n %xa I. ,, i ob-ained 

from the" t %o .ainiplpe.v %%h,h is digrI .d Is
 
pooled S: Irom hi'. i,i dtrh.td the -l.adird error 

of the di flerelict of the :'.i in %.niiex of the two 

groups S. (,4V the follow:r :ixa:ltl 

The 't'stat-i.:c is then calculated by dividing the 
difference between the two r:ians by the standard 
error of the difference in the memn values. 

(X: - X,)
t, 

This statistic ix then compared with the theoretical 
tabulated* value of l'tcorre pend i g to theIegreex 
of freedom, to otirn the probtability Ifthis prob.
ability i%gre.ater than the level of significance (usi-
all 5 00:5).nav K'concluded that the nullor it 
hvpothC.i hold% Ini th.at i siglficantd there rit) 

a;iP pr.!V L.l!;xii..K*In . tJ'!-. 

0.7 0.8 0.9 1.0 1.2 1.4 

each group 
32 24 19 16 11 8
 
46 35 28 23 16 12
 

difference betwcen the two groups in their mean 
ialuo. 

As an example. consider the data in Table 9. which 
presents the initial hemoglobin concentration of 
women randomly allocated to receive a pla.eLx) 
(Group 1)or iron (Grtup 2) in a specified dose. 

TABLE 9.
 
INITIAL Hb CONCENTRATION (g/dl) IN
 

TWO GROUPS OF WOMEN
 

Group I Group 2
 

9.4 9.6 
8.4 9.8 
9.8 8.4 

9.2 9.2
9.5 9.6 
8.2 8.4 
8.7 8.2 

10.8 10.7 
10.0 10.2 
11.1 10.9 
10.2 10.8 
11.6 

Itisdesired to test whether, after allowing for 
dropouts, the random allocation has resulted in 
two similar groups with respect to the Initial h o 
globin concentrations the calculations shown in 
Table 10 are made 
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TABLE 10.
 
CALCULATIONS FROM DATA IN TABLE 9.
 

Gioup I Group 2 

Sum of individual values Xt 116.9 XX2 105.8 

Number of observations nj 12 n2 11 

Mean of values j 9.74 9.62 

Sum of squares of values x.X12 1151.23 IX2 
2 1027.34 

Sum of values. squared. (aXl)2 (X 2)
2 

divided by number in group n 1138.8 n2 107. 

Sum of squares of Y(Xt - Xt) 2 12.429 X(X2-X 2)
2 9.736 

differences of value 
from respective mean 

Degrees of freedom nt  1 11 n2  1 10 

The pooled estimate of the population variance is given by the formula: 

o $ & (X2 -X,) 2 12.429 + 9.736 
pooled 	S2 _ .. 1.055 

(ni-l) + (n2 - 1) 11 + 10 

X(Xt-X) 2 

The stardard error of the difference betw.een the mean values of th., two groups is given by the formula: 

SS . n, .1 - F1 55 (1- T) - 0.4288 

Then: t - X- X, 9.74 - 9.62 . 0.2798 

S(x x) 0.4288 

Degreesof freedom - (n t - 1) - (n2 - 1) -. 11 - 10 - 21 

From the tables, 	 the probability i. greater than 0.7, i.e., there is no significant difference between the 
two means. 

6.7 One-way Analysis of Var.ance different doses of iron (Groups II,Group III and 

When the means of more thai tvo independent Group IV). 

groups of oke4.rvations have to Ie compared, a 

on.%." analysis of varilance technique is used. In testing for the differences in mean values of the 
four groups the hypothesis (called the -null hypo-

Consider Ihe data* in lI'able 1 on initial henmoglo, thesis-) ismade that the four groups of ,,omen are 
bin 'ontentratlion, (g dl) of four groups of women from the same population. In other words, it is 
rindomlv allotted Ito.larIitxi ((Group I)and three nece .sari to test that the random allocation has 

*I hi-, .Mt.i ar .:.ie from an o:d %- ', ind it hou!d tv." resulted in four groups that have similar initial he

noi-, ilhai :,hv. l', it-" r1-.um!'t-r 0 tontrol %ub s, in thv moglobin concentrations. Under this assu-iption 
.:.,-'fs .p ,'~loulJ tt e ti.''vn more It) conform ,t-h all 79 observations are distributed about acommon 

2 
tih r,-.lftiritrn'ni gnvtn in *6 4 	 mean ;L and vanance (Y

29
 



TABLE 11.INITIAL HEMOGLOBIN CONCENTRATIONS OF WOMEN IN A RANDOMIZED TRIAL 
AND INITIAL CALCULATIONS 

Group I Group II Group III Group IV 

9.4 9.6 9.0 9.6 
9.8 9.6 9.8 9.8 
9.4 9.2 9.4 9.2 
9.2 9.1 9.2 9.2 
9.5 9.6 9.4 9.6 
9.8 9.7 9.8 9.8 
9.2 9.5 9.8 9.2 
9.0 9.3 9.0 9.0 
9.7 11.2 9.6 9.8 
9.9 10.0 9.7 9.1 

11.2 10.2 a0 11.6 
10.8 10.2 10.0 10.8 
10.0 10.8 11.4 10.2 
10.4 10.0 10.4 11.0 
11.1 10.2 10.8 10.2 
10.2 10.4 10.0 10.6 
11.2 11.2 10.2 10.2 
11.0 10.4 10.8 11.2 
11.6 11.2 11.8 
10.8 10.2 
11.2 
11.2 

Totaln: 22 20 19 18 79 
YX: 225.6 201.6 189.2 180.1 796.5 

X: 10.3 10.1 10.0 10.0 
1X2: 2327.44 2040.20 1895.22 1812.29 8075.15 
VF- 2313.4255 2032.1280 1884.0337 1802.0006 8031.5878 

2(X - R)2: 14.0145 8.0720 11.1863 10.2894 -

whert n is the number of observations 
)X is the sum of the hemoglobin values 

and X is the mean hemoglobin value in each group. 

The analysis of vanance is developed from the fact 
that three different estimates of the variance (c2) 
can be made from the data gien in Taile 11. If, 
indeed, the four groups of wo:en come from the 
same populati,,n, these estimates should not differ 
significantly from each other. 

Estimate i: Total sum of squares. 

The total sum of squares of deviations of all 79 
observations from the overall mean value is com
puted as follows: 

30 

(9.4)2 + ,9.8)' + ... + (10.2)2 + (11.2)2 
(796.5)" 

- 44.6152 
79 

where 796.5 is the grand total of all the observa
tions as given in the last column of Table 11. This 
sum of squares has 78 degrees of freedom, giving a 
mean square of 44.6152 - 0.5719 as the first 

78estimate of 0a2. 



Estimate It: Sum of squar within groups. Once these three estimates are obtained, they can
be presented in the form shown in Table 12: 

The second estimate of a2 is obtained by comput

ing the sum of squares between the hemoglobin 
values of women within each group, called the 
sum of squares within groups. Thej rocedure is as TABLE 12. 
follows: add up the values of !:(X - X)2, given in the ANALYSIS OF VARIANCE 
last row of the tabte, for the four groups, i.e., 

14.0145 + 8.0720 - 11.1863 + 10.2894 - 4,.5622. Sourceof Drgnof Sum o Mean Varimtn
Va,o. Fredor Sqaanr Square Rata 

- 19 	 + 18 - 1) - 75 degrees of 
- 20This has (22 

freedom giving the second estimate of 2 as Between 
43.5622 0.58M. groups 3 1.0530 0.3510 <1 

75 Within 
Estimate III: Sum of squares betuyrn groups. 	 groups 75 43.56n 0.5M 

The third estimate of a, is obtained as follows: Total 78 44.6152 
square the sum of the hemoglobin values in each 
group and divide by the number in the group (the 
second last line of Table I I). Add the resultant 
quantities and subtract from this the sum of all the Note that the degrees of freedom, as well as the 
observations squared, divided by the total number sum of squares, in the between groups and within 
of observations groups rows add to the total given in the last row. 

2313.4255 + 2032.1280 + 1884.0337 + 1802.006 In the last column of the analysis of variancte table, 
(796.5)2 the ratio of the mean square of between groups and 

1.0530. within groups is computed If the means of the four 
group- diffe- significantly, then the betwen 
groups mean square will be significantly greater

Since there are four groups this sum of squares has than the within group mean square. This is tested 
three degrees of freedom giving the third estimate by a test called the 'F test or vanance ratio test. 

of a2 as 10530 - 0.3510. An excerpt of the -F- table is shown in Table 13. 
3 

TABLE 13.
 
5% POINTS FOR DISTRIBUTION OF F 4
 

"2 n 1 2 3 4 5 6 8 12 24 

1 161.4 199.5 215.7 224.6 2.30.2 234.0 238.9 243.9 249.0 
2 18.51 19.00 19.16 19.25 19.30 19.33 19.37 19.41 19.45 
3 10.13 9.55 9.28 9.12 9.01 8.94 8.84 8.74 8.64 
4 7.71 6.94 6.59 6.39 6.26 6.16 6.04 5.91 5.77 

40 4.03 3.23 2.84 2.61 2.45 2.34 2.18 2.00 1.79 
60 4.00 3.15 2.76 2.52 2.37 2.25 2.10 1.92 1.70
 

120 3.92 3.07 2.68 2.45 2.29 2.17 2.02 1.83 1.61
 
3.84 2.99 2.60 2.37 2.21 2.10 1.94 1.75 1.52 

Note: 	n, stands for the degrees of freedom of the between groups mean square and n2 slinds for the degrees of 
freedom of the within group mean square in the context o4 the one-way analysis of vanance. 

31 



If the variance ratio is less than 1,then there is no data given, one estimate corresponding to the vari
need to refer to this table since it means that the ability between treatment groups, one correspond
variance ratio is not statistically significant. If the ing to the variability between the initial 
vanance ratio computed in the analysis of vlriance hemoglobin strata, a third estimate corresponding
table isgreater than I. then the tabuhlted v'alue of F to the variability due to the interaction between 
in the atx)re table should b, lc<)kcd at correslpnd. treatments and initial hemoglobin strata and a 
ing to nj and n,. V the tabulated value of F is sinall- fourth corresp.)nding to the vanability left after all 
er than the computed value of the variance ratio, the above three are accounted !or. 'Theseestimates 
then F is .iid to be statistically significant at 5% are then presented as in Table 15 and the three 

estimates of (7"(.orresponding to between treat
6.8. Two-way analysis of variance ment groups, tetween initial hemoglobin strata 

Illustrative data or a two-way analysis of var- and interaction) are individually compared to the 
ance and the details of the computations are pre- fourth estimate by an Ftest, as was done iii the case 
sented in T,bles 14a and b.The two-way analysis of the cne-wav analysis of vanance in #6.7. 
of variance isdeveloped as is the one-wav analysis 
of vanance, from the fact that we can make four The analysis presented here is applicable only 
different estimates of the variance (a 2) from the when the number of observations in all the cells of 

TABLE 14a.
 
CHANGE IN HEMOGLOBIN CONCENTRATION () AFTER THERAPY IN THREE
 

RANDOMIZED GROUPS OF WOMEN
 

IifTIAL Nil G111" I GRCIJ n GROuP Mn 

-0 2 
.01 

" 2 
14 

.1 
1 5 

00 .08 .34 

- 103 
-07 2 6 

*l4 "30 
-0 20 2.120 
-09 .21 14 

Celi Te i C.* "06 C2 .m., 5 C3 .. 14 3 (IC C2 *C3 ). 250 

N, k.,,.u..ll,lm
No7 

a ? 
. 

* 7' 
2 3 

. ** , 
21 

.1 0 00 6
• 0, *12 -06 
-02 1 4 6 

)10 "02222 *'2 
04 I 11 *14 

*Oa -01'06 
"0' -06 "10 
-14 07 "0 
•10 *04 "23 
02" 2
-,3 ",1"0
 

-C5 .07 *0 
C411 ToeI C4 . - 0I C 5 '11 2 C6..i79 IC *C 5 "C6 1.*290 

tw.,ot- 4.M O01hi s 14 5 .4 . 4 .45•.,6 . 4z 

C~'ZTOTAL
G,o.p T416, C 5 C 3 C)C .5 C"C 4 . -09 C2'C .?27 C63. tT C2 .2 3. 4 .4 

of Ob 0' 1.*q't *4.2' Y 5 21 3^ 6 . 21 I . 

*Clch 0"4 "
! 

-t f 't ttt .6 .i abi 's,t 1t-to a 'CcI'. re o j.o.. m~ ,Seciesse 

NJ 0'1'O; % a Ikoup *1 @'t4C'l - (lie C i 
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TABLE 14b.
 
COMPUTATIONS REQUIRED FOR THE ANALYSIS
 

- - .•46 2M? 

11I) T I I " o $r (Soi.f Sece o*setrtie) - C F 

(- T.Yel SS) *(-0212.(0I-2-.0? 2. (051 - C 115 ?G -46.2857 654743 

(III) se"**C411. 5S C2, q: C2 C2 q C62 
• - -- 3-• .-- *- C-- CFr 

In 2 3 a4 A 6 

-08)2• 11g1
2 

.- -
77 

(•4 3)2 
-

(.0 12 
.-

14 

(22 7)2 
-

14 

(32.2)2 
.-

14 
-CF - SIT$ 

l,s) offtems S5 (TO 0o', 112 (Total of Gee, U 
2 

ato 	 (To%*I of a04 

AI .4 22 *"*
 

(-09)2 (22 7)2 (322)2
- -C * 27.66-

21 21 21 

(v) StI~lw Icllll ) (Ci *C*Ca1.14" ¢ 
5,eI.5 	 c a (C 4 Cj - CF 

Site'2S 3 . 4 5 6- C r 

(250)2 .2)2 -Co * 350 
21 42 

(vli laIt,,Il - | 41kms Ceil SS - r04eCGsqp 55 - 81,4t IaIl Slie S5 
TreIstase Grvii ) * 	 33 7 - 276 - 350 * 2.59 
Ik',"l Hii Shrts I 

el .4116 * SS SeiIvto SS)..) W.94 SS Tot, - Coil 

* 6.4743 - 33 I's* 357243 

the table are -nther equal, or the observations in the and >10 g initial ib strata within each treatment 
%utbclasscs within treatment groups are propor- group is the same (1:2 in the prt'snt example). If 
tior.l as in Table 14. That is, the proportion be- the observations in the sub-class's are unequal and 
tween thi' number of observations in the 8 to 10 g disproportionate, then the analysis is a little more 

TABLE 15. 
ANALYSIS OF VARIANCE 

Source of Variation Deree of Sum of 8,ll Variance Ratio Prob'ility 
Freedom Squares Square 

13.83 
Between Groups 2 27.66 13.83 0.63 " 21.95 <0.001 

350 
Between Initial fib Strata 1 3.50 3.50 3 .. 5.56 <0.05o.63 

Interachon-	 2 2.59 1.29 12 2.05 NS 
Groups X Initial Kb Strata 	 0.63 

Within Cells 57 35.7243 0.63 
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complex and it would be advisable to consult a The observed mean for the ith group then is:
 
competent statistician tocarryoutand interpret the Yl - P, + (X,. - X..) t E,

analysis. 
 It follows from the above, therefore, that 

Y- P (Xi. -X..) is an estimate of p~, the term
6.9. Analysis of covariance I- (X, . - X . )]being the adjustment intro-
The analysis of covariance combines features of re. duced by the covariance analysis. The value of 13in 
gression technique and analysis of variance. The the above model is estimated by the formula: 
analysis of covanance has, among others, two im- b X(X - X) (Y- Y)
portant uses relevant to randomized experiments b 
of the type considered in this publication, namely ((X - ,X) t2 
(i) to ir.rrease precision in the companson of hemo- (The symbol b is used sauce it is an estimate of 13)
globn concentrations after therapy in the different An example of the use of analysis of covariance in 
grous by removing he effects of differences in the analyzing the results of a supplementation trial fol
initiallows. Table 6a prsents the initial and final hem

pare the regressions in iachthe Ilop e % of the groups to S if globin concentrations and basic computations fors' o f th e r e g r ess ion l nes d i f fe r or not. I f th ew o e d m zwomen randomiztd pl c b ( G a n tr a d tot placebo (Groupu p I)1 and twoo
'lopvs do not differ, a combined estimate of he different supplementation strategies (Groups 11
 
sIope can be made for all the groups. Otherwise, 
separate regression lines have to be used for each 
group to remove the effect of initial hemoglobin In comparing a numir of treatment groups, the 
(oncentrations. question iswhether the regression hnes in the dif-

The ratioale ois as ferent groups are the same, that is,are the slopes 
and the elevations of the regression lines the same,l.et Y,, represent the hemoglobin concentration or are they differtnt The computations required

after therapy in subject number in group i. for comparing the slopes and the elevations for the 
A linear model is set up data given in Tible 16a are presented in Table 16b. 

Y; I, 1X, X. ) Eli 
wherv ;A,represents the effet (i the treatment; 
X. 1 represents the initial hemoglobin concentration 
of subject Iingroup i. |Iis the rcg:ession co'fficient 
of Y on X. X. is the mean initial hemoglobin con
centiation of allsubjects in all groups and Ell is a *Sk footnote page 29 
random error term. 
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TABLE 16..
 
DATA FROM A SUPPLEMENTATION TRIAL
 

WIIiI (X) Ad rV4l (Y) Hemeqlobft CAC4lnlrotofe In YIw4@ R6ndo.M4.ni G'0cIpt 01 Womfl 

GRfOUP I GROuP 11 GROUP M 

X Y x y x Y 

94 
64 
96 
92 
95 
62 
87 

92 
5 

98 
85 
96 
72 

'1 0 

96 
96 
92 
64 
92 
96 
96 

89 
126 
104 
96 
9' 
122 
' '0 

96 
89 
60 
9 71.6 
99 
92 
92 

'08 
104 
11 4 

129 
127 
II 9 

90 96 98 1I 8 96 125 
97 66 04 116 84 105 
99 I05 98 II0 97 II. 
90 
97 
80 
86 
1'2 
108 

62 
'og 
90 
60 
96 

'1' 

9I 
99 
96 
94 
97 
93 

11 2 
'22 
104 
97 

109 
'06 

95 
94 
93 
97 
93 
90 

8.6 
ii.1 
97 
i31 
91 

it? 
'00 'i6 ? 123 86 91 
tOi it 2 11 6 116 104 120 
102 102 106 104 106 12. 
''0 108 102 11 4 10 '00 
'!6 98 102 ''6 '00 ''6 
IO 106 106 '' a 06 130 
1' 2 1'6 '1 2 '1 0 106 120 
''2 '22 100 ''9 '02 108 
105 92 110 '09 104 '' 4 
'00 
103 

100 
'04 

' '8 
' '6 

' '2 
'23 

124 
'08 

13' 
13 ' 

'0 94 114 128 100 129 
110 11 0 119 11 a 1 4 Izo 

'1 2 
11 6 

22 
IIa 

' 0 
103 

'' 
121 

'23 
102 

' a 
il4 

'05 92 i0? ''3 ''0 11 ? 
108 12 '1 9 '32 122 '13 
'00 86 it9 132 '00 125 
11 4 109 106 11 3 102 11 7 
11 4 104 120 II9 12.? 124 
II I 104 '06 '25 119 146 
'03 99 '07 '34 ''0 '24 

115 
'02 

ll* 
126 

116 134 

'26 '39 
118
11 0 12211 6 

104 
'26 

'07 
134 

'1 2 123 
112 129 
'0 125 
'03 109 
lie 107 
107 104 
112 104 

I DOrte$of feeftO m In-I) 37 37 52 

2 Ix. lV 307.10 ; 36470 39 00 ; 43580 556.50 . 62460 
2
.1 Y2Sz X 3981 4300. 39,5 0700 4065 8600. 5039 5600 59120300 .7441 9000 

4 EXy 3950- ''00 4502 0300 6594.5500 
5 Lix-i)IY-V1 
.txy-IlX EY1/ 31.231 17 6774 362500 

2 
6 I(x-i) 

2 2 68 7600
.1K - (E[X) /n. 36.1034 42 6750 

7EY2 59 2067 C' 642' 8' 0479 
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TABLE 16b.
 
ANALYSIS OF COVARIANCE: COMPARISON OF REGRESSION LINES IN THE
 

THREE GROUPS 

an ,¢ s,n~sof vs t4. e ".0i Z11. 1111-91Go.0 tit-112 

ma.~ ofNr*4 

.0.. 1 37 )s nC4 ),2$,6 

3' 4*,'34C'..U 3 ,? 44 

3 	 46' 60* S421.00 

1.,-.- Co.i'-o,,'.-4 	 a' *4'9SS.4* 

6 	 C 0 .S *2 

.. r .', *a.", *''-_
?)*C." ea We ' ,*

, '4 ' 
LW DSwo " IT P.| -T " 
I 


~~a'4~'- ~2 

-0 	 No.4 m- *.1.a. 8 r. 9)0 ...411. 14 'Q?4 

lp.,to 13 v0 tn v~ o 

4W.46 .s '$ .1 D45 4 ' i 014 
w6nr .2 n .o 1~a I, aa.. *1,.. r.g-. n*a,'o 
____ Is's.-. U 4-4 M $-' 

.'. 	 4 34? 55x.4.z 

'3 D .*..-o .. #..,t.,., vsa 
0' 'C4 

In rows 1. 2arid 3. of VaNe lb the regression 
coefficient, are entimated separ.a ely .-)r each 
group ihe right hand ettreme of the table titled 
"[eviations from Regression." )resents the r'sidu. 
al sum of s-urs and Ithe residual mean uiTare ofthe final he'moglobn 'onii-'ntrahions n e'ach gro)up
after ihe reoression Ilin is fitted. 

The residual sum of .Aluares is obt..:,ed by Using 
the formula. 

b2 " 
!(Y 	 -- Y) 2 - '(X- -2 

where b is the estimate of the regression coe.-
ficient. 

The residual mean siuare is obtained by dividing 
the residual sum of squates by the appropriate de-
grees of freedom (given under "D',viations from 
Regrcssion-). In row 4,the residual mean square is 
calculated after fitting the three separate regres-
sions to the three groups In row 5. a common 
slope for the regresion lines s t-i.inted for the 
three ,roups by adding up the sums of squ.aes and 
products from lines I. 2 *lnd 3and the torr sx)nd. 
ing residual me.an sqLu.Lr, estimated If the residual 
mean square correspo)nding to a common slope is 
not significantly higher than that of the residual 

t(T.-g12 C44a0n"Cl I hl ooNo 


oW 

S9 my 06so 36 S144113 063 

4, 642, 0419 34 14s 0944? 

11I " l 0i $l I2144OU? 	 464 6 

') '26TS O9'0ll 


3470 1 73i-0 

._ 


"10 Qn-? '0 1136 465 

S2 6527 264244 

2'~0Z45.WD 0406% 	 OM5 

m a 
-

lic ftrfh gtrnsp rt 

*4 	 44 I6 4102 10045 

.*. M wt., I 	 '004 1004 

mean square obtained after fitting three separate 
slolps to the three groups, it can be concluded that 
the slopes do not differ s:gnificantlV. In the exam
pIe 	the F test (row 6) is not s;gnificant. 

The next ste'p Is to compare ;]heelevaitins of the 
regression lines for significan, differences rhistest, mathematically, is identical ,ith the test for 
the equality of the mean posttherapy henoglobin 
concentrations after adtustmcnl for differrnes in 

the initial hemoglobin concentrations, as can i', 
seen from the following. The estimate of the eleva
lions (denoted usually by a,, ncland c111) f.)r the 
three regression lines in the example. are given by: 

at 	 - - b R, 

C1t - Y1 - b X1 
-
1 


all, YII - b XIII 
where Yt., Yi. Y111 stand for 'he mean hemoglobin 
after therapy in the first. second and third groups. 
and X1, XII, XI1I.stand for the mean initial hemo
globin in the three groups. respectively It is obvi. 
ous that these represent the adjusted mean of the 
post-therapy hemoglobin concentrations For this 
reasn, row 9 of Table 16b is written as -differences 
between adlusted means 
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The -between groups" sums of squires and products inrow 7are computed as follows: 

Between groups X(X - R)2 

2
(ZX 1)2 

+ 
(IX) 2 + 

+ 
(X0) + XI + XJ 2(XX 

-- XI 

nl nil nil, nl + nil + niI 

Between groups )(X - X) (Y - Y) 

-+
(XXI"XY1) (1X" XYI ) + (EXXn -Y 1ii) 

nf nil nil 

Between groups X(Y- z 
2 2( +Y)(XY1)2 (Ytu) (IYI + YYII 

-= + + 
n, nil nutl nl + nil 

where XXt, YXIt, XXII stand for the sum of all the 
X values and Y.Y,. XY,, XY,,1, stand for the sum 
of all the Yvalues in grou ,1,11,and III, respective-
ly, and n1. nil and nil, stand for the total numbers in 
these groups 

The compulations in rows 8 and 9 .f the table art. 
.If.e.-manory. The tests inro b).,d r,-, 9)t-aken 

together show that the slopes 6 the regression 
lines are not significantly different, but their eleva. 
tlions are The Computations in rows 10. 11. 12 and 
13 tcst if the elevations of the regression lines in the 
ca tt ( ;roup 11and cGroup Ill are different or not, 
The- conclusion that emerges from the analysis is 
that the regression lines of the two treatment 
groups do not differ significantly either in slope 

_ X + XXI! + ZXnt)(1YI + XYII + IYtj) 
n +n U + nll 

+ IYn1 )
2 

+ nut 

(row 6)or in elevation (row 12) and that the regres
sion line of the placebo group has a similar slope 
(row 6). but a significantly different elevation (row 
9). 

It isimporta:,t to note a point of detail in the analy
sis here. In row 6 of gable 16b. the F:ratio is higher 
than 1.but isnot significant Whenever the F ratio 
exceeds 2.even if it is not statistically significant, it 
s s.afer to treat th..slopes as different and examine 
the estimated slopes in thl individual groups to see 
if the placebt group differs from the rest If it ap
pears so. then the slopes in the treatment groups, 
excluding the placebo group, can be compared by 
an analysis exactly similar to that done in rows I to 
6. 
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TABLE 16c.
ESTIMATED REGRESSION LINES AND TREATMENT EFFECT 

CESihe44 fte$$*n Lin"
 

A A
 
Geeiil form V * a O7. 

A 

end p * RWSIlaI$ Coeflicient 

Ii) 	 Placebo Y * 4goup 4 40 0.571 X 

(11) 	 Ttvotmenl goup% Y * 5 1 # 0SX 

Groups I a ]I 

$ial.ited Pftel-Ifterepy Hem.Olobn C4nCentlrolon.s nd Eimated 
Effect of Tratme.nt of 0.1fecIats, inwti meimogilbin Conc ntrtiiO.ns 

IFtgii 	 Nb E$t-m0ted Po0 t-theop, I Etimatede.ffec 
(IM) Wmb |am %1 of TecmentTI 

K 'V
 
P'cbo i1.s,.
 

6 a6? 1 028 i 4i 

9 44I '0 a5 41I0i I '" I9 4I i410 1 1001 1 42 L 141 

12 '' 15 I ,256 
99 41 

Yh* 	 aff ha l o1 O al, 1T01Of ntial 'Ht. *.flb the 
regression lines of pioceb.o a"d ?vtomo' atest@upo pavgiiei.
It they "are p0 ll1l, MeIlst lm f lleIffec would bi dellefo~lt 
at dilerent can~Chemoqiobifk eAlralbO 

Table 16c gives the estimated regression lines for 
the placebo and the treatment groups For the two 
treatment groups. acommon regression line is giv. 
en and a separate regression linte i%given for the 
placebo grou p -roni these, regr-ssin line%, tht-
expected ps)s!-therapy henotlobin 'ci)n't rations 
corresponding t)any gtienrmihal henmlobin con. 
Centration c. i, esimated b making X t-qual to 
the initial helmoglobin concentraohot, ]he differ 
ence between tht, estimated post-thcrapy hemo. 
globin concenrtrations it the placc) .ind treatment 
groups gives the estimated increas. in hemoglobin 
concentration due to treatment. Since, in this case, 

the regression lines are parallel (i.e.. the slopes are 
the same), the, estimated increase in hemogloim 
concentration due to tre'tment is constant at .ll 
initial levels of hemoglobin If. however, th re. 
gression lines ar- non-parillel, the effe'; oI tr..l. 
ment will lt- differcnt .t different levels (f inlh.i 
hemoglobin Concentration and it is desirat,]" to re 
port the estimated elfet.s of Irval ment ,at h tinn 
initial hls.1 of hemoglon separately ,,llhom;gh 
this example is tak .n fro)m a .u ppltmentaltioll Iria. 
it is more often found that the regressi lines .r 
non-parallel and the treatment effect 	 is usuallv 
greater at lower initial hemoglobin concentrat:onI% 
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