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1.

Introduction

This publication 1s one of a senes of manuals pub-
hished by the International Nutntional Anemia
Consultative Group dealing with vanous aspects of
nutntional anemia. 1t s recommended that this
volume should be read in conjunction wiath the oth-
cr volumes an the sertes As outhned in the figst
volume, "Guidehnes for the Eradication of lron De-
fictency Anemia! ("Guidehnes™), in developing a
national program for the control of iron deficiency,
a combination of strategies such as .xupplvmcnl.!-
ton, fortification, nutntion education and parasite
control will often be necessary In many countnes,
however, an important strategy 1s supplemente-
tion, where iron s supphed in mediainal form to
vulnerable segments of the population.

In developing programs of supplementation, it is
essential that tnals of proposed mu.asures be car-
ried outin representative population groups before
they are introduced on a regional or national scale.
In the last few vears. in several countnies, tnals
have been imihated which have highhighted some
of the difficultics which anse in the design and
analysis of such trals The present publications an
attempt to provide guidance for future investiga-
tors 1n s area 1t should. however, e empha-
sized that in every case at s amportant that a
competent statistican be assocated wiath the plan-
ning, execution and analysis of any tnal This doc-
umentis notin any way meant to be a substitute for
the personal involvement of a statistician.



2.

Iron Nutrition

The healthy, well-nounshed individual has a cer-
tan amount of reserve or storage iron in the body
which may be utihzed for metabolic functions 1n
peoods of increased iron requirement or decreased
wonantahe In penods of continuing negative iron
balance the first measurable change i iron nutn-
ture s a progressive decr-ase in serum ferntin con-
centration Whenaron wores are more depleted,
there s nolonger adequate iron supply to the mar-
row Thisas reflected ina decrease in the saturation
of airculating transfernn, anincrease in cryvthrocyte
protoporphvan and finally a decrease in hemoglo-
bin concentration

The ulumate aim of intervention strategies s to
achieve astate of normaliron nutehion in the target
population, or to approach as near as possible to
this, wathin the imitations of available resources.
The defimtion of “normality, ” however, poses cer-
tan problems as outhned in the  following
paragraphs

In terms of hemoglobin concentration, the individ-
val has a homeostatic mechamsm which, in the
absence of disease. and in the precence of an ade-
quate supply of hemopoictic nutnients, sets the he-
moglobin concentration at a level which may be
considered “normal” for that person © Further sup-
ply of hemopo:etie nutnents will not increase the
hemoglobin concentration The frequency distnne
bution of normal hemoglobin corcentration 1s in-
fluenced by age. sex and altitude of residence.
Theresalso evidence that there may be some racial
differences *° For a population hiving at a gaiven
altitude, the frequency distribution of normal he-
moglobin concentration of individuals 1 the differ-
entdemographic segments of the cormunity (¢,
adult males. nonpregnant women of childbearing

age, preschool children, etc.) approaches closcly a
Gaussian distnbution.

The homeostatic mechanisms do not control body
iron stores as preaiscely as they do the hemoglobin
concentratiun. Asiron stores increase, iron absorp-
tion s reduced. but not abolished. Thare are there-
fore no clearly demarcated limits for * sormal ™ iron
stores. The best simple indicator of iren stores 1n
healthy people s the serum ferntin concentration
Atbirth, geometnie mean values are in the region of
200 pg Wter These fall dunng the fest vear of life to
about 35 pp her Values in the adalescent female
stay atabout this levelunul the end of reproductive
hfeand then nise, whilein the adolescent male they
nse to a geometne mean of about 100 pg Witer and
increase shghtly with age ® At all ages, values be-
low 12 pg/iter are indicatve of 1ron defiaency and
values above 500 g liter (1n the absence of discase
states) are suggestive of iron overload. Values fall-
ing within this range may be taken as normal.

With regard to saturat:on of transfernn, 1in adults
values above 30% suggest an adegrate iron nutn-
tional status and values below 15% are suggestive
of iron defiaiency. in children from the age of six
months to adolescence, normal values are lower
and those below 10% suggest aron deficiency ®
Erythrocyte protoporphynin nses as iron becomes
unavatlabie for heme formation and values above
normal (depending on the method employed) are
indicative of 1ron deficient ervthropoiests.

Tnals of iron supplementation can be assessed by
studying the improvement in hemoglobin and se-
rum ferntin concentrations and other indices of
iron nutntion brought about by the intervention as
compared with & control situation. This is referred
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10 hereafter as the “effect” of the intervention (Fig-
ure 1) Trals may also be assessed by seeing how
close ndices of iron nutntion in the target popula-
tion come to normahty Thisas referred to hereafter
as the “efficacy™ of the intervention (Figure 1) R
must be emphasized that “efficacy™ can only be
judged when the normal s known for the demo-
Braphic sector of the population nder study. In
terms of hemoglobin concentratie n, this knowl-

edge can perhaps be approumated by extrapola-
tion from studies 1n other geographical areas, but
the only defimtive way of obtaiming the informa-
tion s by determining the frequency distnbution of
hemoglobin concentration an a sufficiently large
group of apparently healthy ind:viduals represen-
tative of that demographic sector, who are either
supplemented with all known hematinies until
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 B,,.

The preaise end point of any trial will be dependent
ona variety of factors. Ideally, thre end point would
be to restore the frequency distr bution of hemo-
globin concentration of the targ 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 a significant reduction in the prevalence
of anemia.



3.

Specimen Collection and Analysis

1. Introduction

Since the assessment of any supplementation tnal
depends on laboratory measurements, it is essen-
tal that detaled attention be given to all arpects of
the collechon, transport, storage and analysis ot
blood speamens.,

The most important single measurement is the he-
moglob:n concentration. In addition, study of the
otherindices of iron nutniion - - serum ferntin on-
centrabion, serum on concentration, transfernn
satzrabon and ervthrocvte protoporphynn wall
be hhely to provide further information of value,
particularly among the less anenuc segments of the
ropulation I desired. hematrocnts can also be
measured, but siece the, are rather more difficult
to determine accurately in the fie'  situation (due
to voitage fluctuations, ete ) ard since the hemato-
cnt s not as sensiive anaindex of anemia, the he-
matearit should not replace the determination of
hemoglobin concentration

3.2. Venous or capillary blood

Ideally, all measurements should be made on ve-
nous blood samples since, at least in the case of
hemoglobin concentration, the results are more re-
producble than those on capillary blood  Also,
measurements of serum sron concentratton ond
transfernn saturation niced more bleod than can
readily be obtained from a capdlary speamen In
many commumtics, however, there s much great-
ot resistanee to venepuricture than there s to the
collection of capiilary blood A deaiston wall have to
be made imtially as to what tvpe of blood spea-
mens are to be used depending on local arcum-
stances 1f1tas not possible to get venous samples
1n all subjects, 1t can be dearded erther to use capil-
!

lary blood in all subjects and omit measurements of
serum iron and transfernn saturation, or to use
capillary bloed in some subjects and venous blood
in others (¢.g., capillary in children and venous in
adults). If the latter course 1s adopted then it s
important to ensure that all measurementsin a giv-
cnandivadual are done on the same tvpe of sample
throughout the course of the study This requires
that the blood ollector has an appropnate record
on every individual Care must also be taken that
there are enough individuals inany subsample <e-
lected to allow for vahid statistical analysis of the
parameters being measured, otherwise nothing is
gained by studving such a subsample.

3.3. Sample collection

Since & vanety of physiological factors such as exer-
cise, posture, apprehension, ete. may affect blood
volume (and hence hemoglobin concentration) it is
important, as far as possible, to standardize condi-
tions for blood <ollection Speaimens should be ob-
tained at the same ime of dav, subjects should rest
sithng down for at least fifteen minutes before
blood 1s cellected and blood should be drawn with
the subjectina sandardized position, either sithng
of lying, (in the standing, posiion hemaoglobin con-
centration increases due to hemoconcentration).

Venous bleod should preferably be obtamed either
with disposable plastic svanges and needles or
with “vacutaners “ When measurements of serum
iron are to be made, care must be tahen to ensure
that syninges, needles and containers are iren free.
The speamen should be obtined preferably with-
out the use of a tormyuet, or with a ornijuet ap-
phied for less than one munute and reisased before
drawing the blood (when a tormiquet s leftin situ,
local hemoconcentration occurs and this incrcases
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with time); 5 ml of blood should be drawn, 1 ml
added to a suitable anticoagulant such as
NaEDTA (1.5 mg per ml of blood), heparin, or
oxalate, for hemoglobin and red cell protopor-
phynn determinations and 4 ml allowed 1o clot for
serum ferntin, iron and transfernn delennine
ations

Capillary blood should be obtained by a clean
puncture of fingertip, ear lobe, or, in bebies, the
heel, preferably with a standardized disposable
laincet Blood should be free-lowmg and no
Mueesing or compresston emploved as this s ha-
ble to dilute the speaimen with tissue flud Capil-
lary: blood for hemoglomin estimation should be
obtuncd by using a standardized “to contain ™ 20l
hepannized capillary tube The tip of the capillary
tabeas placedin the bloud and the tube allowed to
il just bevond the mark by capillary act:on The
outside of the capillary tubwe 1s then wiped with
damp gause, taling care not to discharge the sam-
ple fromthe tabe The amount of bleod i the capil-
ey tube s thes adjusted enactly 1o the mark by
moving a finger across the distal bip of the tube
Ihe outside of the capillary tube s again cleared
and the contents discharged into the lower partofa
measured volume (¢ . 4 0 ml) of the diluent soly-
to The capallary tube s then aeced out & - [0
tmeswith dduent solution from the upper part of
the diluent solution and the whole s securely
capped and mived by inversien Capallary blood
for fezntin estimations s best collected in wide bore
capiltary tubes (10 > 1 6 mm) which are allowed
to clo! wnd subsequently centnfuged and the se-
run separated

In order to provide some degree of Guahty control,
s recommended that, where possible, two inde-
pendent speamens should be obtaimred from cevery
fifth or tenth subject sampled by a given worker
and the speaimens subnutted blind to the laborato-
o Ar atalvsis of the vanabilty of these duph.
cates.amony;, different workers, will enable some
degree of supervision of the quality of work of the
ficld collectors 1o be mamntained (6 3)

3.4. Specimen transport and storage

Ideally, blood speamens should be collected 1im-
medately adjacent ta the laboratory In most field
studies, however, tlis will not be possible and
speamens will have to be transported over sonie
distance. This s best accomphished by keeping all
speamens at 4°Can anice box or refnigerated con-
tainer. Hematoenit measurements,  when  em-

ployed, should be made within two hours of
obtaining the blood to obviate artifacts brought
about by alterations in red cell volume. Hemoglo-
bin estimations on venous or capillary blood
should preferably be made within 24 hours either
in a field laboratory, or speaimens should be trans-
ported to the central Liboratory at least once each
day while field collections are in progress. Samples
for protoporphyrin analysis may be kent at 4°C for
up to 8 days, but they should not be frozen, as this
affects the extractability of the protoporphynn. Se.
rum should be separated within 24 hours of blood
collecion Sera for iron and trausfernn mav be
stored frozen (-200) for up to several months
before analysis and samples for serum ferntin may
be keptat - 20°C for several vears, provided they
are well sealed in small (¢ R . 00 ul) vials with a
relatively small air space. Before analysis such
stored sumples must be thawed and thoroughly
mied.

Where studies are being done in more remote
places, 1t may be possible to do hemoglobin and
ervthrocyte protoporphyrin estimations on fixed
volumes of blood which are pipetted onto filter
paper and allowed to dry, transported to the labo-
ratory in a dried state and subsequently cluted *
Any such techrmique, however, must be carcfully
validated and standardized i the individual
laboratory

3.5. Principles of quality control

In the performances of any tnal. detailed attention
to assure continued accuracy and preaision of all
laboratory methods 1s essental

The accuracy of a given procedure s defined as the
difference between the observed value and the
“true” value Accuracy s monitored by introduc:
Ing one or more known standards with every batch
of speaimens run (#6 2 1) I the obsened value
differs by more than a predetermined amount, the
reason must be sought and corzective action taken

The preasion of a laburatory procedure 1s a mea
sure of its repeatabibity as influenced by random
crrors. Preasion s defined statistically as the stan.
dard deviation (8) in rephcate determinations on
aliquots of the same sample where
[y dt
S m - —
V on
where d is the difference between each value and
the mean (X) of all the volues, ¥ d?is the sum of the
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squeres of all the d’s and n is the number of deter-
ninations.  Alternatively, precision may be ex-
pressed as the cocfficient of vanation (C) where

C == 100
X

To monitor precision of a laboratory method a con-
trol chart for vanation 1n estimations of aliquots
frem the same sample should be established pnor
to beginming the routine testing of speamens
(#622) Forevery batch of speamens run, a mini-
mum of four aliGuots of one speamen should be
randomly distaibuted among routine speamens
and an estimate of the vanability, S, of these mea-
surements as plotted on the control chart If any
estimate of S falls outade the control lunits, the
method 1< out of control and the reason must be
determined and the measurements obtained in this
batch must be discarded  If matenal 1s available,
the measutements can b repeated when corrective
action has been taken 1 any point falls between
the warning and contiol imuts, or if seven consecu-
tve points fall on one side of the central ine, the
reasons nust be ivestigated and corrective action
takenf necessary Where the preaision of the est-
mation arnes considerably over the range of ex-
pectea values, separate control charts will need to
be run for different ranges (e.g . serum ferntin and
scrumaron #37 and 3.8)

3.6. Measurement of hemoglobin concentration

The cyanmethemoglobin method as specified by
the International Commuttee for Standardization in
Hematology (ICSH)” should be cmployed. This
method depends on the conversion of hemoglobin
to cyanmethemoglobin (HICN) by adding blood t¢
a solution of potazsium fernicvamide and potassiurn
¢yamde. The HICH has a maximum absorbance at
a wavelength of 540 em The concentration o!
HICN may therefore be measured in a suntably cah-
brated spectrophotometer or cclonmeter. Details
are given in #6.1

3.7. Measurement of serum ferritin concentration

There s presently no method recommendea by the
ICSH All assays depend on immunological proce-
dures Details of a two-site immunoradiometric as-
say and a radioimmunoassay are given in Bothwell
ctal, (1979)'0. Currently, however, the most prac-
tical approach for laboratones not performing the
assay on a routine basis is to use one of the com-
meraally available kits which has been demon-
strated 1o 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.

Thereis an ICSH standard available from the Secre-
tary of the ICSH Pancl on Standardization of Ferni-
tin®. Commeraal kits contain “standards,” but in
setting up the assay, a laboratory should also ob-
tain the (:CSH standard to nelp reduce interlab-
oratory vinability. Since scrum ferntin appears to
be quite stable when stored at - 20° and since in
immunological assays. between batch vanations
are always considerably greater than withen batch
vanations, it as suggested that all sera collected
from a given patient over a penod of ime should
be runan one batch 1t may be desired to know
ivitial seeum ferntin values and also to know re-
sults during the progress of along tral (particularly
in a field fortfication tnal) to deade whether re-
sults are hkely to be significant and the tnal
stopped. or whether it should be continued. [t s,
therefore, desrable that wien blood 1s collected,
three aliquots should be taken for ferntin esima-
ticn. One abiquot can then be analyze § 1o find out
the present status and two can be stored for analy-
sis when all the speaimens for that subject have
been collected At the final analysis there <hould be
at least two aliquots, cach containing enough sera
for tnphcate estimations, so that if one run is a
falure there is a back-up sample. If commercial kits
are emploved. itisimportant that for the final anal-
ysis at the end of the tnal, there are enough kits on
hand from the one production lot to complete the
study on all the subjects

Precision s momitored, as in cther tests, by blindly
assaving, muluple aliquots (4 minimum of four)
from the one sample Since precsion s greater at
higher values, three control charts should be estab-
hshed, one cach for high, medinm and low ranges.
The following within-batch coefficients of vanation
(CV) should be obtained:

Serum Ferntin pg 'l cv
100 < 10%
K1 < 15%
10 < 20%

It should be noted that serum fernitin 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, Wales.
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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
hberating the iron from its binding with transfernin
and estimating it by complexing with a suitable
chromagen such as 4,7-diphenyl-1-10-phenanthro-
hne (bathophenanthrohine). The procedure is de-
scnbed in detail in Bothwell et al., 1979

As with hemoglobin measurements, accuracy
musi be closely monitored by using standard« and
precision monitored by dividing one sample into
aliquots (a minimum of four) and randomly distnb-
uting them among the day’s samples. Since prea-
s 1s greater at higher concentrations, three
contrel charts should be established, one each for
high, medium and low ranges. The following with-
in-batch and between batch coefficients of van-
aton sheuld be obtained:

Serum Fe pg'l cv
150 < 5%
75 <10%
25 <30%

3.9. Measurement of transferrin saturation

Since 1t has so far proved impossible to obtain an
adequate reference standard for the measurement
of iron binding capacity, there 1s us vet no method
recommended by the ICSH. The most widely used
methods add excess iron to the serum sample, un.
bound 1ron 1s then removed by some adsorbent
(1on exhange resin, magnesium carbonate or pro-
tein coated charcoal) which complexes with un-
bound iron but rot with bound iron, the adsorbent
15 separated by centnfugation and aither the total
rron remaiming an the supernatant s measured.
gving the totaliron binding capacity, or. if radioac-
tivearon 1s used. the amount of radioactivity in the
supernatant 1s a measure o1 the unsaturated iron
binding capaaty  The magnesium carbonate meth-
cd is recommended  This method is desenbed in

detail in Bothwell et al., (1979)'°. Although no sat-
isfactory reference material is available, a ‘ocally
prepared “standard” car be made by pooling szra
from six “normal” iron replete adult males (which
should give a value of approximately 300 pg/dl)
and the “true” value determined by perfarining
replicate analyses and obtaining the mean. Multi-
ple aliquots of this standard can be kept frozen for
many months and one or more thawed and mea-
sured in cach run of speamen: This procedure
will monitor the repeatability of the assay. Preci-
sion is monitored, as with other ncasurements, by
dividing one speamen into four or more aliquots
and randomly distnbuting them among a bat:h of
samples. The within-batch and between-batch co-
efficient of vasiation should be 210%.

The saturation of transfernn 1s given as the ratio of
the serum iron (SeFe) to the total iron binding ca-
paaty (TIBC) expressed as a percentage, i.e.,
—Scke 9

TIBC

% saturation =

3.10. Mecasurement of erythrocyte
protoporphyrin

There are a number of methods available for est-
mation of erythrocyte protoporphynn which give
satisfactory results  All depend on fluorometnc
n.easurements. Perhaps the best way of expressing,
results is as the erythrocyte protoporphynn heme
ratio A suntable method 1s descnibed by Labbe et
al.. (1970)"° There are presently no suitable stan-
dards for establishing the accuracy of the method,
but the cocfficient of vanation s appronimately 57
for no.mai blood and less than this in blood from
iron deficient subjects where the protoporphynn
heme ratio 1s ncreased  No systematic between:
laboratones standardization of erythrocyte proto.
porphynn ineasurements has been attempted
Each laboratory, therefore, must establish its own
normal range.



4.

Pilot Supplementation Trials

4.1 Introduction

In communities where there is 1 high prevalence of
iron deficiency anemia, supplementation pro-
grams may be needed to improve the hemoglobin
concentration of the more severely affected indi-
viduals within a reasonable period of ume. This is
particularly applicable, for example, to pregnant
women whenatisdesired to correct the anemia and
improve the iron autntional status before the end
of pregnancy. Because there 1s hikely to be a high
prevalence of moderately severe anemia, the chief
parameter of anterest 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-
plementation 'nal will have to be carried out to
answer the following questions:

a) Will supplemental iron improve the hemato-
logical status of the target group (i.c., 1s iron
better than placebo)? This will define wheth-
cr or not there 1s a hmiting defiaiency of iron
in the target group.

Is there a need for any other hematimic in
additon toiron (.., 15 1ron plus folate better
than iron alone)-

What is the best formulation, frequency of
administration and dose of supplemental
ironin terms of therapeutic response, accept-
ability and side effects?

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

b)

<

~—

d

~—

The pilot supplementation trial will also provide an
estimate of the within-treatment variance of the
measured parameters which can be used to decide
the number of subjects required 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 nsk of developing
irondeficiency anem.ia and who belong to a specific
demographic sector, such as pregnant women or
preschool childrer.

Ideally, pilot tnals should be carned out mn a ran-
domly selected sample of the target population. In
practice this samphing may be difficult, but much
information can be obtained by studying a non-
randomly sclected sample such as women in the
first or second tnmester of pregnancy altending an
antenatal clinic. It must be emphasized that results
obtained from the study of such a selected sample
canonly be extrapolated to the target population to
the extent to which the chinic populztion s repre-
sentative of the whole.

4.3.2. Organizational considerations

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

In all cases adequate laboratory facilities are essen-
tial. Itis desirable that the analysis be entrusted to a
special qualified technicuan, or techniaans, given
suitable training to ¢nsure that the highest stan-
dards of laboratory practice are maintained at all
times. Where the tnalis conducted away from the



laboratory, appropriate arrangements must be
made for transport of specimens from the site of
collection to the laboratory.

The proposed trial should be cleared by the cthical
commitice of the Investigator’s Institute. Where no
cthical cominittee exists, it might be wise to form
an ad hoc ethical commattee, consisting of promi-
nentlay and medical personnel not concerned with
the study, to supervise the ethical considerations
involved in the establishment and conduct of the
trual

The tnal must be fully explained to the target popu-
latwon and their informed consent obtained before
thev are included 1n it

Suttable arrangements must be made for data re-
cording and analysis Il numbers are reiatively
small. this may be done by hand. If the numbers
involved are large. however, mechanical or elee-
tronic data processing will be necessary.

4.3.3. Number of studv groups

The number of studv groups will depend on the
objectives of the pilot supplementation tnal. The
simplest stuation 15 a2 pilot tnal to determine
whether izonas better than a placebo, camed outin
a target population in which there are no indepen-
dentvartables which mav affect the outcome Such
atnal requires tw o study Rroups —- one treatment
and one placebo Often itis posable to design the
pilottnalto answer severalof the questions in 84 2
at the same time, this will require one group for
cach supplementation strategy and one plicebo
group  Care should be taken. however, not 1o
make the tnal too compheated  Expencnce sug:
gests that there should not be more than six teeat-
ment groups plus a placebo group. and preferably
less than this

4.3.4. Method of administering the supplement

To ehminate differences due to vanability of sup-
plement consumption, pilot tnals should usually
be carned out with close supenvision to ensure that
the supplement s actually swallowed  Carcfu! rec-
ords should also be kept of the supplement con-
sumption of cach individual At imes it may also
be desirable to include a group in which adminis-
tration of the supplement is unsupervised to test a
pustible “real-life” delivery system

The subjects, the supplement administrators and
the laboratory workers responsible for sample
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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, etc). The supplement for cach subject
should be prepackaged (e.g.. for a week at a time)
by someone who has the hey, and cach package
clearly labelied with the patient’s identification,
but not carrying any indication as 1o 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 tnal. In
such a situation, half the placebo group should
receive the “supplement” once o day and the other
half should receive it twice a day, thus preserving
an element of blinding.

4.3.5. Initial stratification

Steps should be taken. as far as possible, to ensure
the homogeneity of the various groups. Factors
prevalentin the target population which may affect
the hemoglobin concentration, or influence the re-
sponse to therapy, should be defined Individuals
with chromic diseases andainfections such as tuber-
culosis, leprosy and malana should be excluded
because of the difficulty in interpreting results
Those with thalassemia should be excluded be-
cause of the nsk of iron overload Where there are
manyv individuals with conditions such as hemog:
lobinopathy and hookworm infestation, they must
beadentified and il stratification done aceord-
g to the presence or absence of these conditions
An example of such imal strabfication where he-
maglobinopathy and hookworm infestation are
prevalent s shown in Figure 2 Since the presence
of certin hemoglotinonathies® (condition X, Fig.
ure 2) may affect hemoglobin concentration rre-
spective ofiron nutntion, the division into X absent
and X presentas donre first I there 1s a low preva.
lence, subjects with this condition can be eacluded,
but where there s a high prevalence, it may also be
important to study the effect of supplementation in
these individuals Two streams must therefore be
established - one consisting of individuals with-
out X and the other of individuals with X, and
these streams must be maintained throughout the
study

*Studies in Burma (Aung Thang Batu. Personal Commu:
nxatwn) and Thaland (Aree Valyasevi. Personal Com-
munication) have shown that the response to iron
therapy of subjects with hemoglobin AE 1s closely similar
to that of those with hemoglobin AA
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Stratification of target population with two factors other than hemoglobin concentration that may affect the outcome.
The full stratification for X present—prevalence high 1s not shown, but 1s ssmilar to the left hand side X absent.

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



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 more!? may pive a more
even distnbution 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 be suntably stratified In practice,
where there 1s 3 high prevalence of anemia and
individuals with a hemoglobin less than 8 g-dl are
excluded. division into two strata consisting of in-
dividuals with hemoglobin from 8 to 10 g’dl and
those with hemoglobin over 10 g a' > often sans-
factory. Each person, in each of the above hemo-
globin streamss, 1s then numbered consecutively for
random allocation to a study group.

4.3.7. Relative number of subjects in treatment
and placebo groups

When more than one treatment group is to be com-
pared with a control (placebo) group, theoretical
considerations require that the number of subjects
in the control group 1s greater than the numberin
eachtreatment group Thisis given by the formula:

9 t\ m

where ¢ 15 the number of subjects i the control
group, tis the number of subjece s in cach treatment
group and m s the number of treatment groups
(i.e.. excluding the control or placebo group).

4.2.8. Allocation to study groups

Allocation to siady groups 1s most simply done by
the use of random permutation tables either taken
from published tables or constructed for the pur-

posec (#6.4.).

As an example, consider individuals in the 8 to 10
g/ dl hemoglobin stream (condition X absent, condi-
tion Y absent) who are to be allocated in equal
numbers (1) to cach of three treatment strategies
(A). (B) and (C) (Figure 2). The above formula then
requires that there should be tV'3 in the placebo
group. This mcans that for every 3 subjects in each
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treatment group there shouldbe3 x V3 =3 x 1.73
= 5 in the placebo group, i.c. for every nine indi-
viduals (3 x 3) in the treatment groups there will
be 5 in the placebo group. Random permutation
tables of blocks of fourteen numbers (9 + 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, 3,810, 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 wrilten in the
following order

PABC, PABC, PABC, PP
under the first block of numbers thus:

1, 6 8 5 10 12, 1
P A B CP A B
9. 2 3 14,7 4 1

cpPp ABCTPTP

The random numbers then represent the serial
number of the subject within that hemoglobin
stream, so that subject no. 1 is allotted to placebo
(P), subject no. 2 to placebo (P), subject no. 3 to
strategy A, etc., and subject 14 to strategy B. When
the first block of random permutation numbers has
been used, the next block 1s used 1n an 1dentical
fashion, the “171n the block now standing for serial
number 15, 2 for 16, ¢t¢ and 14 standing for senal
number 28. This process 1s continued with succes:
sive blocks until there are cnough serial numbers to
cover all subjects required 1in that hemoglobin
stream. A simular piocess 15 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 scaled enve-
lopes by someone wio will not be involved in sub-
fect allocation. Each envelope should bear on the
outside the identification of the stream (e.g., 810 10
g dl hemoglobin stream, condition X absent, condi-
tion Y absent) and the senal number of the subject
and scaled inside should be the same identification
data plus tke study group to which that subject is



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

4.3.9. Sample size

The sample size required for analysis depends on
the vanability of the parameter of interest and the
minimum change it 1s desired to detect at a given
level of probability (power) and a given confidence
coefficient. In supplementation tnals, the major
parameter of interest s the hemoglobin concentra-
ton. The method of calculation of sample size re-
quired (or the companson of two means s given in
#6.5 together with a table indicating sample size
based on an estimated standard deviation (o) of
hemoglobin concentrrtion in the population of 1.0
and 12 g dl a confidence cocfficient of 95% and
powers of K% and 80

The inshal sample size must be greater than the
number required for analvsis to allow for dropouts
due to lack of cooperation, mugration, illness, ctc.
When recruitment to the tnalis done longitudinal-
Iv (e g. women atterding an antenatal chnic),
dropouts can be compensated for by continuing
recruilment for an appropriate penod of ime unil
adequate nambers of subjects have completed the
trial. When recrintment of the sample s done at
one pointin ttme (e g, school children), however,
an appropnate increase in numbers must be made
at the commencement of the study

At times, sample size may be high in relationship
to the resources (money, bime, personnel) availlable
for the tnal 1f this 1s so, it mav be possible to
confine the study 1o the most anemue segment of
the population in whom the greatest change in he-
moglobin concentration can be antapated; but of
thisas done, the resalts will not necessanly be ap-
phcable to all the population of interest.

4.3.10. Duration of supplemer.tation and fre-
quency of measurements

The deration of the tnal and the iming of measure-
ments will depend 1o some extent on the target
population In many arcas of the world, pregnant
women may only be avaiiable for supplementation
for a peaiod of 10 to 14 weeks. In this case, mea-
surements mav be made at the beginning and end
of supplementation, the latter measurement clearly
roust be made before delivery In other instances
(¢ g-. preschool children), supplementation may
be carried out for a number of months and mea-
surements made at 3 to 6 month intervals. The
intermediate measuiements will provide informa-
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tion on the secular trends of hemoglobin concen-
tration. In all cases, the Juration 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 avaid possible
scasonal influences, 1t 1s important tha measure-
ments in the placebo and cach of the treatment
groups be made at the same time of the year.

4.4. Analysis of pilot supplementation trial

4.4.1. Comparability of control and treatment
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
iniial hemoglobin concentration and relevant as-
soqated varnables such as hookworm infestation,
etc. In the case of hemoglobin concentration, if
there are only two groups, this may be done by the
Student’s ‘1 test (#6 6) or where there are more
than two groups, by a one way analysis of vanance
companng the mean imtal hemoglobin concentra-
tion of the groups (#6 7). In the case of hookworm,
the distnbution of egg counts pe. gram of feces is
likely to be log-normal. If so, a logar-thmic transfor-
mation of the egg counts should b done and the
comparnson of the hookworm loads Jdone by a Stu-
dent’s 1" testaf 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 be produced by supplementa-
tion. In analysis of responses. atis therefore smpor-
tant to allow for poussible small differences in the
inttial hemoglobin concentrations in the different
study groups. This can be done in two ways —
either by analysis of the change in hemoglobin con-
centration in individual subjects or by analysis of
covanance.

4.4.3. Analysis b comparison of mean change in
hemoglobin concentration

a) When placebo and treatment groups are initially
comparable.

If the placebo and treatment groups are shown to
be inally comparable (#4.4.1), analysis may be
made by companng the mean change in hemoglo-
bin concentration in the different groups. For each
individual, the change in hemoglobin concentra-



tion "d” (d = final - initial) is comp ated. Within
each group, the overall "mean d~ (d) is calculated.

When there are only two groups, one placebo (7P7)
and one treatment (“T7), the statistical significance
of the overall effect of treatment may be assessed
by companng “d.” and “d;” by a Student’s ‘U test
(#6.5). If, however, there are more than two
groups. the mean d's in the different groups may
be compared using a one-way cnalvsis of vananse

(#6.7).

In addtion to the companson of the overall effect
of treatment, itis of interest to compare the mean
change in hemoglobin concentration in the differ-
ent treatment groups within the two iital hemo-
globin streams (#436). 510 10 g dland -10 g dl,
tel di e and doayp When there are only two
treatment groups, the mean change wathin cach
hemoglobin stream mayv be compared using the
Student's “t test, 1 e, diasso1s compared with
d.q,l:\)r .lﬂd d HRNY \\'Ilh d| a0 “ h()\\'t"-'l’f,
lere are more than bwo groups, the companson of
mean d's has to be made using a two-way analysis
of vanance (#6 8)

b) When placebo and treatment groups are not
comparable imitially

If the placebo and treatment groups are not compa-
rable with refetence to the imtial hemoglobin con-
centration, 1t 1s not vahid to assess the statistical
significance of the overall effect of treatments by
comparning, the mean d's Instead. 1t1s advisable to
stratify the o fivaiduals inthe placebo and treat-
ment groups 110 S o 10 dland -10 g di class
intervals, or,af 1 eed beinto one gram class anter-
vals according to their imimal hemoglobin concen.
tration and calculate the d for cach of the stratain
the placebo ard treatment groups These d's with:
in cach classinterval mav then be compared using
the Student’s U testif there are only two groups, or
A one-wav analvsis of vanance (#6.7) if there are
more than two groups

In arcas where heavy hookworm infestation s
prevalent, it may be desirable to substratify within
cach hemoglobin class interval according to hook-
worm load (¢ 3 . egy counts of 010 2000 and - 2000
g of feces) and make the companson of mean
changes using a theeeway analysis of vanance *
Care must be taker, however, that numbers in the
substrata do rot become too small for meamngful
compansons

*Competent statistical advice may be sought to carry out
this analysis
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4.4.4. Analysis of covariance

This technique makes comparnisons between the
final hemoglobin concentrations in the different
groups by mathematically making allowances for
any differences in the imtul hemoglotn concen-
tration in the groups (#6.9). This i1s done by fitting
aregression hine of the final hemoglobin concentra-
tion on the imtal hemoglobin concentration. This
analysis assumes a incar relationship between the
mhal hemoglobin concentration and the response
to supplementation. If this 1s not true (1.¢., if there
15 3 curvilinear relationship), competent statistical
advice should be sought regarding the method of
analysis The results may lead to the following gen-
eral situations.

a) Both the slopes and intercepls of the regres-
sion lines for the different groups do not dif-
fer statistically Thus indicates that there is no
significant dilference in response between
the groups. (Figure 3a)

b

~—

The slopes do not differ, but the intercepts
show significant differences In this case, the
differences inintercept reflect treatment df-
ferences which are constant over the range uf
il hemoglobin . concentrations in the
sample. (Figure 3b)

<

~—

Both the slopes and intercepts differ statisti:
cally among the groups This retlects signifi-
cant differencesin treatment effect which are
not umform with reference to the wutial he-
moglobin concentration (Figure )

It must be pointed out thatin the event of a treat-
ment being completely successful (1 e, all indivaid-
uals reach their “normal™ hemoglobin congentea-
tion), the correlation between the final and imitial
hemoglobin concentration will tend toward zero
Insuch a situation the supenonty of this treatment
15 obvious.

Where hookworm infestation is prevalent, a covar-
unce analysis using mulhiple hinear regression may
be done Allernatively, separate regression analy-
ses may be carned out for those with hookworm
infestation and those witheut, or those with heavy
infestation and  those  with  light  infestation
(#43.9)

4.4.5. Extrapolation to general population

1f the subjects studied are not adequately represen-
tative of the target ponulation, particularly with
respect to vanables such as socioeconomic status.
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diet and parasitic infestation, it may be desirable to cable to that group as a whole, e.g., if original trials
carry out another pilot tnal in a population sample were carried out in an urban hospital-attending
more representative of the target group 10 ensure population, it might be advisable to repeat the trial
that the results obtained initially are indeed appli- in a represcntative rural setting.
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5.

Field Supplementation Trials

S.1. Introduction

In communities where there is a high prevalence of |
anemia, once the existence of a deficiency has been
confirmed and the best form of supplemental strat-
egy deternined by a pilot tnal as in #4, a field
supplementation trial may need to be carned out
under realistic conditions of public health practice,
to choose the best available delvery strategy In
some situabions, it may be possible to avod the
necessity for this step by an approprate modifica-
tion in the design of the pilot tnal For cxample, of
the pilot tral includes a group given supplements
inan unsupervised fashion, 1in which the results
are as good as i a supervised group, then, clearly,
the unsupenvised method of  distribution s
satisfactory.

5.2. Questions to be answered

Field supplementation trals should be designed to
answer the following questions:

a) Whatus the best delivery system for the sup-
plement within the imits of avallable re-
sources? This mav include not only methods
of supplement distnbution but also pro-
grams of cducation to improve motivation,
clc.

b) What is the effect and efficacy of using this
delivery system?

c) What v the
intervention?

cost effectiveness of the
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
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essential that the trial be carried out in as represen-
tative a sample of the target population as possible.

5.3.2. Organizational considerations and choice
of population sample

A ficld tnal is a much bigger undertaking than o
pilot tnal. The organizational considerations for a
pilot tnal (#4.3.2) apply, but many more resources
are needed because lirger numbers and separated
geographical - communtties  will - usually  be
imvolved

Atall imes, close haisun must be maintained with
the community 'eaders, the health authorities, pri-
vate medical practiioners and other health work-
ers whose cooperation in the study must be
assured.

Ideally, the different treatment groups should be
made up of individuals randomly selected from the
target population in a given geographic arca. How:-
ever, if it 1s not possible to limit the effects of «
given strategy to only a portion of the target popu-
lation in a given area, diftesent strategics may have
1o be tested in separated geographical units. 1If this
is 50, then, inorder to permit analysis of between-
unitvanations, itis necessary to use each strategy 1n
subjects 1n at least three different units

In the allocation of the different strategies to differ-
ent geographical unuts, 1tas important lo maintain
as even a balancr as possible with respect to the
frequency distnbution of hemoglobin concentra-
tion and other parameters which may affect the
outcome. la order 1o do this, it will probably be
necessary to make an imtial hematological survey
of a randomly selected subsample of the demogra-
phic sector of interest in the vanous 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 investigated. A pla-
cebo group must be included to ensure that the
observed cffects are due to the adrainistered sup-
plement. Ideaily, a group with supervised supple-
ment administration should also be included. In
practice, however, where the pilot trnal was carned
out in a reasonably representative population sam-
ple, it may be possible to assume that the result of
supervised admunustration is hkely to be closely
similar in the field situation; in this case, a super-
vised group may be otatted.

5.3.4. Sample size

The principles of the calculation of sample size are
the same as those outhned for a pilot supplementa-
tion tnal (#4.3.9). In a ficld tnal, the major contrast
of interest is the differences in response between
gr. 1ps receiving different strategies, rather than
the difference in response between placebo and
treatment groups. These differences are hikely to be
of smaller magnitude than those between the pla-
cebo and the other groups, therefore, itis desirable
to choose a sample size which will pernut the de-
tection of these smaller differences The preaise d
which it 1s desired to detect may vary according to
local circumstances and available resources, but a
Jifference in response of less than 0.5 g 'dlin hemo-
globin concentration may be of doubtful overall
importance.

Where there are factors in the target population
which may influence the response to therapy,
numbers will have to be increased appropnately to
allow for post-stratification procedures For exam-
ple. if hemoglobinopathy® 1s prevalent and it s
desired to study the effect of supplementation in
these subjects, as well asin those without this con-
dition, then adequate numbers of both types of
subjects must be included in the onginal sampie so
that, at the ime of analysis, the required mimmum
numbers will be avaiiable to provide satisfactory
analysis of those individuals with and without he-
moglobinopathy. Similar considerations would ap-
ply to any other condiion which may matenally
affect the outcome.

When each strategy and the placebo must be stud-

*See footnote - page
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jed in different geographicai vnits (#5.3.2), the
number given in Table 8 (#6.5) is the minimum
number of subjects, in each demographic sector of
interest in the population, who must be present in
cach geographical unit, without taking into account
the correlation that is ikeiy to occur between indi-
viduals within a cluster and the ciuster size. Since
estimates of the intraclass correlation and cluster
stze are hkely to vary in different study areas, it is
not possible to make preaise provision for this in
determining sample size As a rule of thumb, it
may be desirable to double the sample size shown
in the table to allow for this. Asinany tnal. appro-
priate allowance must also be made for dropouts.

When the number of individuals in cach demogra-
phic sector in cach unit 1s close to the number re-
quired, all of the individuals should be included in
the investigation. If, however, the number o1 indi-
viduals in a given demographie “ector in a unit is
considerably larger than the number required,
thenan appropnate 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 and frequency of measure-
ments

These will be the same as for pilot supplementation
trials.

5.4. Analysis of field supplementation trials

Unlike pilot trials, pre-stratified field trals de-
signed to improve mmtal homogeneity of the
groups may not be teasible. In such circumstances,
it is unlikely that the vanous groups will be closely
similar with respect to frequency distribution of
initial hemoglobin concentration. Therefore, anal-
vsis of results will have to be done either by post-
stratification into 1 gram class intervals according
to initial hemoglobin concentration and companng
the mean change in hemoglobin concentration (d)
in cach class interval by appropnate analysis of
vanance (#4.43), or by analyes of covanance
(#334)

When it has not been possibie to nerform the tnal
in once geographical unut, the results ot each strate-
gy in cach unit must be analyzed separately. If the
response to a given strategy s similar in two or
more units, the results may be pooled, but, if there
is a significant difference in response to the same
strategy in different units, then they will have to be
ana' zed separately and the reason for the differ-
ence investigated.
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5.5. Cost-effectiveness
€.5.1. Cost of supplementation

The “cost” of supplementation includes the price
of the medication, the cost of its transportation and
distnbution to the points of administration and the
cost of pubhaty needed to ensure comphance. If
admimistered by existing public health personnel,
¢ &L antenatal chinies, the only additional ex-
pense will be the staff required for momitonng com-
phance and effectiveness. I, however, speaal staff
are recrunted for tablet distnbution, expenses will
e much greater.

5.5.2. Effectiveness

The effect of the supplementation on individuals,
at each imtial hemoglobin concentration, 1s given
by the difference between the post-treatment he-
moglobin values in the treatment and  placebo
groups as esimated by regression analvsis. The
standard error of the treatment effect at cach initial
hemoglobin concentration can be cakculated from a
knowledge of the standard errors of the expected
post-treatment hemogiobin value in the treatment
and control groups  The latterare obtained from an
aporopriate analysis of vaLacce.

A visual representation of the effectand efficacy f
agven treatment, inany demographic sector of
the population, can be obtained by plotting the
cumulative frequency distsibution. of the finad he-
moglobin concentration of the subjects who re-
ceved the supplement and comparning it with the
frequency distabution of hemoglobin concentra-
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tion of the subjects who received placebo (effect)
and with the normal frequency distribution
(efficacy).

If a numerical index of efficacy is desired, the shift
in the wemoglobin concentrat.on ata given percen-
tile of the population (c.g., 25th%) as shown in
Figure | may be employed Alternatively, the pro-
portion of indwiduals with hemogiobin concentra-
tions below a limit arbitranly defining the presence
of anemia may be calculated; suggested values are
shown in Table i.

TABLE 1.

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

Age (years) Hemoglobin (g/dl)
05- 4 11.0
4- 8 11.5
8-1 12.0
11 - 14 female 12.0
male 12,5
14 - 18 female 12.0
male 13.8
18 + female 12.0
male 14.0




6.

Appendices

6.1. Hemoglobin determination
6.1.1. Diluent solution

The diluent solution is made by v-eighing out 200
mg of potassium [=rncyanide, S0 ng of potassium
cyanide (both analyhcal grade) ard adding distilled
water to make 1 hter. When blood 1s added to ths
solution, the reachion needs about ten minutes for
completion. This ime can be shortened te about 3
minutes by the addition of 140 mg of potassium
dihydrogen phosphate and o detergent such as
“Nonidet P40° (Shell Chemacal Col) or Triton
X-100 (Rohm and Haas) in the amount of 1 ml to
each hter. Commeraial reagent pellets are also
avatlable for making, up sutable diuent solutions.
The diluent solution should be clear and pale vel-
low in color. When measured i a spectrophoto-
meter (or colonmeter) at o wavelength of 340 nm.at
should have a zero abrorbance compared with a
water blank 1 stored in a dark glass or polvthene
bottle, this solution s stable for several months It
should not be frozen. If the reagent becomes tur-
bid, has an absorbance other than zero at 540 nm,
or a pH outside the 7.0 to 7 4 range, it should be
discarded.

Potassium cyanide is very puisonous. It should be
stored 1 locked cupboard and handled only with
the greates. care. The dilute solution is less danger-
ous since several hundred milliliters would have to
be drunk to produce any ill effects.

6.1.2. Standards

Standard reference solutions of HiCN, which con-
form to the spexification of the ICSH, are commer-
clally available. These contain between 55 and 85
mg of Hb per d! and are packaged in ampoules.
The solution in thesc ampoules is stable for ycars at
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4°C, but, once opened, care should be taken to
avoid bactenal contamination which would pro-
duce turbidity. It .s therefore usually recommend-
ced that the contents be discarded at the end of the
day. The solution should always be ailowed to
come to room temperature betore being used.

6.1.3. Instrument calibration

Measurement may be made either with a spectro-
photometer using 540 nm wavelength, or a color-
imeter using 3 suitable yellow-green filter covering
the range of 530 to 555 nm. Since the clectricity
supply in many countnes may show considerable
vollage fluctuations, a double beam instrument
which is not affected by moderate voltage fluctu-
ations 1s advantageous. Alternatively, or in addi-
tion, a suitable voltage regulator may be used.
Another solution is to use a battery powered
instrument.

The instrument should be calibrated by making di-
lutions in taphcate of a given hemoglobin stan-
dard. The following 1s a suggested protocol, but
the actual volumes required will depend on the
mimimum volume needed for the cuvelte of the
spectrophotometer o colonmeter being  em-
ployed.

TABLE 2.
PROTOCOL FOR CALIBRATION OF
SPECTROPHOTOMETER OR
COLORIMETER

Tube no. 1 2 3 4 S 6
HICN std.ml 4 3 2 1 0
Diluent ml 0 1 2 k} 4 S

»
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Calibration curve (absotbance versus hemoglobin concentration) obtained using an HiCN standard diluted
as descnbed in the teat. The hemoglobin concentration of any unknown spequnen is obtained by obsenving
the point at which the photometer reading R intercepts the calibration hine and extrapolating this to the

The volumes should be measured out using the
same cahbrated 1 ml pipette and cach should be
done in tnphcate If the standard HiICN solution
contains 80 my, dl of hemoglobin and the measure-
ments are to be made using a 110 201 dilution i
blood, then the readings obtained with the undi-
luted standard represent a hemoglobin concentra-
tion of 80 x 201 mg, dl or 16 08 g'dl, and the other
tubes 16.06 X 4 1608 x 3 1608 x 2 1608 x 1

5 Ty Ty T T T

and 0, respectively.

The absorbance of cach of these should be mea-
sured against areagent blank, the readings taken at
cach dilution should be averaged and the averages
plotted on anthmetc lincar graph paper This
should produce a straight hine which passes
through the ongin (Figure 4) Alternatively, and
more precisely, all of the individual values can be
used and a lincar regression analysis performed.
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Calibration of the instrument should be carned out
at regular intervals (eg. eveny three months) and
whenever it is repaired. i hals vhere a groun of
individuals are sampled once i vear, such caibra-
tion is essential annually before the start ol specs-
men analysis.

The performance of the instrument, once calibrat-
cd, should be checked cach ime before use and at
intervals throughout the day. This can most simply
be done by having a neutral grey glass standard
which 1s used in piace of a cuvette and which pro-
duces a known reading on the instrument. Alter
natively, a volume of HiCN -tandard solution,
sealed under stenle conditions in a matching; cu-
vette, can be used in the same way. This solution
should be keptan the dark and refngerated when
nol in use, but allowed 1o come to ambient tem-
perature before being used in the instrument.
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6.1.4. Hemoglobin measurement

Blood samples which have bcen refngerated
should be allowed to warm up to room tempera-
ture. When venous blood is employed, it is essen-
tal to ensure thorough minng of the blood
speamen bfore the aliquotis taken for hemoglo-
bin estimation This s best accomphished by plac-
ing iton a commercially availlable mixing apparatus
for 15 minutes.

20 ul of blood is measured, preferably by u.iing a
standardized automatic pipette, and added to 4 ml
of diluent (providing a 1 in 201 dilution). This 1s
muxed and time (5 minutes) is allowed fer comple-
tion of the reaction. When capillary blood 1s used,
dilution will have already been done at the ime of
speamen collection. The absorbance of the sam-
plesas then measured aganst the diluent as a blank
in a matching cuvette After reading cach s:mple,
it s important to ensure that the blank continues to
show zero absorbance. The hemoglobin concentra:
tion of the sample s then determined by reference
to the calibration curve (or a chart denved there-
from) showing photometer readings versus heimo-
globin concentration (Figure 4)

6.2. Quulity control of hemoglobin measurement
6.2.1. Accuracy

Ideally, all steps in the mearurement of hemoglo-
bin should be monitored for accuracy by using a
standard indistinguishable from the specimens be-
ing measured. This ideal is, unfortunately. not at-
tanable, as whole blood 1s not stable. Commer-
cally available  HWON  standards  are  already
diluted One or more such standard(s) should be
measured cach time any unknown speamen s
measured, however. this checks only the accuracy
of the instrument reading To check other steps,
icludingg pipetting and the sutatuhty of the di
luent solution, “local” standards should be pre-
pared as outhned below and at least one run with
cach batch of estimations

Local standards may be prepased by wathdrawing
avolume of blood (e 5., 300 mh by venesection into
aad-atrate-dextrose. Under stenile conditions the
plasmais separated and replaced by stenle distillea
water This miture s then frezen and thawed to
cnsure complote hemolvsis and the red celi ghosts
are removed by filtration Stenle distilled water s
then edded to produce a hemoglobin concentration
ol about 11 g dl Aliquots of approumately 0 5 ml
volume are then put into suitable containers which
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are sealed, labelied and frozen until used. Pro-
vided sterility is maintained, these are stable for at
least a year.

Using this standard, a quality control chart to mon-
itor accuracy s set up as follows. Before the com-
mencement of speamen analysis a single aliquot of
the standard 1s analysed once a day for 15 to 20
days, and the mean (X) and the standard deviation
(S) of the estimated values calculated using the
formula:

where X, is the estimated value on the i™ day and n
1s the number of days. An example follows:

TABLE 3.
DATA FROM REPEATED MEASUREMENT
OF HEMOGLOBIN CONCENTRATION OF A

~STANDARD"
Day X.Hb (g/dl) Day X.Hb (g/dl)
1 1.1 1 1.1
2 1.1 12 11.2
3 1.1 13 1.1
4 11.2 14 11.0
5 1.1 15 11.1
6 11.0 16 1.1
7 1.1 17 11.2
8 1.1 18 11.0
9 11.0 19 1.1
10 11.2 20 11.2
then X ~ 11.095
J(: X - X \[o.os%
$ m |[————— a [ —— = 0.0686
n-1 19

A quality control chart is then drawn with X as the
centralline = 25 (2 0.14) as the warning himits and
= 35 (2 0.20) as the control imats (Figure 5). Each
day, with each batch of specimens, one ahquot of
this standard should be introduced among spea-
mens coming from the field. Plotting the esiimated
value of the standard on the chart on a daily basis
will help monitor the accuracy of the analysis. Any
point Iying outside the * 35 imits or seven con-
secuhive points on one side ci (e mean hine X will
indicate that some systematic erroris probably pre-
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FIGURE S

Quality control chart to monitor accuracy.
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sent and corrective action should be taken. Before
one set of standard ahiquots 1s exhausted. another
set should be prepared. permitting a period of
overlap, so that a new quality control chart can be
established and 1t can be seen that comparable ac-
curacy 1s being obtained with the new standard as
compared with the carher one.

6.2.2. Precision

The preasion of the hemoglobin estimation s
momitored by making a set of aliquots (a minimum
of four) from a single sample. Where venous blood
1s collected, this can be done by taking eatra blood
from once individual and puthing it into four differ-
ent bottles which are labelled and distnbuted ran-
domly amongst other speamens so that the
laboratory worker doing the estimations cannot
distinguish them from routine speamens. When
measurements are made on capillary blood, it may

be difficult to get multiple aliquots from one finger
pnck. In this situation, preasion may be monitored
by taking a sample of venous blood in th » ficld and
then prepanng four or more 20 ul aliquots from
this, adding each to 4 0 ml of diluent and thrward-
ing them blind as above to the laboratory doing the
estimations. From the results on these aliquots, a
daily eshimate of vanability can be obtained and
plotted on a control chart for S. The control chart
for S1s established as follows. In general, of noreph-
cate aliquots for cach of k samples chosen to be
representative of the range of eapected values
(e.& . for hemoglobin 8 to 14 g/dl) are sentinto the
laboratory. the mean population vanance (S) s es-
timated by:

> s
Where S! is the estimated variance between reph-
cates in the i* sample.



S, is computed as follows: If X;;, Xo, Xg and X, are the estimated values of lour replicate aliquots of the i**
sample, then:

O e X, e Xy e Xy - Ka Xy v Xy ¢ X
s

S = i

orin gereral

n

x?

S = Py

where n is the number of replicate aliquots.
A control chart (S chart) can then be constructed as follows:
Central line

Upper control imit
Lower control limit

Upper warning limit

5
B,
By -
By
Lower waming limit = By -

wimil nint

where B,. By, and By, and Bj are given as in Table 4 depending on the value of n (the number of replicates
of each specimen)

TABLE 4.
FACTORS FOR CONTROL CHART FOR S
No. of
Replicates (n) By By B By
4 2.266 0 1.844 0.156
5 2.089 0 1.726 0.274
6 1.970 0.030 1.647 0353
7 1.882 0.118 1.588 0.412
The following 1s an cxample of the construction 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-
Sati.p.es of venous blood are taken from a number cate aliquots of cach and S? calculated (Tabie 5).

*By intermational convenhon n 1s used rather than n-1 for
making routine calculations of S 1n quality control work.



TABLES.
DATA FOR CONTROL CHART FOR S

Subject Estimated Hixg/dl) on
Specimen Replicate Aliquots
Number X, X, Xy X s
1 8.9 9.0 88 8.9 0.0045
2 9.2 9.1 9.3 9.1 0.0069
3 9.4 9.5 9.3 9.3 0.0069
4 9.7 9.6 9.7 9.8 0.0050
5 10.3 10.2 10.4 10.1 0.0125
6 8.6 85 8.7 8.5 0.0069
7 11.0 11.1 10.9 111 0.0069
8 12.3 12.2 12.3 12.4 0.0030
9 9.2 9.3 9.1 9.0 0.0125
10 11.3 11.1 114 1i.2 0.0125
11 8.9 8.7 9.0 8.8 0.0125
12 9.7 9.9 9.6 9.6 0.0150
13 10.4 10.2 10.3 10.1 0.0125
14 8.0 8.1 8.2 8.1 0.0050
15 13.4 13.2 13.5 13.3 0.0125
16 10.6 10.4 10.5 10.7 0.0125
17 9.2 9.1 9.0 9.2 0.0069
18 7.8 7.7 7.6 7.8 0.0069
15 12.4 12.6 12.3 12,5 0.0125
20 9.8 9.7 9.6 9.9 0.0125
¥S? 1 0.1889
§ [l yer, [01889 . 6.3 Quality control of blood collection.

\ K 20 To maintain some degree of quality control of
The central ine of the chart 1s thus 0.1 blood collection, two mdcpcndcnl speamens
The upper control imit = 2 266 x 0.097 = 0.22 should be obtained from, for example, every fifth
The lower control hinat 0 x 0.097 -0 or tenth subject sampled by a given worker and
The upper warming mit 1.834 x 0097 - 0,18 these should be submitted blind to the laboratory
The lower warming it 0136 = 0087 002 Thisas particulaely important when capillary sam-

With cach batch of speamens, at least one should
be divided into four (or more) ahquots and submit-
ted blind to the laboratory worker The vanab iy
(S) of these re adings should be deteranined and tlu
results plotted Hn the chart (Figuree 6) 1 any ¢st
mate of S falls cutside the control limits, the meth-
od 1s out of contror and the reason must be
detenmmined and the measurements obtared m this
batch must be discarded If material s available,
the measurements can be repeated when corrective
action has been taken. If any pomnts falls between
the warning and control hinuts, of if seven consecus-
tive points fall on one side of the central hine, the
reasons must be investigated and corrective action
taken if necessary.
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ples are being collected

Imtally, a control chart for cach blood collector can
be prepared by having the worker take duplicate
spramens from about 10 indivaduals The vane
ance, S, of these measurements s then caleulated
and upper and lower warming and control hants
are then setat «2Sand « 3Sand  2Sand 39,
respectively (wee evample below) Each dav, the J:f
ference (d) between duphcate speamens collected
by the worker as plotted on that worker's chart
corresponding to the date of collection. Inspection
of these charts provides assurance that precision o
collection continues to be adequate Because the
warning hmitis based on approximately 957% confi-
dence imits, a point can be expected to fall be-
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Control chart for S.
tween the wamning and control limits once in 22 Example:
occasions. Because of this, no action is called for Blood collector #3
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
preasion which should be investigated. are made blind (Table 6).



TABLE 6.
DATA FOR CONTROL CHART OF BLOOD COLLECTION.

Subject Estimated Value Difference Betuven
Number Srecimen | Specimen 2 Duplicates (d) &
] 8.9 89 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 13.3 133 0.0 0.0
7 8.5 8.4 0.1 0.0
8 10.0 9.8 0.2 0.04
9 10.8 10.8 0.0 0.0
10 9.1 89 0.2 0.04
n=10 1d? =02
s 22 . o108
2 x 10
A control chart for collection is then constructed: formula:
Central line - 0
Upper control limit - I = 03 ¢ =tVm
Upper wamning limit - 23S = 021 where ¢ is the number of subjects in the control
Lower control hmit - =35 = -031 group, tis the number of subjects in each treatment
Lower warming imit - -5~ -021 group, and m is the number of treatment groups,
See Figure 7. excluding the control group.

64 Allocation to placebo and treatment groups The random allocation ot subjects in these propor-

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. at- Groups ‘Includ- of Random
ment Groups ing Place ) Cyclical Order of Allocation Permutation Blocks
1 2 *PA, PA, PA, PA, PA 10
2 3 PAB. PAB. PAB. P 10
3 4 PABC. PABC, PABC, PP 14
4 5 PABCDP, PABCDP, PABCDP 18
5 6 PABCDEDP, PABCDEP, PABCDEP, P 2
6 7 PABCDEFP. PABCDEFP, PABCDEFP, P 25

*P denotes placeho and other letters denote the different treatment groups

The blocks of random permutation tables may ¢1- For example, to generate blocks of ten numbers,
ther be obtained from books of published tabies or the numbers 0, 1, 2, 3, .... 8, 9 are written on
generaled by the lottery procedure. identical spheres (e.g., table tennis balls). The
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Control chart for precision, for a given blood collector, on measurements of duplicate samples.

spheres are then thoroughly mixed in a close s con-
tuner The spheres are picked up, one by one, by a
blindfolded person ard the numbers are nuten
down by an assistant :in the order in which they
appear The numbers should be permanently re-
corded to faalitate supertisony checks. Blocks of
any size can similarly be g nerated by increasing
the number of spheres

6.5. Determination of sample size for the com
parison of two mcans

Data needed for the eshimation of sample size re-

quired for companson of two mean values are:

(1) The difference (3) in mean hemoglobin con.
centration Potween the two groups considered
1o be of bological impestance

(m) The stardard deviation (o) of the hemoglobin
concentrations

(m) The required confidence coefficient—usually
the 95% confidence coefficient is used.

(iv) The probability with which the expected dif
ference, if present, 1s to be detected. This s
often called the ‘power” of the test.

Civen these, the formula for estunating the sample

size in cach group (assumed 1o be of equal size) is.

2-0% (Zg + 2,0
i ol S L
_1:

Where n is the sample size; a1s the standard deva-

ation of Hb concentration, 7 1s the normal deviate

corresponding to the “power’ required. (For exam.

ple. Zy = 1 645 corresponding to a power of 95,

1.282 corresponding, to a power of 90% and 0 84

correspording toa pewer of 8075 ) Z, s the normal

deviate corresponding to the confidence coeffi-

caent. (For example Z, - 1 96 corresponding to a

% confidence coefficient )

n -

The sample sizes for vanous values of 3, ¢, “power’
and confidence coefficient are preseated in Table 8.
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TABLE 8.
ESTIMATED MINIMUM SAMPLE SIZE IN EACH GROUP CORRESPONDING TO DIFFERENT
VALUES OF 4 (CHANGE IN HEMOGLOBIN CONCENTRATION) AND o (STANDARD DEVI-
ATION OF HEMOGLOBIN CONCENTRATION)

Pouxr = 90%, Confidence Coctfictent - 95%

4= 02 0.3 0.4 05 0.6 07 0.8 09 1.0 1.2 1.4
g " m(-h Lroup
1.0 525 234 131 84 58 3 13 26 21 15 3]
1.2 757 36 189 121 84 62 7 37 30 21 15

Power = 80%. Confidence Cocfficient = 95%

4= 02 0.3 0.4 0.5 06 07 0.8 0.9 1.0 1.2 1.4
o n n ecach group
1.0 392 174 98 63 H 32 24 19 16 n 8
1.2 564 251 141 90 63 16 35 28 23 16 12

6.6. Student’s ‘t’ test

When there are two independent samples with
mean values X; and X, respechively, and it s de-
sired 10 testaf these two mean values are sigmify-
cantlv different er rot, the Stadent's “t testis used
This testas only applicable under the assumption
that the two mcans come from normally distnibut.
ed data The ininal assumption s made that the
two sareples come tzom the same population. s ¢ .
that these s no sigmtic et difierence between the
two means (CChis s anowe as the “null hyvpothe:
s187) This s put to the test as tollows g pooled
estimate of the populabea vanaece o s obtained
from the two samples which s designated as
pooled ST From this is derved the standard error
of the difference of the 2ean values of the two
groups S v, 1 Cecthe followsn g example)

The 't statistic 1s then calculated by dividing the
difference between the two means by the standard
error of the difference 1n the mean values.

(X; - X;)
Sy w

This statistic 1s then compared wiath the theoretical
tabulated® value of ‘U correspending to the degrees
of freedom, 1o obtain the probability If this prob-
ability 1s greates than the level of sigmificance (usu-
ally 5% or 0 63). it mav be concluded that the null
hypothesis holds and that there s no sigmificant

*In appropnate statistkal table B
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difference between the two groups in their mean
values.

As an example, consider the data in Table 9, which
presents the initial hemoglobin concentration of
women randomly allocated to receive a placebo
(Group 1) oraron (Group 2) in a speaified dose.

TABLE 9.

INITIAL Hb CONCENTRATION (g/dl) IN
TWO GROUPS OF WOMEN
Group ] 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
1.1 10.9
10.2 10.8
11.6 —_—

It 1s desired to test whether, after allowing for
dropouts, the random allocation has resulted in
two similar groups with respectto the imtial hemo
globin concentratiorns The calculations shown in
Table 10 are made



TABLE 10.
CALCULATIONS FROM DATA IN TABLE 9.
Gioup 1 Group 2
Sum of individual values Xy 116.9 X, 105.8
Number of observations n 12 ny B
Mean of values X 9.74 X 9.62
Sum of squares of values X2 15123 X2 1027.34
Sum of values, squared, ()Z)(,)2 ():)(;_)2
divided by number i group I— 1138.8 " 1017.6
1 2
Sum of squares of (X, -X)? 12.429 | ¥(X3-Xy)? 9.736
differences of value
from respective mean
Degrees of freedom n-1 1 nz-1 10
The pooled estimate of the population variance is given by the formula:
2 )L(Xl—)—(,)z + E(X;.-)_(z)z 12.429 + 9.736
pooled $° = - = 1.055
(m=1)+ (np-1) 1N+ 10

The stardard error of the difference between the mean values of the two groups is given by the formula:

\, (;'* ,’105'(]} n)-04288

_1;_2
S& x)

Then: t =

9.74 - 9.62
0.4288

0.2798

Degrees of freedom = (ny = 1) = (np = 1) =~ 11+ 10 = 21
From the tables, the probability i greater than 0.7, i.e., there is no significant difference between the

two mcans.

6.7 One-way Analysis of Varlance

When the means of more than two independent
proups of observations have to be compared, a
one-way analvsis of vanance techmque s used.

Consider the data® in Table 11 onaimtal hemoglo-
i concentrations (g dl) of four groups of women
randomly allotted to a placebo (Group 1) and three

*These data are taker from an oid study and it should e
noted that tdealiv the cumber of control subpects an the
prasebo roup should have beea more to conform with
the regquiremenis given iz #6 4
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different doses of iron (Groups 11, Group Il and
Group IV).

In testing for the differences in mean values of the
four groups the hypothesis (called the “null hypo-
thesis™) is made that the four groups of women are
from the same population. In other words, it s
necessary to test that the random allocation has
resulted in four groups that have similar inihal he-
moglobin concentrations. Under this assumption
all M observations are distnbuted about a common
mean p and vanance o?



TABLE 11.
INITIAL HEMOGLOBIN CONCENTRATIONS OF WOMEN IN A RANDOMIZED TRIAL
AND INITIAL CALCULATIONS
Group | Group Il Group 111 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 aj 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
Total
n: 2 20 19 18 79
IX: 2256 201.6 189.2 180.1 796.5
X: 10.3 10.1 10.0 10.0 —
Ix:  2327.44 2040.20 1895.22 1812.29 8075.15
X7 2313425 20021280  1884.0337  1802.0006  8031.5878
X=X 14.0145 8.0720 11.1863 10.2894 -
wher: nis the number of observations
1X is the sum of the hemoglobin values
and X s the mean hemoglobin value in cach group.
The analysis of vanance 1s developed from the fact 2 ° 2 b!
that three different estimates of the vanance (02) (9'.:;%1’5)&9'8) toe+ (10274 (112
can be made from the data given in Table 11, If, - = 44.6152
indecd, the four groups of wonzen come from the
same populatic.n, these estimates should not differ where 796.5 is the grand total of all the observa-
significantly from cach other. tions as given in the last column of Table 11. This
sum of squares has 78 degrees of freedom, Biving a
Estimate 1: Total sum of squares. mean square of 44.6152 = 0.5719 as the first
The total sum of squares of deviations of all 79 estimate of o2,

observations from the overall mean value is com-
puted as follows:



Estimate 11: Sum of squares within groups.

The second estimate of o2 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. The } rocedure is as
follows: add up the values of £(X - X)z, gwvenin the
last row of the tabie, for the four groups, i.e.,
14.0145 + 8.0720 + 11.1863 + 10.2894 ~ 47.5622.
Thishas (22 « 20 « 19 + 18 ~ §) = 75 dcgrees of
freedom giving the second estimate of o2 as
43.5622

75
Estimate 111: Sum of squares betueen groups.

- 0.5808.

The third estimate of o2 is obtained as follows:
square the sum of the hemoglobin values in cach
group and divide by the number in the group (the
second last line of Table 11). Add the resultant
quantitics and subtract from this the sum of all the
observations squared, divided by the total number
of observations

2313.4255 + 2032.1280 + 1884.0337 + 1802.006
(796.5)2
9

Since there are four groups this sum of squares has
three degrees of freedom giving the third estimate

1.0530

Once these three estimates are obtained, they can
be presented in the form shown in Table 12:

TABLE 12.
ANALYSIS OF VARIANCE
Sourceof  Degreesof  Sumof Mesn  Vermance
Vanation Freedom  Squares  Square  Ratio
Between
groups 3 1.0530 0.3510 <l
Within
groups 73 4.5%622 0.5808
Totl 78 #.6152

Note that the degrees of freedom, as well as the
sum of squares, in the between groups and within
groups rows add to the total given in the Last row.
In the last column of the analysis of vanance table,
the ratio of the mean square of between groups and
within groups is computed 1f the means of the four
groups diffes significantly, then the between
groups mean square will be sigmificantly greater
than the within group mean square. This 1s tested
by a test called the “F~ test or vanance ratio test.

An excerpt of the “F~ table is shown in Table 13.

of o? as = 0.3510.
TABLE 13.
5% POINTS FOR DISTRIBUTION OF F"*
n n 1 2 3 4 S 6 8 12 2
1 161.4 195 2157 2246 230.2 2340 2389 2439 2490
2 1851 19.00 19.16 1925 1930 1933 1937 1941 1945
3 10.13 9.55 9.28 9.12 9.01 894 8.84 8.74 8.64
4 N 6.94 6.59 6.39 6.26 6.16 6.04 5.91 5.77
49 4.03 33 2.84 2.61 2.45 2.4 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 3.9 3.07 2.68 2.45 2.9 2.17 2.02 1.83 1.61
3.84 2.99 2.60 2.37 2.21 2.10 1.4 1.75 1.52
Note: ny stands for the degrees of freedom of the between groups mean square and n; stands for the degrees of
freedom of the within group mean square in the context of the one-way analysis of vanance.

k)|



Ifthe variance ratio is less than 1, then there is no
need to refer to this table since it means that the
vanance ratio is not statistically significant. If the
vanance ratio computed in the analysis of vanance
table is greater than 1, then the tabulated value of F
in the above table should be looked at correspond-
ing to npand ny. If the tabulated value of Fis small-
cr than the computed value of the vanance ratio,
then “F7 s said to be statistically sigrificant at 5%.

6.8. Two-way analysis of variance

Hlustrative data for a two-way analysis of vari-
ance and the details of the computations are pre-
sented in Tables 14a and b. The two-wav analysis
of vanance is developed as s the one-way analysis
of vanance, from the fact that we can make four
different estimates of the variance (o °) from the

data given, one estimate corresponding to the vari-
ability between treatment groups, one correspond-
ing to the vanability between the initial
hemoglobin strata, a third estimate corresponding
o the vanatility due to the interaction between
treatments and inihal hemoglobin strata and a
fourth corresponding to the vanability left after all
the above three are accounted for. These estimates
are then prcu;nlcd as in Table 15 and the three
estimates of o° (corresponding to between treat-
ment groups, between imtal hemoglobin strata
and interaction) are individually compared to the
fourth estimate by an Ftest. as was done m the case
of the cne-way analysis of vanance in #6.7.

The analysis presented here 1s applicable only
when the number of observations in all the cells uf

TABLE 14a.
CHANGE IN HEMOGLOBIN CONCENTRATION () AFTER THERAPY IN THREE
RANDOMIZED GROUPS OF WOMEN
IMTIAL M GROU 1 CRCv» T CROUP I
[ st -
02 *12 *1 0
*01 c1 4 *1 8
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07 °2¢ *19
8-10 *0) *1 4 *30
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con tea T 08 C,een Cyectad (€, *CpeCyle 230
ae
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*10 00 1 6
*0 12 -0
-02 c1a 16
~02 *12 *22
1o *04 LN *14
‘08 -0 *0¢
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“label 1y B8:105a% -4 SROUP 1T 1y 0% Call - collnd [
8% S iy Ire o mberof BLervateacy A NG -“ull

32




(i) Corroction Focter (CF)

{11) Tote! sum of squeres
(o Totet $8)

(111) Gotween Colls $$

(iv) Between Groups 33

(v) Between Initig) MY
Strate 33

(vi) Interogiion: )
Trootmont Grouwp X )
Mgl MY Strete |}

fen) witan Cotlg 393

COMPUTATIONS REQUIRED FOR THE ANALYSIS

TABLE 14b.
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the table are mither equal, or the observations in the and >10 g initial Hb strata within each treatment

subclasses within treatment groups are propor- group is the same (1:2 in the present example). If

tioral as in Table 14, That is, the proportion be- the observations in the sub-classes are unequal and

tween the number of observations inthe 8to 10 g disproportionate, then the analysis is 3 little more
TABLE 15.

Source of Variation Degrees of  Sum of Mean Varwance Ratw Probability
Freedom Squares Square

ANALYSIS OF VARIANCE

Between Groups
Between [nitial Hb Strata

Interaction:
Groups X Initial Hb Strata
Within Cells

57 35.7243 0.63 —

13.83 _

2 27.66 EE 2195  <0.001
350 _

1 3.50 350 o= = 55 <0.05
1.29

2 2.59 129 G 205 NS



http:C*Ca1.14

complex and it would be advisable to consult a
competent statistician to carry out and interpret the
analysis.

6.9. Analysis of covariance

The analysis of covariance combines features of re-
gression technique and analysis of variance. The
analysis of covanance has, among others, two im-
portant uses relevant to randomized expeniments
of the type considered in this publication, namely
(1) torcrease preaision in the companson of hemo-
globin concentrations after therapy in the different
groups by removing he effects of differences in the
inttial hemoglobin concentrations ard (n) 1o com-
pare the regressions in cach of the groups to see if
the slopes of the regression ines differ or not. I the
slopes do not differ, a combined estimate of the
slope can be made (or all the groups. Otherwise,
separate regression hines have to be used for each
group to remove the effect of initial hemoglobin
concentrations.

The rationale of the technique is as follows:

let Y, represent the hemoglobin concentration
after therapy in subject number j in group 1.

A lincar model 1s set up )
Y, mor B(X, X)) €

where p, represents the effect of the treatment;
X, represents the imtial hemoglobin concentration
of subject jin group . s the regression coefficient
of Y on X, X_ 15 the mean imhal hemoglobin con-
centiation of all subjects in all groups and € is a
random crror term.

The observed mean for the ith group then is:
Y= p +B(X. - X))+ €

It follows from the above, therefore, that

Yy - B (X, = X..) is an estimate of p,, the term

[-B (X, . = X . )] being the adjustment intro-

duced by the covariance analysis. The value of B in

the above model is estimated by the formula:

EX-X) (Y-Y)
(X - X)?
(The symbol b is used sinice it is an estimate of B)

b o

An example of the use of analysis of covariance in
analyzing the results of a supplementation trial fol-
lows. Table 16a presents the imitial and final hemo-
globin concentrations and basic computations for
women randomized to placebo (Group 1) and two
different supplementation strategies (Groups 11
and [I1).*

In comparing a number of treatment groups, the
question is whether the regression hines in the dif-
ferent groups are the same, that is, are the slopes
and the clevations of the regression hines the same,
or are they different” The computations required
for comparing the slopes and the elevations for the
data given in Table 16a are presented in Table 16b.

*See footnote page 29
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TABLE 16a.
DATA FROM A SUPPLEMENTATION TRIAL

Mitlel (X) Ang Flngl (Y) Memeoglotia Concantrotions In Thrge Rondomued Groups O Women

GROUP I GROUP XX GROLP I
X Y ) 4 A X \j
94 92 96 09 990 100
0e 8 986 120 89 104
98 %8 92 10 & 80 e
92 8s (X 90 97 1.6
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02 12 96 122 92 2
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97 80 [ K) e [ K] 109
99 103 90 e 97 1"
90 02 91 12 99 0.6
97 109 99 122 94 1.1
80 90 926 104 93 97
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12 96 97 109 9) 91
108 e 9 106 90 127
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" 2 e e 104 120
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16 98 102 e 100 16
100 106 106 e 100 1350
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12 122 1o 19 12y "me
"ne e 10) 121 102 e
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e 109 106 "y 102 "ne
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"ne 1o
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103 109
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10.7 104
e 104
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Lix-xuv-N 2500
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TABLE 16b.
ANALYSIS OF COVARIANCE: COMPARISON OF REGRESSION LINES IN THE
THREE GROUPS
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10 0007 18 o0 o4 o -go ' tgor g @ Prgegor:
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In rows 1, 2 and 3. of Table 16b, the regression
cocfficients are estimated  separately vor cach
group. The nght hand extreme of the table utled
“Deviations from Regression, ™ presents the residu-
al sum of squares and the residual mean square of
the final hemoglobun concentrations in each group
after the regression hine s fitted.

The residual sum of squares s obluired by using
the formula.

YY-Y)P - bPyx-X)?

where b is the esumate of the regression coel-
ficient.

The residual mean square 1s obtained by dividing
the residual sum of squases by the appropnate de-
grees of freedom (given under “Deviations (rom
Regression™). In row 4. the residual mean square s
calculated after fiting the three separate regres-
sions to the three groups In row 5. 2 common
slope for the regression hnes s estimated for the
three sroups by adding up the sums of squazes and
products from lines 1. 2 and 3 and the corrospond-
ing residual mean square estimated  If the residual
mean square corresponding to a common slope 1s
not significantly higher than that of the residual

mean square oblained after fithing three separate
slopes to the three groups, it can be concluded that
the slopes do not differ s:gnificantly. In the exam-
ple the F test (row 6) ts not sigmificant.

The neat step s to compare the elevations of the
regression lines for sigmificant differences This
test, mathematically, 1s identical wath the test for
the equality of the mean post-therapy hemoglobin
concentrations after adjustment for differences in
the imitial hemoglobin concentrations, as can be
seen from the following. The eshimate of the cleva-
tions (denoted usually by ap. ;) and ay)) for the
three regression hines in the example, are given by:

aj - ?l - bil
ay - Yy - bXy,
ag = Yy - b Xy

where ?l,, Y1, Yiu stand for the mean hemoglobin
after therapy in the first, second and third groups.
and )_(,, )_(". X stand for the mean imtual hemo-
globinin the three groups, respectively [ts obvi-
ous that these represent the adjusted mean of the
post-therapy hemoglobin concentrations For this
reason, row 9 of Table 16b1s written as “differences
between adjusted means



The “between groups” sums of squares and products in row 7 are computed as follows:

Between groups (X - x)?

et exe? | @ (@X DX+ DX

n ) ny n +ny

Between groups (X - X)(Y-Y
. (X;- XY)) Xy - Yy

EXn - Yy)

+ 0y

(EX) + X + IXp) @Y + ZY + Yy

n ny il
Between groups X(Y - Y)?

e e e

n+ny + 0y

AR AE

n g it n

where 2X;, £X);, X, stand for the sum of all the
X values and XY, XYy, XY}y, stand for the sum
of all the Y valuesin groug s 1, 11, and l11, respective-
ly, and n;, nj; and ny;; stand for the total numbers in
these groups

The computations in rows 8 and 9 f the table are
sell-cvplanatory. The testsin rov 6 2ad towe Y laken
together show that the slopes i the regression
hines are not significantly difierent, but their eleva:
tions are The computations in rows 10, 11, 12 and
13testif the elevations of the regression hinesin the
case of Group 11 and Group Hl are different or not.
The conclusion that emerges from the analysis is
that the regression hnes of the two lreatment
groups do not differ significantly either in slope

+ ny
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+ ny

(row 6) or in clevation (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).

Itis importa:t to note a point of detail in the analy-
sis here. Inrow 6 of Table 16b, the F ratio s higher
than 1, butis not significant Whenever the F ratio
exceeds 2, evenaif itis not statistically significant, it
15 safer to treat the slopes as different and examine
the estimated slopesin theindividual groups to see
if the placebo group differs from the rest I st 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 1 to
6.



TABLE 16c.

ESTIMATED REGRESSION LINES AND TREATMENT EFFECT

Cotimoted Regresson Lings
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(H)  Treotmenl growps YeS3h ¢ O8N X

(Commaon 1ings for
Grovps 2 B IN)

Cemated Posi-theropy Memoglobin Concenirohions and Cetimglog
Citect of Treotment ot Diffgrgar Inmgl Memoglobin Concentretions

Indtigl MD Estimoted Post-theropy ] Castimoted oftget

(gm %) MO (gm %) i ol Treoiment

X \] (gm %)

Placedo | Trogiment l

8 . 88T | 028 Y Y

9 | 94 10 8% | Y

10 t 10 01 1 142 i 1 41

1 | 10 89 | 1199 1 4

12 tas 1256 ' 4

S P
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Table 16¢ gives the estimated regression lines for
the placebo and the treatment groups. For the two
treatment groups, a common regression hine s g
en and a separate regression hine is given for the
placebo group From these regression lines, the
expedted post-therapy hemeglobin corcentrations
corresponding to any given imtial hemoglobin con-
centration can be estimated by making; X equal to
the 1l hemoglobin concentration. The differ-
ence between the estimated post-therapy hemo-
globin concentrations in the placebo and treatment
groups gives the estimated increase in hemoglobin
concentration due to treatment. Since, in thas case,

the regression lines are parallel (i.c., the slopes are
the same), the estimated increase in hemoglotin
concentration due to treatment is constant at all
initial levels of hemoglobin 1f. however, the re-
gression lines are non-parallel, the effeci of teeat-
ment will be different at different levels of itial
hemoglobin concentration and it s desirable to e
port the estimated effects of treatment at chosen
mtial levels of hemoglobin separately - Although
this example 1s taken from a supplementation tral,
s more often found that the regression hines are
non-parallel and the treatment effect 18 usually
greater at lower imital hemoglobin concentrations "
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