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ABSTRACT

High rates of-fron deficiency anemia (IDA) (> 24/) aq@ iroﬁ
deficiency w1thout anemia (ID) (> 50?) have been previously
reported among infants. In order to determine whgthef these
rates pertain in 3 population with a_‘ohigh réte of
bfeast-feedinq and unive¥sal health <care, given that.the
reformulation of infant cereals in 197é in Canada increased
the bjijoavailability of iron fourfold, a random sample of 320
6-18 month old infants of all soeial classes w;s assessed.
ﬁemoglobip‘(Hgb), - serum ferritin (SF), free erythrocyte
protoporphyrin (FEP), height, + weight, socieeconomic status’
(Séé), dietary history and 24-hour dietary intake were
studied. The prevalencé,of IDA ~(Hgb< 110 g/l) was 3.5%
“while ID (SF< 10 wug/l with Hgb -> 110g/1) was 10.5%.
Nutritional risk factors for iron deficiency include lack of
breast-feeding {(or ;ow degree or duration), estimated.iron
intake less than 125% of the RNI and the use of infant
cgreals for less than 3 months duration. Lack of knowledge
of iron-rich foods and perceived lack of phésici;n{s
counsellihg on infant nutrition were contributing factorg.
Weight for 1length pe;centiles <10 or »90 and low SES were
risk factors. The low SES group demonstrated a -higher
degree of nutritional risk factors. As premature and low
birth weight infants are routinely supplemented with iron,

the effect of prematurity and low ‘birth weight on iron

status was small. FEP was not found to be a reliable

- iii -



screening tool for ID. Because of its fairiy low sénsitivity
for Hgb< 110 g/1 (63%), its ability to screen for 1IDA is
also limita?. Normal and abnorma} values for SF and FEP are
markedly overlapped and thué, the three stage model for the
development of IDA . is not genérally applicable ‘to infants.
As the rates of IDA aqd'ID are lo;, and espécially when it
is considered ﬂ%at the importance of the ID s}ate' is-
;ontroversial, (it is felt that screening for ID and/or IDA
should be limited to those infants most at risk, the level

of risk being proportionate to the number of risk factors

demonstrated.
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PREFACE

The great gquestions of time are not

decided by speeches and majority...

but by iron and blood.

Otto von Bismark

H_Spéech to the Prussian_Diet
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Part 1° - o

INTRCDUCTION

Iron deficiency is the most common of all nutritional

disorders and infants between six to eighteen months of age

are particularly vulnerable (Layrisse, Roche, and Baker,
- 1976). To date, few studies have examined the prevalence of
the iron deficiency state without anemia (ID) and iron

deficiency anemia (IDA), and the concurrent iron intakes of

. . A
infants in Canada.

Tﬁelprevalence of ID -and IDA wvaries from study to study.
ﬁr
" The findings are dependent.on the <criteria employed for

diagnosis,_‘and the socioceconomic status and dietary habits
of the pogulation {Oski, 1980}. | The Hiagnosis of iron
deficiency should bhegin with its definitien. A practical
definition of iron deficiency would be to consider it
preéent when iron supply is inadequéte for the' normal
synthesis of essential iron compounds (Finch, 1977). There
are three definite, but overlapping stages of iron
deficiency. .Screening tests are available for the detection
of each stage (Dallman, 1977).

in thé first stage, sometimes termed iron depletion,~iron

Ne—

stores are decreased. Serum ferritin '(SF), a soluble

L
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protein; is directly proportional to iron stores in normal-
individuals.(Lipschitz, Cook and Finch, 1974). However,;
because it 1is an acute phase reactgnt and rises with
inflammation, infection and liver disease, a normal value
does not rule out ID (ReeVes, Yip, Kiley and Dallman, 1984;
-Dallman, Siimes and Stekel, 1980). A low value (< 10 ug/l )
however, is entirely specific for 'ID (Labbe and/”};nch,
i980). Saarinen and Siimes (1978) determined that inJéevere
IDA, - low SF values are found. In milder cases, other signs
of ID may appear before body iron‘ stores are exhausted
and/or SF has reached a subnormal level. It was chclPded
that SF alone is not a useful screening test for mild ID in
-infancy. Iron -depletion may corféct itsélf without
treatment,} partiﬁularlf in late infancy when the rate.of
groth slows,'_ ahd)if the contribution of iroh-containing
foods in the diet is dincreased (Dallman, 1977). )

The measurement of bone ma:roﬁ iron frbm_ reticulo-
endothelial cells has been the time-honouréd method for
assessing storage iron. Limithtions to this method include
disparities between bone marrow aspirates and biopsies, and
the discomfort associated with the invasiveness of this
methoq {Cook, 1982).

The second stage is iréh deficient erythropoiesis.
Erythrqid iron supply is decreased but circulating
hemoglobin (Hgb) is not significantly diminished. This stage

is characterized by a fall in serum iron and a rise in total
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iron binding capacity. A Almost all the iron in serum is
bound to the irogjbinding'protéin transferrrin and the ratio
of serum iron tsj total ifon binding capacity,ig termed
transferrin saturation. Transferrin satdration is often used
as a confirmatory test for 1D, but this test has certain
limitations. It can fall with a relatively mild infection or
with infiammmatory disease. Therefore a low transferrin
saturation is not sﬁecific fo;'ID (Cook and Finch, %979).

Another detector-of iron deficient erythropoiesis is free
erythrocyte protoporphyrin (FEP), or its zinc chelate, z;ﬁc'
erythrocyte proteoporphyrin. Since protoperphyrin .is the
complex that combines with iron to form Hgb, any

insufficiency in iron supply is reflected by an accumulation

of unbound protoporphyrin  in circulating red blood cells

(rbes). FEP -levels greater than 100 ug/dl rbcs indicate
overt .iron deficient erythropeiesis (Yip, |, Johnson and

Dallman, 1984). - Limitations of th%s test include its
elevation with inflammétéry disease, exposure éo lead and
protoporphyria. Because of this,® abnormal values are not
'\Specific to ID (Chisolm and Brown, 1975). FEP may be the’
‘more advantageous of the two tests for iron deficient
.'eryﬁhropoiesis for the following reascns. FEP is useful in
distinguishing ID from thalassemia minor as it rises with ID
but not with thalassemia ginor. As well, it requires only
0.1 ml of blood (Day, 1976}, is more stable (Dallman et al.,

r

., 1980), and there is uncertainty regarding the lower limit of
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normal transferrin saturation in infants {(Oski, 1980;
Dallman et al, 1980). FEP ~ values during infancy are
somewhat higher than adult levels, but it -has not been

concluded if this is due to ID (Dallman et al., 1980). There
1s some evidence that the sensitivity of FEP in diagnosing
IDA is increased when expressed in relation to Hgb (Thomas,
Koénig, Ligﬁtsey, and Green, 1977), packed red cell volume
or ﬁematécrit {Cook, 1982y, or heme éoncentration (Labbe,
Finch, Smith, Doan, Scod and Madan, 1979).

FEP has been advocated as a séreening tool for ID (Yip,
Schwartz and Dienard, 1983). When assayed using a
hematofluorometer, it is quickly and eésily determined on a

single drop of tapillafy blcod (Blumberg, Eisinger .and

© - Lamecla, 1977). If the goal of screening for IDA is to detect

infants at risk of developing IDA, then FEP is a more direct
indicator of inadéquate iroﬁ nutrition <than SF, which
indicates inadequaye iron étores.

| Red blood <cell -indices such as mean . corpuscular volume
and meaﬁA Jcorpuscdlar hemoglobin‘ concentration measure
microcytosis and hypochromia, respecéively énd are
intermediate in terms of sensitivity between measufements of
iron deficient erythropoiesis andl frank IDA. A low mean
corpuscular. volume is .also characfg}istic.of thalassemia
minor {(Cook, 1982).

The third and final stage of iron . deficiency is

assocjiated with a-significant decrease in circulating Hgb,
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. in other words - overt. IDA. A The World Healﬁh Orgaﬁization~<
(wﬁo; 1972) has probosed that a Hgb less tﬁan 110 g/1 or a

-hematocritjipacked red cell'vo}ume) less than 0.33.1/1 be

used to identify anemia in children between ‘6 months to 6

yearéggwho are living at sea level. Using frequency
" distributions of Hgb levels, Dallman and Siimes (1979) have
confirmetd the WHO lower limit of normality of Hgb.  Blacks

normally have a Hgb that is 5 g/l lower than that of whites

at all ages after the perinatal period| but there is some

evidence (Reeves, Driggers, Lo aﬁd Da}\mgn, 1981) -thét

screening for IDA using identical «criteria for blacks and‘
whites 1is effective.  While iron deficiency is the most
common cause of anemia, othér causes such as inflammatory

disease_and thalassemia minor are not uncommon among infants

and children. Where possiblé;d IDA should be confinpmed with

other laboratory tests or by a' therapeuticstrial of iron

(Dallman et al., 1980).

The therapeutic iron trial measuring Hgb response is
considered to Be the "gold standard" against which all other
measurements of IDA should be measured. Its limitations
include possible compliance problemé and high cost Y Cook,
1982).

Combinations of hematologid lab tests have been proposed
- \‘ LY
(Saarinen and Siimes, 1978; Thomas et al, 1977). Cook,
Finch and Smith (1976) assessed the iron status of a

population and indicated that-the probability that IDA is



Pl

6
present increases with the number of abnormal blood values
discovered. Two abnormal wvalues is arbitrarily recommended
for diagnosis . Howéver, a study de§lqged to determine lab
test predictors for a significant Hgb response to iron
therapy in infants with Héb less than 115 g/1 found that
while over half the infants meéting predetermined criteria
for iron deficiency héﬂ a therapeutic responée to oral iron,
a large percentage of responders would have been missed if
two or more confirmatory tests had had to be abnormal
(Dallman, Reeves Driggers and Lo, 1981).

The relationship between socioceconomic status and child

health was examined and it was found that the prevalence of

ID and IDA, and notably the severe degrees of anemia were.

more common among the poor. The study was unable to draw
inferences about causality (Egbkuonu and Starfield, 1982).
Selected physical, social and nutritional correlates of IDA
in infants cf low socioceconomic groups were.studied. When
compared to non-anemic controls the child with IDA drank
more milk, <consumed less iron, took less iron supplementé,
and was introduced to strained food .at a later age (Czajka-
"Nairns, Haddy 4nd Kalbn, 1978).

Myers (1979) reﬁ;fspéctively studied infant feeding
patterns in Canada between 1970 - and 1972 and found that
among 250 infants under one year of age, the lower the
family income, ﬁhe lower d;re the iron intakes, the use of

infant cereals, and the practice of breastfeeding in the

family.
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Iron appears to be utilized more efficiently in breast-
fed infants than in formula-fed infanﬁs (Woodruff, Lath;m
and McDhavid, 19877). A study --by Saarinen (1978) suggests
that breast-feeding alone may be insufficient to maintain
iron status after six months and that iron supplementation
be started after this time. Recently, infants exclusively
breast-fed for nine months were studied and it was found
that in the grea£ majorityof them, iroq status was well
mﬁintained independent of whether or. not the mothers
received iron supplements (Siimes, Salmenpera, and
Perheentopa, 1984).

In Canada, the practice of breast-feeding has almost
tripled over the past 15 to 20 years. According to data
collected during the Nﬁtrition Lanada Survey, éovering the
period between 1965-1971, only 267 of mothers initiated
breast~feeding (Myers, ,1979). In 1982, the national average.
for the incidénce of breast-feeding was 69.4% (Myers, 1982).
A recent study of infants in &ontreal and Tgrénto revealeg

that 71% of mothers breast-fed their infants during the

first week postpartum {Yeung, Pennell, ‘Leung, and Hall,

L0

1981a).

With the exception of a study of the iron status of

native Canadians (Valberg, Birkett, Hiast and Zamecnik,
1979}, there is a paucity of current data on the prevalence
of ID and IDA among Canadians. A 1971 survey of <child

“health centres in Toronto, demonstrated Hgb levels less than

Lid
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100 g/l in 29% of 252 infants screened. The mean estimated
dietary iron intake was 9 mg and no significant correlation
between iron intake and Hgb levels Qaé observed (Milne,
Beaton, Latchford, Vaughn and Moss, 1971).

A major source of data is the Nutrition - Canada Survey

conducted between 1970 and 1972. Nutritional status was
. . .

assessed according to region, population type, income and

season. The response rate was 46%. An interpretive

standard was developed for data analysis (Health and Welfare
Canada, 1973). When the - WHO (1972)u criteria for
identificationh of IDA are applied " to the data (Health and
Welfare Canada, 1975a), 13.2 to 18.8% of Canadian infants.
less than,‘'one year - can be cla§sif;;a' as anemic. In.
metfopolitan areas of Ontario, iron status, as judged by
transferrin saturation values less than_16% , was at a high
risk level for 9.3% of the small sampléipf 23 infants less
than 4 years of ace. The_éoncurfént mean dietary .iron
intake was 40 mg/day among infants less than one vyear ip
Ontario. The high mean ;ntake of irén was due to the
consumption of infant cereals which were partiéularly
popular in Ontario. Nationally, 84% of the iron intake of
infants less than one year was provided by infant cereals
(Health and Welfare Canada, 1977).

Valberg, Sorbie, Ludwig and Pellé£ier (19%6) measured
iron stores of Canadians using Sé assays on_  serum samples

collected during the Nutrition Canada Survey. According to

L
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the interpretive standard for SF, 29 and 48 of children
ages 1 to 4 years.Lad high (SF less than 10 ug/1) and
moderate (SF  between 10 to 20 ug/1) probabiiitie;,
respectively, that iron stores were diminished.,

In the above three Canadian studies, mean iron intages
':ﬁere well above daily requifements (Health and Welfar;
Cénada, 1963, 1975b and 1983). The discgepancy between the
hematologic wvalues and the high iron intakes may bg
attributed to the low bicavailability of the iron contained
in infant cereals at the time. Prior to 1976, the dietary
iron in infant cereals was mainly in the form of sodium iron
pyrophosphate with an absorbability of less than 1%. In
1976 in eﬁﬁada (and in 1972 in the U.S.) this was replaced
'by’ieduced iron of small particle size which is absorbed at
a level of about 4% (Rios, Hunter, Cook, Smifh and Finch,
1975). This is an important change as infaﬁt cereals supply
children under one fear with an average of 62% (Yeung,
Pennell, Leung, Hall and Anderscon, 1981lbk) to 84% -(Health and
Welfare Canada, 1977) of their dietary iron.

Yeung et al. (léélb), have assessed the iron intakes of
infants in Montreai and Toronto in a longitudinal study over
the firset 18 months of life. food records indicated that
among infants 3 to 10 months of age, infant cereals
contributed about 70% of the dietary iron. Before and after
this time the percentage contribution of cereal iron

decreases. Although the mean dietary iron intake levels
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were adéquate e#cept in the first and g}ghteenth montqs,
between 18 to 39% of infants 6 to 18 mﬁnﬁhf of age consumed
less than the recomménded ironfintake. These authors, aﬁd
cthers (Fomon, Filer; Anderson, and Ziegler, 1979) recommend
“that cereal feeding be continued until 18 to 24 ‘months of
age. Based on iron intake, iron deficiency was estimated by
probability analysis and ranged from 21 to 59% at 6 and 18

e
menths, respectively. No hematologic tests wete done to

confirm thesé estimates. Because of the limitations of the
- * .

-

probability analyéaé- technique these authors and the
Canadian Paediatric Society’ (1979) support the use ‘of
biochemical data to 'determine the current prevalence of iron
defi;}éncy in Canadian infants. ’

:"Brault—Dubuc, Nadeau and Dickiq (1983) longitudinally
studieé the dietary iron in£ake ané"the iron status of

French-Canadian children from birth to 3 years. Laetween 6

-and 18 months the percentage of infants with Hgb <11 g/1

dropped from 7 to 1%. At 18 months, 29.2% of infants
‘exhibited SF values <10 ug/l. Between 6 and 18 months of
age, 11.2  to 55.3% of infants received'less than the

recommended levels of iron intake. The major limitations of
this study are that the population had not been randomly
sampled from French-Canadian families and that the children
came from middle to upper class families. As iron aeficiency
is strongly related to socioecon?mic status, the results
.cannot be extrapolated to the french-Canadiaﬁfpopuiation a’s

a whole.
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Owen and Lippman (1977) reviewed studies conducted
between 1967-1977 in the U.S.. Among .the three national
studies, the Ten State Survey, ﬁhe‘?reschooL Nutrition Study
and the first Health and Nutritién Examination Sygvey, 20 to
30%.of youﬂg children had-iéfn intakes less than s mg/day;
an Qnacceptable level. ;’Nugrient intakes reflected - the
‘'socioeconomic status of the'family, when race, ;ex and age
were held constant: A review o¢f 25 regional and local .
studies indicatgdzghé prevaience of ID to be.23 to 50% and

IDA to be 10 to 40% in infants. .

Oski's review (1980), indicated the prevaience of -IDA
defined by HgS le§s than 110 g/l to be 3 to 24% among
.ingzﬁfs 6 to 24 months old in the U.S.. Using transferrin
saturation less than le% as the criterion for iron

deficiency, 29 to 68% of this pepulation was found to be—

iron deficient. This summarizes studies published between

1970 to 1980. _ - -

It ti.s possible that the type '05 health care delivered may
play a role in the'p:évalence of ID and IDA. In studies'of
infants in private practices, the rate of ID 7.4% (FEP
.>100 ug/dl rbecs) {Dine, 1980) and' the rate diajDA was 142
(Hgb <110 g/1) (Fuerth, 1971). These rates are 1in the'low
to moderate ranges of the U.sS. rgviews described above kOwen
and Lippman, 1977; Oski, 1980).

Because of Fhe high risk of IDA, the American Acadec.y of

Pediatrics (198l1) has. recommended general'étreéning for
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anemia in  infants at 6-7 - months. Others have- suggésted
geﬁ;ral screenings betwqgn 9 to 24 months (Schmidt, 1984;
Gershel, 1984). The screening of only high risk infants‘haé
’glso been advocated (Eggertsen, Schneeweiss and . Bergman,
1980). ' ‘ ’ .

The Canadian Recommended Nutrient Infake (RNI}) for iron
was established to estimate. the amount of dietary iron
necessary to maintain reasonable ‘degrees cf iron storage,‘
not upon amounts required to prevent IDA or other clinical
symptoms. - The reéulation of 1diron levels 1in the bbdf is
governed by the absorption of iron from the- intestinal
tract. | As Aeficiency\ develops, the body adapts by
igcreasing the efficiency of diron absorptién. When iron
intake éxceeds fquirementsv . the efficiency of iron
ébsorption decreases. Estimation of* iron redquirements is
diff%cglt in that it is nece;sary_té establisj the desired
nutritional status and the efficiency of absorption
associated with that target nutritional status (Health and
Welfare Canada, 1983). ' |

The bicavailablilty §£ iron is also affected ‘gﬁ the
nature of “the diet (Layrisse, Martinez-Torres and Roche,
-1968). Food iron is found in heme "and non-heme forms. Non-
heme iron is the ;primary form and it exists as inorganic
iron III (ferric) complexes. Heme iron is found in the heme

proteins, hemoglobin and myoglobin, which are present in

meat’. The absorption of heme iron is generally high and is
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not as affected by the nature of the diet as non-heme iron

(Dallman et al., 1980). - ’

Over the past 16 ‘yqus numerous publications (Canadian
Paediatric Society, 1979, . 1980; American Ac;demy of
Pediatriéiﬁllgso, 1269) haée,reviewed iron requirements and
have ;ecommended several;ﬁays of meeting them. The RNI of
iron for infants & to 12 '_mcén:;'hs;_;nd 12 to 18 months is 7 and
6 mg/day respectively (Health .and,Wélfarg Canada, 1983).
The U.S. Recommeded Dietary Allowance for iron is.15 myg/day
for infants 0.5 to 3 years (National Research C?EPCil'
1980). It is suggested that, iron supplgmentation start no
later than 4 months (orﬁs months in the exclusively breast-
fed infént) in term infagts, ‘and no later than 2 months in
pre-term infants and that it continue at least through the
remafnder of the first year (Canadian Paediatric Society,
T1379; American Academy of Pediatrics, 1976) or to lé‘ménths
(Fomon et al., 1979). Recommended iron sources include iroﬁ
}ortified formilae and infant cereals and meats; If
‘sufficient iron is not provided in the diet, medicinal iron
‘pfeparétion; may be used (Canadian Raediatric Society, 1979,
1980; American Academy of Pedlatrics, 19691. Fomﬁn et al,
'1979; Woodruff, 1978).

This study was undertaken, given that all patients ander
the-Canadian health care system are private patients, that
there has geen a cénsiderable increase in bréastfeéding_over
the past 15 to 20 yeafs aéd;that since 1976 infant cereai,

}

-
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as the single most importantl source of iron in infants'
diets, has been improvgdf' Its goals were to determine the
prevalence of ID and IDA and to iéentify risk factors so
that only those infénts at. risk need be screened.
Additionélly, improved nutrition education and compliance

enhancing techniques could be targeted more specifically to

high risk groups.



Part 2

» METHOD

L

Ethics - ' e,

“r

The research protocol was found ethically. . acceptable by
” ,

 the research and ethics committee of the Children's Hospital
of Eastern Ontario (CHEQ) and review committees of the other

hospitals concerned. Free, informed consent from parents

s

was obtained and all information was held confidential.

4

[}

Sample Population .' - »

Infants born in four Ottawa general hospitals 'with
maternity services were randomiy_ seleoted from case-room

records. Those born and living in the Ottawa-Carleton area

LY

who were between six and eighteen months of age and living

4
°

with their natural mothers were includgd'in‘the study.

Y

Sample Size o

v

Based on an gstimaté of the prevalence of ID at 29%
(Valberg ét al., 1976) with 95% confidence limits at + 5%
.(e.gl 24 - 34%), the sample size required was detérmlned to
be 317 (Kahn, 1983): The number of infants enrolled in the

study was 320. T
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- Home Interviews

Infants' families were contacted by telephorne and . the
nature of the study W§§ explained to ihem. If permission was
granted, the researcher visited the home for the structured
interview and the drawing of the blocd sample. Interviews
were conducted in English dr French.. A publication
containing information on dietary sources of iron and the
role of iron in the body was reviewed with e%ery family and

left with them for reference {Ontario Ministry of Health,

1983).
L,
Questionnaire -
The questionnaire consisted of a health review, a

soclioeconomic profilg_* and a nutritional history (see
Appendix &), and was modelled after the Nutritigon Canada
Survey gquestionnaire (Health and Welfare Canada, 1973).
Participants were divided intc three broad socioeconomisz
categories using the Blishen scale of parental occupation
(Blishen, 1976). When these groupings were compared Wwith

income statistics from the 1981 Canadian Census, it was

found that there was a slight underrepresentation of _ the

lowest socioeconomic group.



Iron intake

Iron intake was estimated from a 24 - hour food recall.
The 24 - hour recall has been determined to be a reliable
method with which to estimate the dietary intakes of
children when parents provide the child's food (Klesges,
Klesges, Brown, Weber, Manderfeld and Swenson, 1985).
Uéensils used by the parent were often examined by the
intgrviewer to verify food quantities. If the recall was not

considered to be representative of the infant's intake, for

. ' 4
examplesh during sickness, it was noted to be atypical.

o ‘
Atypical intakes were not retained for analysis. The number

o

of discarded food diaries _was 19, or 5.9% of the total
sample.
The 24 - hour recall was used to determine the dietary

intake of iron which was then expressedhas a percentage of
the RNI (Health and Welfare Canada, 1983) to reflect
adegquacy, as mg iron per 1,000 kcal (4.184 MJ) to reflect
the iron density of the diet and a% mg iron/kg body weight
to reflect iron intake for size. The computerized NUTS -
Nutritiona} Assegsment System (Quilchena Consulting Ltd.,
Victoria, B.C.) was used to aﬂalyze the 'dietary data.. The
limitations of this pfbgram are the same aé those_inhereng
in manual'.ndtritional assessment. Nutient values used in
fcod composition tables, which form the data bank of the
program,  are extremely variablg" due éo hereditary,

environmental, processing and analytical factors. Iron

el
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values of foods included in the program represent the mean
values'of two or more pooled samples and, as such, can be
considered generally representative of the ihfants' aqtual
intakes. .

The iron content of breast milk was éstimated in the
folldwing manner. The energy content of tpe diet was

calculated from the 24 - hour recall and was,subtracted from

Any

the infant's recommended energy inta?e based on the RNI.
remainder was assumed to ‘be filled ‘by energy fr§m breast
milk. The ifon concentration of breast milk was calculated
assuming that -it_contﬁins less than 1 mg iron/ 1,000 kecal

*(4.184 MJ; Dallman et al., 1980)

Physical Measurement

A metric infant scale (Continentai Scélg Corp, Model 380)
was used for weight determination.  The accuracy of the ’
scale was verified uéing-standardized weights. Infants were
weighed in diapers and light clothing.

Length was measured by 1lying the infant in a 'supihe
position on examining paper on a hard surface and marking
off the head and feet (while flexed). A metal tape meésure

was ugsd to measure the length in centimeters.

™
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Blood Procurement Technique
\

Capillary ‘blood samples were collected using microtainer

colléctor tubes. The CHEO (1983) micrawethod (seeé Appendix
B) was use with ;he exception that‘ an automatic skin
puncture instfrument, or hemalet with sterile needles,
(Canlab, ! ntreal; Que.) was used instead of sterile
lancets. Microtainer tubes with potassium EDTA as
anticoagulant (Benton Dickinaon Vacutainer Systema,
Rutherford, New Jersey) were used for sample collection and
300 ul of blood were co%lected in each of 2 tubes from each

. A

For practical reasons, the quantity of blood available

(4
for testing and hence, the number of tests that c¢ould be

infant.

performed, was limiﬁed by the amount of blood that could be

obtaﬁned by capillary sampling.
" -

Complete Blood Count

Hgb, hematocrit and red.cgll indices (mean corpuscular
voluﬁe and mean corﬁuscular hemoglobin concentration) were
determiped electfonically using either the Orthe El1t-800
Hematalogy Analyzer £Orﬁpo Diagnostic Systems, Westwood,
Mass.) or the Coulter Counter Model M430 (Coulter
Electronics,IHialiah, Fla.).

The Ortho E1t-800 and the Coulter M430 usually agree
within 1 standard deviation of each other. The day te day
coefficient of variation (CV) for Hgb is determined using

-
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commercial controls; Paralaser control (Streck Labs, Inc.,
Omaha, Neb.) for the‘Ortho E1lt-800 and M-cal Calibration
“(Coulter, Houston, Tex.) for the Coulter M430. O©On the Ortho
E1lt-800, the CV for Hgb, based on 27 days of testing was
l.i%. dn the Coulter M430 the CV for Hgb, based on-31 days
of testing was 1.0%.

Samples were analyzed withiﬁ 4 houfs of their
procurement. Blood smears were prepared and examined by
registered hematology techﬁ:logists for - ID and IDA

characteristics such as ifregularly shaped cells,

hypochromia and miérocytosis.

Free Erythrocyte Protoporphyrin
 FEP was determined fludrometficall;\;:;ording to the acid
extraction method of Nelson (Day, 1977). This technique was
‘modified by the use of celite. One hundred ﬁicfoliters of
each anticoagulated whole blood sample was added to 100 ul"
of 5% celite (Qeight/volume) in suspension in saline'(b.g%
NaCl) (Piomelli, 1973). The use of qelite.facilitated the
purification of the porphyrin-containing ethyl
‘acetate/glacial acetic acid soiution by producing a celite-
protein sediment that adhered firmly to the bottom of the
test tube. : ,
In states of iron deficiency and lead poisoning, most

protoporphyrin is in the form of zinc protopophyrin IX. In

the ethyl acetate/glacial acetic acid and the HC1
A
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extractions,. the zinc protoporphyrin is extéactéd from
erythrocytes and dissociates. Upon dissocigtion it }g known
as free protoporphyrin di-cation, or FEP. The fluorescence
of the extracted FEP in HCl is then mea;ured {Chisolm and
Brown, 1975).

The coproporphyrin-I‘ standards (stock # COP-I-S;V Sigma
ChemicalJCo., St. Lou}s, Mo.) were preparea.according to
instrﬁdtions and contained 0.5 ug coproporphyrin Ikmi HC1.
Coproporphyrin ; at cénéeﬁtrations of 0.05, 0.10, 0.25 and
0.50 ud/mi were used as standards, and one blank and two
idgntical whole blood pool sambles were carried throbgh the
proceduré.* Samples were centrifuged in the iEC HN=-S
Centrifugé (Damon/IEQ.Division, Needham Hts, Mass.).

The final extract was measured in the Turner Fluorometer,
Model 111 (G.k. Turner Assoc.; Palo Alto, Ca.). This was -
equiped-with a high sehsitivity sample hqglder (Turner ﬁo.
;10-865), a.primary fi;ter of 405 nm (Turner No. * 110-812)
for excitation and a secéndary filtér of 595 nm {Turner No.
110?820) fof emission.

FEP ug/dl rbcs was calculated by dividing FEP/dl blood by
| Het (l/l)ﬁ All FEP tests were performed within one week of
bleood sample procurement.

Based on 12 assays, the day to day €V FEP of the pool was
6.5% with a mean of 32.1 ug/dl rbcs.
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Serum Ferritin . |

SF was determined by a éommercially available kit (Bio-
Rad'Laboratofies (Canadaj 1td., Mississauga, Ont.). In this
Ewo-site immunoradiometri; assay, the antigen {SF) is
fsandwiched”‘betwegn 125I-labelled antibody to ferritin and
ferritin antibodies immobilized on polyacrylamide beads.ﬁThe
125I-labelled antibody is the tracer and the immobilized
antibodies provide the solid phase.

Samples were centrifuged in the IEC HN-S  and IEC UV
cerftrifuges (Damon/IEC Division, Needham Hts, Mass.}. 125 I
decay was measured in the Beckman Gamma 4000 (Beckmgh
-Instruments, Fullerton Ca.). Samples not being anaiyzed
within a week of procurement were frozen until testing.

An extra control was used in the latter assays (Lyphoéhek
Immunoassay control serum (human) - Level I, product Neo.
¢c-370-5, Bio-Rad) to gsgéss the accuracy and precision of
the imghnoassay procedure._Based on 5 assays, "the day to day
CV of the SF pool was 15.7% with a mean of 22.2 ug/l.
Contributing to the high CV are the small number of samples

and the larger variation of the first sample tested:

Chemicals
All chemicals used were reagent grade (A.C.S.; Fisher

Scientific Ltd. Canada, Ottawa, Ont.) and were not further

purified. ’
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Statistical Analysis

¥

Chi, square, Fisher's exact test, éest for linear trends,
t~tes£ and analysis of variance were used ‘as appropriate.
The distribution of iron intake, exXpressed as mg iron/RNI x
100, mg iroﬁ/l,OOO kcal (4.184 MJ) and .mg ﬁron/kg body
weight, were markedly skewed towafd iower values; therefore,

these data we;e‘analy;ed after logarithmic transformation.
The distribution of FEP and SF values were skewed toward
higher wvalues and 'were also transformed logarithmically.
Duration Qf breastfeeding data was transformed by square
root. Transformétions resulted in more normal distfibutions
and were used for analyses of variance and' Pearson's
corrglations. When relationships between ironvindices were
studied using Peaéson's’ corfelation--coefficient (r),
scatterplots of . the associated pairs éf variables were
examined to verify that liﬁéarity was present.

All data were computer analyzed using-thé Biomedical
Computer Program (BMDP; Dixon, Brown, Engelman, Frane,‘Hillf
Jeﬂnrich and Toporek, 19811‘ and St;tistical Package for the
Social Sciences (spss;' Nie, Hull, %tienbrenner and Bent,
1975) programs. . P values iess than 6.05 are considersd to

be statistically significant”

]

.



Part 3

RESULTS

CHARACTERISTCS OF THE STUDY POPULATION

Parents wg¢re contacted by telephone and 90% agreed- to
have their iﬁ%gnts participate. Parents of 35 infants
declined to participate: There were no sfstematic éttempts
made to determine if ‘there were fignificant differences
betueén those who did and did not accept to be involved.
However, thé_ usual reasons given for declining e.g. the
infant waszafraid of.néedles, had recentiy'had blood taken,
etc. -suggeét that the sample was nét biasea in favour of
better noﬁrished infants or ?etter-edugated parents.

All sécial claﬁses were represented; the lowest groupigg
wagﬂslightly underrepresented presumably because entry into
the study necessitated having a telephone:'

The .infants' ages ranged from 6 to 18 months,
inclusively, with approximately 25 in eaﬁh age group. Ihe

prematurity rate of the study infants (4.7%) was slightly

less than the regional prematurity rate (6.6%).

.
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PREVALENCE OF THE IRON DEFICIENCY STATE WITHOUT ANEMIA

> .

+ The prevalence of ID was defined as serum ferritin <'i0
ug/l (Dallman et al.: 1980) g}th.a Hgb of 110 .g/1 or mpré;
‘10.5% of infants fell into this.cat;gory.‘
- With a sample} size of 320, the 95% confidence interval
for the rate of ID in this population is 10.5 % 3.3% (7.2 -
13.8%). )

PREVALENCE OF ‘TRON DEFICENCY ANEMIA

Mild anemia was defined as Hgb levels between 100 and 110
'g/l; only 2.2% of infants had Hgb levels in this range.
Moqerate tb severe anemia was defined as Hgb levels less
than or equal to 100 g/i; only 1.3% of infants had Hgb
levels in this categorﬁ. Thus, 3.5% of. infants were found
to be anemic. All infants determined to be‘anemic had other
evidence of iren deficiency (hematocrit < 0.33 1/1, mean
corpusdular volumé < 70 £1 (Dallman and'Si;mes, 1879), S5F <«
10 ug/l , ‘FEP > 100 ﬁg/dl rbcs and/or é blood smear
compatible with IDA}. o

With a éample size of 320, the 95% confidence interval
for the rate of IDA in this population is 3.5 & 2% (1.5 -
5.5%). o I. . 7
) 3 ' . T ' oA
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- FREE ERYTHROCYTE PROTOPORPHYRIN IN SCREENING FOR .

IRON DEFICIENCY

3

-As a screening tool it 1is necessary to select an
appropriate FEP cutoff value so that infants with ID or IDA

. - .
are detected (high sensitivity) whereas most infants who are

f;ee of these ' states are excdudéd (high specificity).
Varioﬁs FEP values f¥om 40 ug/dl r%cs {(50th percentile) ‘to
100 ug/dl rbcs (98th percentile) were compared to determine
thes besf cuteff pdint (see Table 1).‘ " The 98th percqhtile
value of 100 ug/dl rbcs corggsponds to the Uppermost limit
of FEP values among healthy 1 to 2 year o}ds who are free of
ID, IDA and lead poisoning (Yip et al., 1984). .

Of the infants wiéh a low level of SF, only 5.9% were
detected at the FEP cutoff point of 100 ug/ml rbc. At ta;s
poeint, the specificity (percent of infants with normal
cofrectly identified as such) is very high at 98.2%.

At the lowermost cutoff point (40 ug/dl rbc;) 76.5% of
infants with a low SF a detected. This however, is at Ehe
expense of a- ;;rge decrease in specificy and only 52.5% of
infants with normal SF levels are accurately identified by

FEP. There is no cutoff. point between these two values that

can be effective for the screening of low SF valles in

- 26 -
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Table 1: Free Erythrocyte Protoporphyrin at Different

Yi Cutoff levels in the Detection of Infants with Low Levels of
Serum Ferritin (<10 ug/l)

FEP (ug/dlrbcs) | * 9% of subjects with| ** % of subjects with
screening cutoff | low SF correctly | normal SF correctly
peint | identified as low identified as normal
(percentile rank)| by FEP (SENSITIVITY)|-by FEP (SPECIFICITY)
I
I
I

—— e e Y G e e ke v | mm ek o e S e e v e e e | - S M A Em N Em S W e A e wm

|

|
40.2 (50.0%) 76.5 :~ 52.5
49.9 (75.0%) | * a7 } 77.5
63.5 (90.0%) : 17.6 : 90.7
73.8 (95.0%) : 1l.s | " .95.7
86.2 (97.5%) } 5.9 } _ 97.9
100.0 (98.0%) : 5.9 E .98.2_

* screen-positive subjects (SF< 10 ug/l and FEP> cutoff limit)
divided by the total number of subjects with SF< 10 ug/l.
**screen-negative subjects (SF»= 10 ug/l and FEP< cutoff
limit) divided by the total number of subjects _with SF
> 10 ug/l.. .

infants. ‘In this study, the ability o¢f FEP to screen for
low SF with a satisfactory degree of sensitivity - and
‘s specificity is poor at any cutoff level.
' 1 T
Table 2 compares different FEP. values in the detection of

infants with a loﬁ-Hgb. concentration {sensitivity} and the

identification of those who ére properly categorized as

screen-ﬂegative {specificity). At the cutecff point of 40

ug/dl rbcs, sensitivity is fairly high at 81.8) but the
]

specificity is low at 50.8%. A high specificity level of

97.0% can be attained at 73.8 ug/ml rbc (95th percentile)
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and this 1is accompanied aby a low co moderate rate of
sensitivity (63.6%). ~The ability of FEP to be used as a
'screening test for low Hgb'(IDA) is fair at the 73.8 ug/dl

rbecs level.

Table 2: Free Erythrocyte Protoporphyrin at Different

Cutoff Levels in the Detection of Infants with Low Levels of
Hemoglobin (< 110g/1). o

* % of subjects with| ** ¢ of subjects with
low Hgb correctly | normal Hgb correctly
identified as low identified as normal
by FEP (SENSITIVITY)| by FEP (SPECIFICITY)

FEP (ug/dlrbcs)
screening cutoff
peoint

(percentile rank)

et e e e e B T T S ——

|
|
f i
| e
[ i
40.2 (50.0%) I 81.8 , | 50.8
' i I : - | 2
49.9 (75.0%) | 72.7 1 76.7
I ' | -
63.5 (90.0%) | 63.6 [ 91.8
| !
73.8 (95.0%) I 63.6 ” | 97.0
| - | 1
86.2 (97.5%) | 54.5 | " 99.3
; | | /
100.0 (98.0%) | 45.5 | 99.3

* screen-positive subjects (Hgb<l0 ug/l and FEP> cutoff limit)
divided by the total number of subjects with Hgb< 10 ug/l.
**screen-negative subjects, (Hgb>= 10 ug/l and FEP< cutoff
limit) divided by the total number of subjects with Hgb
> 110 g/1. ' .

5

- e -
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3).

RELATIONSHIPS WITHIN AND BETWEEN IRON INDICES

A description of

The

concentrations.

|
I
|
I
|
I
|

i
I
I
I
I
I
|
I
|
|
I
I

(n)

mild IDA(7)

mod.-severe
IDA (4)

total
sample(315)

and in the total sample,

iron status groups’ are

Relationship Between iron
Indices

Hgb
(g/1)

iron indices

-

within

L]

FEFP
{ug/dl rbcs)

the iron

defined by Hgb

Status and

Iron

- v v we e ey v e e A v mm am A m mm am am A oam am

125 + 0.4
(110-144)

122 £ 1.5
107 %
(102-109)

87 £ 8.9
(61-100)

------- P e e e e e m = v e v v e e -

124 4 0.5
$61-148)

(110-148)

1.1°

41.1 £ 0.82
(12.3-104.7)

50.8 + 3.58

{11.8-133.4)

71.5 + 15.30

(33.7-131.0)

157.4 £ 48.83

{96.9-261.1)

44.3 + 1.22
(11.8-261.1)

B Y

28.4 £ 1.2
{10.5-188.0)

0.3
(2.5-9.9)

35.6 ¢ 17.2
(10.5-137.0)

10.2 +* 3.8
(2.0-20.5)

26.0 + 1.13
(2.0-188.0)

The results are expressed as.means * 1 standard error

qf the m%an

(SEM)..

Bracketed values, denote

- 29 -

ranges.
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status
is found below (see Table

and/or SF

__________________________________________________________ +

e
I
F}V/ﬂrable 3:
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The greater the .5evefity of iron deficiency the more
abnormal the measurements of FEP become (Table 3). In milder
cases,' FEP shows .-a broader distribution-extending from
normal tc abneormal values. Only.one.of.the 271 infants with
normal iron status (0.4%) and 4 of the 33 infants with ID
{3%) had FEP 1levels above ldO ug/dl Fbcs. This is in
contrast to 3 of 7 -mildly IDA (43%) and 3 of 4 (75%)
moderate€ to severely IDA infants having FEP levels greater
than 100 ug/dl rbcs. ,

FEP is 1nversely related to the Hgb level for the entire
sample (r= -0.36, p< 0.0001). As the severity of iron
deficiegcy increases, the relatioﬁsh;é between FEP and Hgb
pecomes more cloéely correlated and r is significaht‘in ﬁhe
groups with ID or IDA (see Table 4).

The posifive correlatien between Hgb and SF levels for
the entire sample. is weak (r=" 0.11, p= 0.02). The
relationsﬁip between SF and Hgb also becomes more closely
correlated with increasing severity of iron deficiency,
however none of the correlatiqns a;e significant( Tablel4).

The inverse correlation (r) between SF énd FEP is -0.22
(p= 0.0004) for the entire sample. SF and FEP demonstrate a
modefately strong and significant correlation (r= f0'64' p=
0.02) at the point of IDA (Hgb< 110 g/l) but there is little
correlation between ‘valﬁeé among 1infants with .normal iron’

status and ID {( Table-4).

.
.
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Table 4: Association Between Iron Status and Iron |
Indices Relationships . |
: = |

E IO
= |
: I
Iron Stdtus | Correlations I
. : | Hgb x FEP Hgb x SF FEP x SF |
- T = D TR SR MR A e T A N Em em Em M A e A R AR R A e e e A - I
Normal | r= =0.09 r= 0.08 r= -0.07 |
| = 0.07 = 0.11 p= 0.12 |
] {n=270) (n=271) (n=270) |
I I
ID | = =-0.37 r= (.28 r= -0.16 |
| = 0.01 p= 0.06 = 0.19 |
] (n=35) {n=33) . {n=33) |
! I
IDA I r= -0.69 r= 0.31 r= -C.64 |
| p< ©0.01 p= 0.18 = 0.02 |
| {n=11) {n=11) (n=11) |
I I
I
' I
oo J
Pearson correlations were performed after FEP and SF i
values were transformed logarithmically to produce more |
normal distributions. ]
I



NUTRITIONAL FACTORS AND IRON STATUS

Breast-Feeding

There was a significantly'highér degree of moderate to
severe IDA among infants not breast-fed (4.0%) ‘than among
infants breastfed (0.4%) when they were compared to infants

of normal iron status ( Table 5)-

Table 5: Association Between Breast-Feeding and Iron
- "~ Status :

Iron Status - . MNo Breast- Breast-

{n) Feeding, (%) - Feeding (%)
| =-e=em—meemeee e e Atttk
normal (271) 8l1.2 a 87.5 b

iron deficient (33) . 13.3 9,6
mild IDA (7) | 1.3 - 2.5
moderate ~ severe IDA (4) 4.0 a ‘ 0.4 b

\

Values in a:horizontal line followed by different
letters are significantly different fMrom each other.
Fisher's exact test, p= 0.04. '

»

There was a tendency for the degree of breast-feeding to

influence iron status. When ID and IDA were pooled, it was

- 32 -
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found that they varied inversely with increasing degrees of

exclusivity of breast-feeding ( Table 6).

e e e, e, et E e e E R C N e N ————————————— - +
| , ' |
| Table 6: Association between Degree of Breast-Feeding |
| and Irén Status |
I : |
| I
I I
| Iron Status No ~ Breast- Exclusivye|
| Breast- . feeding Breagy- |
| : : Feeding M & Formula . Teeding |
} (n) « (%) (%) (%)} I
U e I
| |
| normal (271) 81.3 . . 82.9 88.3 |
I ' : . I
| ID/IDA (44) 18.7 17.1 _ 11.7 |
| i I
I I
! , L
| Chi-square = 2.5 with 2 degrees of freedom (df) ’ :
| p = 0.28. iy |
I z |
T e e e e e e e e e e e A e v A A e A R e ey mR e S e A e +

" Duration of breast-feeding -and its effect on iron status
was studied. The prevalencé of ID and/or IDA tended to

increase with decreasing duration of breast-feeding (see
Table 7).

Tﬁe mean breast-feeding duration % §EM for infants of
normal iron‘ stitus was 4.6 % 0155 while that for infants
with ID and/or &DA was 3.7 1+ 0.59. After logArithmic

transformation, a t-test was performed and- nc significant

differences were fohhd'(t'= 1.46, 313 df, p= 0.14).



Table 7: .Asscciation Between Duration of Breast-
Feeding and Iron Status

Iron Status .Duration of Breast-Feeding.
(n) 0 < 6 months >6 months
| =mmmmmmmeaeee. o
normal (271) 81.3 B5.6 8B9.3
ID/IDA (44) 18.7 14.4 10.7

Chi-square = 2.5 with 2 df, p =
Test for linear trends, p = 0.11.

Overall, ' 76% of mothers breast-fed their infants upon
leaving - the hospital. This compares favorably with ‘the

national rate‘of 69.4% (Myers, 1982).

Introduction of Solids

Delayed-intrbduct}on of solids did not contribute to an
increase in ID and/or IDA. Conversely, earlier introduétion
of solids was associated withlf an increased risk and infants
receiving solids prior to 2 months of age experieéced almost
twicé the rate cof ID and/or- IDA.than those receiving solids

after this time ( Table 8). .



+-----------—--——----------—------------5 ------------------- +
| ' . |
| Table 8: Relationship Between Age Introduction of, |
| : ‘ I
| .Solids and the Prevalence of ID/IDA |
I ' E I
| I
! : ~ |
| Age of Introduction ID/IDA |
| of Solids (months) ; (%) T "o
b e e e e el !
| . |
I 0 < 2 (n=286). 23.1 |
I _ |
| 2 < & (nx79) 13.9 |
I I
| . 4 < 6 (n=121) i 12.4 |
I - I
| 6 + (n=89) 13.5 [
| I
b ——— = - = ———— +

‘Iron Intake '

Only 3.8% of infants were receiving iron supplements at
the time of the interview. Iron 1intake was expréssed in a
variety of ways as described in the Method section. Results

of iron intake for the sample population are found below

(see Table 9). _

_'Ehen the -éffect'of iron inlake on iron stétus {normal,
IDfuImgfh‘ IDA, moderate to severe IDA) was analyzed by
analysis of variance, no significant relationships were

i

found.

Infants were grouped according to their consuﬁption'of
iron as a.percentage of the RNI, and the percéntage of
infanés within each group with ID and/or IQA was determined

( Table 10). Although there were no statistically
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.Table 9: Iron Intake of the Sample Population®

body weight

Iron Intake’ " Mean X SEM Median Range
b ot o o e e e 8 L A e = = o = - - - I
mg/24 hours 9.5 + 0.28 8.7 2.1 - 30.3 |
; | I
% RNI 148.3 + 4.20 135.0 31.4 - 432.9 |
. ' I
mg/1,000 kcal- 9.7 + 0.32 7.8 2.4 - 35.3 |
(4.184 MJ) |
' . |
ma/kg 1.0 + 0.03 0.8 - 0.2 - 3.2 |
|
|

significant differences between the expected and the

observed distributions in the chi-square analysis, a

significhnt linear trend was observed.

Table 10: Relationship Between Iron Intake and Iron

|
l
i Status
!
|
| % RNI FOR IRON (n) ID/IDA (%)
[ __________________________________________________
< 75 (37) . 21.6
75 - 125 (90) 17.8
>= 125 (169) : 10.7

.

Chi-square = 4.4 with 2 df, p = 0.11;
Test for linear trends, p = 0

*

!
1

|

|

|

R

| o
|

!

l

!
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The median value (50th percentile) for iron density of
the diet was 7 75 mg iron/1, 000 ,kcal f4.184 MJ). Among-
infants receiving'less than the median value, the percentage

-of .infants with ID and/er:- IDA was 17.8. Among thogi

. receiving at least the median value the percentage of ID

_ahd/or IDA was 10.7 (Chi-square = 3.1 with 1 df, p = 0.08).
It has peen suggested that term infants consume 1 mg

iron/kg body weight per day to a maximum of 15 mg, starting

" at 4 months of age (National Research Council, 1980;
American Academy of Pediatrics, 1976; Canadian Paediatric
- Society, 1972). Among infants receiving less than 1 mg

iron/kg body weight the rate of ID and/or IDA was 15.8Y%
while among those receiving ‘at least 1 mé“iron/kg body
weight the rate of ID and/or IDA was 11.6%'(Chi-sguare = 0.9

with 1"df, p = 0.32}.

Iﬁfant Cereals

1

One of the most important factors to influence the iron
content of the infant's diet ig iron-fortified infant
cereal. Only 7 infants in the sample (2.27%) never consumed

-
+ .

infant gereals. Iron intake was significantly higher amoﬁg
infants who were still receiving infant cereals than among
those who had distontinued infant cereals. This observation
held true when iron intake was expressed as mg iron per 24
hours, per 1,000 kcal (4.184 MJ), per kg body wei§h£ cr as a

peréentage of RNI., Using t-tests, significance was found at

< 0.0001 level (see Table 11). ‘



Table 11: Relationship Between Cereal Consumption and
Iron Intake

Measures of ) -~ " No Cereals - Cereals

Iron Intake (n= 157) (n= 158)

mg Fe/24 hours 7.7 £ 0.29a - 11.5 £ 0.44b

% RNI for Fe . 125.3 +£°4.70a 171.8 + 6.60b

mg Fe/1,000 keal +~ 6.8 £ 0.25a - 12.4 £ 0.49b

(4.184 MJ) - A
"mg Fe/kg : . 0.8 £ 0.03a 1.2 & 0.05b,

A} \-O

body weight

The results are expressed as means * SEM of raw values.
After these values were logarithmically transformed to
produce a more normal distribution, t-tests were
performed. Values in horizontal lines followed by
different letters are significantly different from each
other (p< 0.0001). A separate t-test was performed*fcr

each measure of iron intake.

— e e e e e e e — ———— — e e — — —— s e — e . ——

The prevalente of IDA in infﬁ%ts who had  been on infant
cereals a minimum of 3 months  w§s'decreased by at least 47%
when compared with infants who - had consumed infaﬁt cereal
for less than 3 monthsf N;né of the 12 infants who rec;ived
ceréals for longer than 12 months had IDA (see Table 12).
These differences were not accounted for by age ~as there
were no significant differences between the Imean ages ‘of

infants in the normal, ID and IDA' groups when they were

v
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analyzed by analysis of variance. No trends were evident

when ID and duration of cereal consumption were studied:

- Table'12: Association Between Duration of Infant

Cereal Consumption and Iron Deficiency Anemia

|

{

I

|

|

» |

Months , - o DA |
Duration (n) ‘ ]

| mmmmmmmmemmmmmmsmmosesseoe oo e |
' I

! 0 < 3 (B8) 5.7 I
f ) |
] 3 <6 (100) 3.0 |
| - ' |
| 6 < 9 (78) 2.6 |
I . ]
| 9 < 12 (37) 2.7 |
I - . |
E 12 + (12) 0 [
[ , |
Fommmm e —————————— b ke +

Identification of Iron-Containing Foods

Parents' knowledge of dietary sources of iron was

examined. . - Thirty-three‘ percent of parents c¢ould not
idéntify é_ single source of iron, . of tpe 4 "infants with
| moderate to .severe IDA, 3 had parents who could. not
identify a single iron source. The rate of ID and/of IDA

among infants whose parenﬁs ‘could not identify an iron
source was 17.1%, while the rate among infants whose parents
Al

identified at least one irog source was 12.4% (Chi-square =

1.3, 1 df, p = 0.25).
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Parents' Perception of Physiéians' Counse;ling on Infant

Nutritioh

Parents were asked how, often their infante' primary care
phyéicians discussed nutfition during weli-baby visits.
Forty-nine percent gespondedv"aiways" , 45% "sometimes" and

5% "never". There was a clear inverse relationship between

the perceived freguency of nutritional.counselling and’the

»

rate of ID and/or IDA. The prevalence of ID and/or IDA
. e -

among infants whose parents perceived the phyéician always

to discuss nutrition'was almost 3 fimes lower than among

those whose parents stated tﬁ“ﬁ\b/?//fﬂéhy51o1an never

discussed nutrition { Table 13}.

Table 13: Relationship Between Nutritional

Counselling by Physicians and Iron Status

R . s S -
Nutritign Discussed (n) ID and/6r IDA
I T (%)
sometimes (144) ; 15.3 Y
never {16) _ 31.3b

(.

Values in a column followed by different letters are
significantly different from each gther (Fisher's

I

I

I

|

|

I

I

I

!

|

always (155) 11.0a . |
' I
|

I

I

|

!

I

|

exact test, p = 0.04). |
I
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MEDICAL FACTORS AND IRON STATUS

/f

Prematurity

The relationship between prematurity fof date and/or
weight .and iron statuﬂ'Waélééudiéd.J_ Since 1t is thé ﬁolicy
ofu.phyéicians inJ/E;; Ottawa-Carlt?n. area to prescribe
§upplemenfal iron for premature or low birth weight in{gnts,
only 1 infaﬁt of 7 less tﬁan'36 weeks and weighing less .than

-

2,500g at birth, had a Hgb < 110 g/L.

Percentile Weight for Length-

The rate of ID and/or IDA. among infénts below the 10th
and above tHe 90th pecentile welght for- 1e5qtﬁ . was
approximately twice that ambng infants .bétween the 10th and
90th pecentiles ({ Taﬁie 14). . |

Various factors K were examined to explore why a higher
.ot . > e
rate of ID and/or IDA was observed among infants in—the high

and -low percentile groups. Nutritional factérs included
energy and iron intakes expressed as percentages of RNI to
reflect adequacy and ‘iron intake per kg - body weight to

v
nglect iron need fo( size. Non-nutritional factors
o . N i

r/

\ included whether the infant was sick at the time .of the
N N .
Qv>interview and the number of times the infant was seen by a

’ physician in the previous 3 months for other tham well-baby.

R
—_—
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Table 14: Relationship -between Percentile Weight for —

'Length and ID/IDA

Percentile Meight ID/IDA

I

I

I

I

|

for Length (n) . < (%) 1

. I

| opmmmmmmommmmossosssssosossossmossssssoeoeees | |
| <10 (31) ’ 22.6 |
I ' ' ' . I
T 10 - 90 (z2868) o 12.3 |
| ' . !
| >= 90 (16) 25.0 !
I .
o e e e e e i —————— —— m - +
visits. . All of these factors may affect iron status.

Results are summarized below ( see Table 15).

A lower percentage of iﬁfants &n the <10th percentile
category consumed less than the RNI for energy and iron and
less than 1 mg iron/kg body weighE. However, more infants
in this category were siék and a highér percentage had seen
a physician in the previousg 3 nihs ﬁor other than a Qell-;
baby visit.

The profile is reversed for infants' in thé > 90th
percentile group. By chi-square analysis, distributions in
the 3 percentile categories we;e'significaﬁtly different in
the energy as @ percentage of RNI and mg iron per kg bodf

weight categories with higher percentages of infants in the

»

- >90 percentile group receiving less than 100% of .the -RNI for'

energy and less than 1 mg ircn per kg body weight.

-

~\



Table 15: Association Between Various Factors and

Percentile WEight for Length

>

Percentiles

~ Factors ] I I | chi-square
.,k _ | <10 | 10 - 90 | >= 20 | analysis
‘ I %) (%) | (%) | _
. I I ! |
: | | | | chi-sguare
< 100 % RNI | 32 | 42 71 | =6.1; 2 df
for eneray i | | | . p=0.05
N ' | I I I
< 100% RNI | 25 | 31 | 36 | *
for iron i " | | .
- I | | [
= I |- | I
1l mg iron/Xg | 456 | 62 | 93 | chi-square
body weight | o : | | =8.5; 2 df
| I | | p=0.01
L | I I
I 3 I I
sick | 67 | 58 | 43 | *
| | I |
> 1 visit to 55 44. 25 *

|
I
MD in previous |
3 months |

|

e e e e e e L R b B W b D P M e A D N A de e

* Chi-square analysis could not be done as there were
too few observations per cell. '

’

’



SOCIOECONOMIC FACTORS AND IRON STATUS

Differences . in - nutritional and hematologic
characteristics of the social groups gbpear to be most
.-striking between the high ana'low, and the middle and low
groups. Eor..ﬁhe purpose of identifying statistically
E}gnifi&ant differenéés moré easily, ~ the high zand middle
groups were pooled and their feéults were compared with
those of ~ the low social group. ' Table 16 $ummariées the
results. The prevalence Qf moderate—éevere IDA, <total ;DA
and pooled 1D and iDA are 2 to 5 times higher among those-
infants in the low social group than those aﬁong those in-
the middle-high group. |

Nutritional facths varied‘ between social dgroups as
follows. The propeortion of infants breast-feéding was 30%
Jower in the léw social group'than in'ﬁhe hiddle to high
group and these differences were significant (p <;-010001)'
Of the infants who had‘discontinued infant cereals, a ﬁigﬁ%?
proportion cf those in: the low social grodp ‘discontinued
after lessr than 3 months duration of cegeal feeding and a'
lower proportioh continued cereals for longer than 6 months

duration (p=0.15). Iron intake expressed as total iron/24
[-]

hours and percent iron per RNI was lower (p=0.05) among
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infants in 'the low social class and when expressed, as mg
iron/1,000 kcal (4.184 MJ) and mg iron/kg body weight, iron
intake was sign;ficantly lower-(p < 0.05) for ?nfants in
this.group.

When parents' knowledge of iron sources was evaluated, it

was found that a significantly-higher (P=0.03) percentage of -

pareﬁts in the low social group could not identify a single

<

iro& source. : - A
Socioeconomic status was significantly related to the
- L]

educatfonal level of both the mother (Chi-square = 73.8, 4

df, p<0.0001) and the father (Chi-square = 96.2, 4 df,

p<0.Q001) .
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Table 1lb6: _Hematofégic and Nutritional Correlates of Social

Groups |
Correlafes Social Grouping Statistical
_Low Middle-Hig Analysis
Hematologic .
Moderate- . Fisher's exact
severe IDA 4.1 c.8 test (1 tail)
(%) - p=0.10
IDA Fisher's exact
(%) 8.2 2.6 test (1 tail)
: p=0.07
ID/IDA - Chi-sguare
(%) 22.4 12.4 =2.7, 1 4f
: p=0.10
Nutritional ,
Breastfeeding * Chi-square
(%) 51.0 Bl.0 =21.4, 1 4f
‘ p<0.0001
Duration of ’
infant cereals Chi~square
< 3 mo (%) 32.4 20.1 =2.0, 1 df
> 6 mo (%) - 29.4 42.0 p= 0.15
Inability to ,'/3 Chi-square
identify an Fe 47.1 ©31.2 . =4.6, 1 df
=rich foed (%) . p=0.03
*Total Fe/ 8.6 £ 0.78 9.2 £ 0.31 t= 1.93
24 hrs ‘ 298 df
(x + SEM) p= 0.05
* % RNI 132.6 £ 11.30 152.8 + 4.70 t= 1.95
{x + SEM) 298 df
= 0.05
* mg Fe/ 8.1 + 0.75" '10.0 + 0.36 = 2.38.
1,000kcal ' ' 298 df
(x + SEM) p= 0.02
-* mg Fe/kg 0.9 £ 0.08 . 1.0 £ 0.04 = 2.10
‘body weight : 298 df
(x + SEM) _ p= 0.04

* The results are expressed as means :+ SEM of raw values.
After these values were logarithmically transformed to

produce a more normal distribution, a t-test was performed
on each measure of iron intake. ’ : '
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Part 4

- ' DISCUSSION

STATISTICS
The power of an experiment is the probability that a

1

given experiment will detect an effect of a given size, if
that effeek }s present }Berwick, 1980; Maisels, 1977).
The sample size for this study was chosen 'primarily to
provide a sufficient n in order that 959 confidence 'limits -
nbe no larger. than + 5%. However, this did not provide an
adequate sample size tq furnish the statistical power to
determine the effe;ts of certain risk factors.

- Because of the low equency of ID.(lé.S%) and IDA (3.5%)
and the reérouping of L these wvariables by independent
variables, larger sample sizes are necessary if the study is
to have the statistical power to detect relatively small
differences between these groupings, . The hazard of this
situation is ﬁissing an effect that is realily presgnt, which

would be committing a type II or beta error. -

1 ' .
Although many of the crosstabulations in this study have
indicated trends in relationships , in some cases they may,

lack statistical " significance in their association due to

the low frequency of ID and IDA and the relatively-small

)
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sample size.JVMany of the ‘trends that have emerged from this
. .
study are impértant in that they. ?ppear to have clinical
significanqe- and they pecint to directions for further
research. Future stﬁdies may wish to elaborate, in ‘a
statistically rigorous-ﬁannerh,on the &eéree of influence of
these trends as‘rigk:factoré. ‘ ' : .
Follow-up stgigéficgll analysis for this study should
inleAe a discriminant analyéié. This analysis can determine
khether or not and to Qhat exteﬁt independent variables sucﬁ
as nutritiocnal, medical ana socioecoﬂomic _faétors can
predi&t iron deficiency in the sample studied. If .certain
variables are found to be prédictive, theﬁ they can be ﬁsed
to preditt iron Qeficiency in othér samples,” e.g.patients,
as well. The discriminant analysis weighs and linearly
-combines the discrim;nating variables so ' that the _irén
deficient and nbrmal igon status groups are as statisticaily
distinct as possible. The variables which contribuﬁe the
most to discrimination are identifi;d with weighted
coefficients. ~ This, method can select the variables that
improve discriminating ébility and only the variables that

- -contribute to discrimination are retained (Nie et al.,

+1975).
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IRON INDICES

~ . | f

#fhis study examined the subset of infants with abnormal

- SF (< 10 ug/l) and Hgb (< 110 g/l) levels to determine the

brevalence of ID and IDA and risk factors associated Qith
1

these states. The value of these iron indices can be

determined by their measurement against standards'. SF can be .

measured against _the standard cof bone marrow iron, whose
magnitude it reflects. ‘As such,_ SF is the most sensitive
indicator of early iron deficiency. The thérapeutic response
to iron is fhe standard for IDA, as it is the most sensitive
indicator of advanced iron deficiency (Cook, 1882).

It is recognized from the poor'correlations between SF,
and FEP and Hgb that factors other than 1low iron stores
affect the development of iron deficiency anemia and that
some of thes;‘factofs reduce .the 'sénsitivity.of SF 1n the
" detection of IQ; While‘the accuracy of using SF to predict
iron.stores has not been studied in infants, 1t has been
found tec reflect iron stores in adults fLiﬁschitz et al.,
1974). 'Furthérmofe, SF changes in iqiénts and children tend
to' parallel known changes in -iron stores in normal
" development (Deinard: Schwartz and Yip, 1983}) a% weli‘as
iron deficienéy (Siimes, Addiegb and Dallman, 1974; Smith,

3

~
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Roselleo, Say and Yeya, 1955). The exceptions to this are

during certain ‘conditions such as infecpioh and inflammation
when SF levels are increased. -

Low SF values are almost ihvafiaply diagnostic for ID and
no condition has been found to give "félse" low values_when.
SF levels® of infants and chiiaren in states of health and
disease h%ve been -studied (Siimes et al., 1974). ‘It has
been noted that.SF levels < 10 ug/l are entirely speCific‘
for ID (Labbe aq@ Finch, 1980). Considering these fa&tors,
infants with SF levels in thé\abnormgl range are ’é valid
group to study. While not all infants with ID may have been
recognized as éuch by SF testing, all of those who have been
characterized as ﬁavingllb by SF ﬁesting, Eikely ‘do have
depleted iron stores'(Siimeé et al., 1974;-Lipschitz'et al.,
1974). Not all of these infants would be expected to respond

to a therapeutic trial of iron for some of the reasons which

..will be described below.

For this population of 6 to 18 month old infants IDA was

diagnosed by Hgb < 110g/1 (Dallman and Siimes, 1979).  IDA

was confirmed in each infant by at least one other .indicator

.. .

(SF, FEP, mean corpuscular wvolume, hematocrit or blood

"smear) being pcharacteristic cf 1ron. deficiency. The Iﬂﬁ
v . P LY

group is thereby also a valid group to study.
SF, FEP and Hgb determinations are valuable tools in

identifyirg iron status on a population basis. It‘is their

‘ability to determine iron status on an individual level that
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is limited and this is demonstrated by the geneyéily low
léyel of correlation between the iron ihdices}(gspeciqlly
amdng.non-anemic infants) 'énd the,liimited ability of each
index to.predict the wvalues of éhe remaining indices for ID
'and IDA. |
Similar results have been fpund in other studies desiéned
to test iaboratory predictors of iron deficiency in infants.
!Very recent evidence (Jimiﬁéz, Lozofk and Jimihez, 1885)
supports the finding that SF-as’ well as FEP are not
particularly sensitivé or specific indiéafors of ID in

infants. Response to iron occurred in over . half the hon-

anemic 1infants whether their .SF and/or FEP levels were‘

abnormal or not. These results sugéest that Hgb production

may be limited by a lack of iron even when SF orn FEP are’

within the normal range. Among those infants' with SF< 12
u;/l and/or FEP> 100 ug/dl rbéé (Jiminez et al., 1985) and
‘among those with SF< 10ug/1l (Dallm%n:et alky;-lgal) between
31 to approximately 40% did not achieve a Hgb .response.
Thesé studies illusﬁrate the ‘unpredictable felétionships
between iron indices in-infants and how the devélopmeht'of
Iﬁh does not néceséarily‘follow the‘ three stage model
'aecribed : preéiougly. Possible .reasons_ for these
-obgervaﬁions are described below.
Iﬁ this study, - the‘overall correlation éoefficient of SF
- and FEP was low (r= -0.22, p=0.0004). A& study b& Yip,

Schwartz and Dienard;(1983) found a stronger correlation {(r=

&
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:6538, ' p<0.001) among 4,160 children but it is not “readily
compérablp to the correlation in this study as they excluded
subjects with acdte_illngss at the time of testing.. This is
an impqrtant-'céns ration as there is evidence that even
miid pntecedeqt infecéion can significanfiy.increése SF and

4

FEP levels (Reeves et ai.,' 1984)1 Twenty-six peréent of
’

infants in this study experienced a cold or infection within

~

a month of testing.
The réliability of SF in predicting ID and IDA is aﬁ area .
.of unhertainty. There is evidence that while soﬁe subjects
g}th high FEP or low Hgb }eyels have low SF wvalues, allarge-
percentage do nﬁt "{Yip éﬁ al, 1983; .Saarinen.and Siimes,
"1978). In this study SF levels withwn_normal ' limits were

found in 71Y% of infants wifh abnormal F levels and and 91%

" of infants with abnormal Hgb levels. This suggests that
either conventional SF cutoff limits ( 10-15'ug/l; Dallman
et al., 1980; Yip et al., 1983) are too low, or far more

likely, that there afélfattors other than intactness of iron
stores that affect’heme synthesis.

This study has ‘demonstrated that-FEP has limited use)as
the sole criterion 6f irg; deficiency in infants betweeﬁ 6
rand 18 months of age. At any cutoff level tested, FEP was. a
poor predictor of low SF 'wheﬁ sensitivity and specificity
were taken into account. At the 73.8. ug/dl rbcs’ cgi?ff
point, FEP displayed excellent specificity (97.0%) anéifair

to moderately good sensitivity (63.0%). , This ,iimited

1
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sensitivify would make EﬁP an ineffectﬁve tool for the
diagnogis of IDA in individuai infants. It may have some
vglﬁe in the screéniné " of populationg for,epidemiological
<purposes or as one of a number of confirmat&ry tests for ID

and/or IDA.

i

L4
There are several possible explanations of why the

correlations between iron indices and the reliabi}jity of the

measurements used to predict iron -deficiency are not
greater, Not: all individuals with abnormal W lues are
expected to have ID or IDA. The normal -ranges used €for

laboratory tests have‘bé% confidence limits (Henry and Rée&l
1974); apprqximately 1 in 20 normal individual; wili have a
value outside the normal range. As %esqribed earlier,
abnoémal values are not always specific to iron deficiency.
Infection, inflammation, ‘liver disease, thaiasseﬁia minor
are some of the factors that c;n affect SF, FEP and/or Hgb'
levgls. As well, there may be errors due to bioclogic .
variability in the~ihdividual (Dallman et al., lé&p).
.Abnormal SF may be a'poor pred;ctof\of“IOW FEP and both
SF and,fEP may be poor Qreaictogslgg, IDA (Hgb% 110q/1)
because of the cﬁronological sequence in which they change.
éF, which reflects thé size of iron stores, ~ should
theor?tically drop. before FEP ‘becomes ‘abnormal. FEE
increases only after several " weeks of erythroid iron-

depletion and because of this it is not possible to identify

subjects with iron deficient'erythropoiesis at the onset
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(Cook, 1980). FEP cancentrations should, in turn, rise to a
%_
certain point before heme, productien is affecteda It 1is

possible that a proportioh of infants'with abnormal SF or

FEP levels have not vyet reached . a stage where heme
. ) :

production is significantly affected (Dallman et al., 1981).

The possibility exists that' the cutoff values selected

were hot ideal for separating ID and IDA _nfants from normal

"
e

.iron status infants. However, 'the use of normative data

(Yip et al., 1983% Dallman and Siimes, 197?; Saalingn and
Siimeg, 1978) should have 'helped. improve the}r
reliability.

‘Among'middlé to upper class Erench—Canadian 13 month'old
infants @Brault-Dubuc et al.,.1983) the level of Iwaas far
higher (29.2%) than that found among thé infants in t?is

study (10.5 & 3. iT} This,find;ng' is surprising as iron

deficiency is nversely related to socioeconomic status
; s

(Egbuonu and Starfifld, 1982). Brault-Dubuc et al. concede

that this’ is aﬁ{i;::r high figure as only-11.5% of these

. infants were consuming less than 100% of the RNI for iron.

4

Perhaps the higher rate of ID is related to the lower rate

of breast-feéding among French-Canadians as compared to

'English-dgE;;:;;s {Yeung et \al.,- 1981la) although By 18-
4 ' .

months of age, the imporfance«of breast-milk as a source of

iron would be expected to diminish as the intake of iron
‘ S ‘

from other rich sources increases. The level of IDA among

infants in the present\gtudy (3.5 z 2%) was comparable to

-

"
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that of the French-Canadian infants between 6 to 18 months
“of age in the study. by Brault-Dubuc et al. (1 to 7%).

The importance of iron deficiency in the ' absence of
anemia among infants is:controversial as to whether it is a
. - D o 1 : ‘
hedlth risk (Deinard, .Gilbert, Dodds and Egeland, 1981;
Oski, Honig, Heycqand Howanitz, 1983). It may increase the
‘<

risk of the development of iDA but it seems clear that heme

-«
~ -

production may be 1limited by a lack of iron whether SF and

FEP concentrations are abnormal or not (Jiminez-et el.,

- 1

1985; Dallman et al.,1981). The actual mental and physical

hazards associated with the iron deficient state need to be

4

clarified. |

Those' infants with  evidence of low iron stores as
determined by SF and those with anemia due to a lack of irqp
as determinéd by.Hgb and confirmed by one other indicatér
formed.the iron deficient group. The .factors determined to
be 'risk factors' for this study were associated with an
incréase in the prevalence of ID and/or IDA émoné this iton .

deficient'group. These risk factors would be valid on group

basis and not necessarily on an individual level.

~



NUTRITIONAL FACTORS AND IRON STATUS

Breast-fed infants experienced a  significantly lower_
prevalence of modefate to severe anemié than infants who
were hﬁt breast-fed. Additionally, the deg:eé.of Breast—
feeding appeared to héve a substantiai' effect on th
prevalencé of ID and/or IDA; infants breast and'bottle-fe&
and thoée never bréastefed respectively experienced 46 and

A

60% increase in ID and/or IDA over infants receiving at
least some exclusive breast-feeding. Duration o% breast-
feeding . also affe;ted the prevalence of ID and/or IDA;
ihfénts who were breast-fed fér over 6 months experiencea a
35% lower preyalence of ID and/or IDA than those breast-fed
less than 6 months. |

The reason for the beneficial effect Qf breast~-feeding
protectihg against. ID and/or IDA seems to iie not in the
amount of iron contained ;n breast milk, but rather in the
amount of iron absorbed from breast milk. Breagt milk has
Ibeen report?d to have an initial concentratlon of 0.6 mg
1ron/l This falls to approxmately O 3 mg iron/1 after 5

months (Siimes, Vuori and Kuitunen, 1979) Other reports

have suggested concentrat1ons of up to 1 mg iren/l breast

v

milk or, expresssed in relation to energy, less than 1 mg

- 56 -
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iron/1,000 kcal (4.184 MJ) (Daliman et al., 1980). “Duripg
the‘first several months of life.the iron coné:ibution ffom
breast milk likély does not exceed.l mg/day. This amount
would seem to .be insufficient to meet the néeds‘of rapidly
gréﬁing inféﬁts. However, the low iron content of’breast:
milK is compensated by"the very high'bioavailability‘of its
iron. An average of - 49% of the iron in breast milk is
absorbed; éhis is almost a 5 fold increase over the 10 to
129 absorbed from unfortified cow's ﬁilk or cow's . milk
formulae (Saarinen and Siimes, 1977).

The basis for the excellent absorption _of ironl from
bréast milk is not-known.‘ "The high lactose, high asé;rbic
acid, low phosphorus and low proteip‘cbhtent of breast milk
facilitate_ iron absorption but this may not explain thé
) phgﬁomegon entirely (Min}lan, Landaw ahd Oski, . 19786).
There is some evidence that ingestibn _of breast milk may
condition the intestinal mucosa in a way that facilipages
the absorption of fron, even when it is not consumed with
breast milk {Saarinen,- Siimes and Dallﬁan,-‘1977). These
findingé may hélp to explain ' the observation that prolonged
brea - feeding confers some érotection against the.
devvlgpment of ID and/or IDA. .

Neonatal iron store depletion usually occurs between 4 to
& months of age (Canadian Paediatric Society, 1979; American.

’

Academy of Pediatrics, 19786). There is evidence that

" breast-fed infants rarely develop ID and/or IDA prior tc ©
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months of age'(Saarinen; 1978; Siimes et al, 1984; MacMillan

et al., 1976) and retain substantial iron stbres based on
their serum ferritin at that age ESaarinen and Siimes, 1978)
so that irén supplenentation is not necessary kor them until
6 monéhs cof age (Canadian‘Paediat;ic Socigty, 1879). It haé
been recomhended that formula-fed ihf;nts receive some foém'
of 1iron supﬁlementation by 4 months .of age (Canadian
?aeAiatric Society, 1979; Ameriign Academy of Pediatrics,
1976). This study's finding that breast-feeding (degree and

duration) was associated with a decrease in the prevalence
of ID and/or.IDA support these r%pommendations.

An infant's iron needs can be adeguately met by the
introduction of solid foods containing iron. Infant cereals

are traditionally the first solid food introduced. An

increased prevalence of ID and/or IDA was not associatéd
with the late introduction of'solf&§{€beyond 4 to 6 months).
Instead,” ID and/or ID; was increased with the intrbdqctiqn
of solid foods prior to 2 months of age. | |
Reexamination of ‘the data reévealed an inverse association
of breast-feeding, which has a protective effect againsf‘
iron deficiency, and the early introduction of so}ids. The
age of iﬁtroductioﬁ of solids appears to be influenced.by
the type of milk-feeding chosen ( Table 17). 'T#é.higher
..the degree of breast;feedinga the léter was ﬁhelintroduction

of solids. A trend. in the introduction of solids and the

- degree of breast feeding is evident. The higher rate'éf ID
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. -
- . &

and/or IDA among infants receiving soclids prior to 2 months
may be secondary to the decreased incidence of Dbreast
feediﬁg in this population; o¢f infants receiving solids

before 2 months of age only a third were breast fed.

Table 17: Relationship Between Degree of Breast-

Feeding and Age of Ilntroduction of Solids

Degree of Breast-Feeding | Age of Introduction
- (n) : | of Solids (months)

No breast-feeding (76)

+
o
b
w
o

s
[oa}
1+
O
o
—
o

1
I
: ' |

Breast and bottle-feeding (36) | 1.5 %
. ’ |
Exclusive Breagt-feeding (208). ]
I

Values are means + 1 SEM. Values'in the column
followed by different letters are significantly
different from each other (p = 0.0003).

This relationship was also‘evidgﬁé in a study based on -
Nutrition Canada_Survgy data_(Myers; 197§). It may reflect
diffefences in.maternal knowledge:of infant hutrition.:

~The 24-hour qretafy:-recall was uéed to assess 'iqon
: ihtake: When pareﬁts‘p?ovide their'child's food this mgﬁhod
has.been determined to be a strong predictor of actual food
intake (Klesges et al.,  1985) and'in the majofity of cases

‘in this study, parents interviewed' did provide their child's

r

:' \

—— . o -~



feceiving at least 125% of the RNI. for iron. Similiarly,

60

intake. However, since the infants of some participating

»

parents. were cared for in day-care centres or by

babysitters, the 24-hour recall was likely less reliable for
this group.' Consequently, the 24-hour recall can 'onlf be
considered to provide ar estimaté of the actual iron intake
of this sample population.

Although the association .of iron intake and iron status
was, not-found “to be significant by anélysis -o0of variance or
chi-sguare analysis; a linear trend was evident. The
prevalénce of iD and/or IDA was twicg as high among infanté
receid@ng less than 75% of the RNI for iron than among those

-

infants receiﬁing less than- the 50th percentile value for mg-

"irony1,000 kcal (4.184 MJ) and those receiving < 1 mg/kg

o

4
body weight experienced a higher prevalence of ID and/or

‘IDA. (Some error was likely introduced into the mg iron/ kg

body weight measurement as infants were not weighed
, .

‘- completely unclothéd.) This evidence suggests that a higher

RNIImay.bg more appropriate-,for the mainteqance of adequate
iron status‘ in this'population. ‘ ?bis hypothesis coulé be
tested in a longitudinal dietary survey.

The RNI levels for iron are presumed to be the level of
dietary intake needed to maintain health in the majority of

healthy infants. At two siandard‘deviatipns above what is

thought to bge the average level of requirement, this level

should exceed the actual requirement of most individuals but
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the‘lower ‘the iron intake is in felation”to_the RNI, the.
greater . the risk. of the indiéidual not meeting his/her
regquirement. These data suggest that children with the
lowest intake of dietar§ iron are the most. likelyl to

experience iD or IDA.

Many factdrs influence iﬁdividual iron reguirements:
Biocavailability of iron is affected by the chemical form of
the iron as well as its interaction with other foods
simultaneousl? inéestedu In this study, intakes of dietary

iron wére calculated, but no attempt was made to estimate

- I -

the availability of iron from mixed foods.

?he consumptiogaof infant cereals had aq_impértant igppact

~

» on the iron intaﬁ%s of infants 1in this study. Infants not
consuming infang-/cereals received siénificantly lems irpn in

their diets than those infants who . were consuming infant

cereals. As well, the prevalehce of IDA varied inversely

with the duration of . infant cereals. The withdrawal of
infant cereals prior to 3 monmths duration was. associated

with aﬁproximately a two-fold increase 1in the prevalence of

P

IDA. Prolohéed infant cereal feéding (over 12 months)"by a
small .group of 1@ infants was associated with a rate of IDA
L1 N .

at 0%. .-No trend was.evident with respect to the prevalence

of ID and duratioﬁ’of infant cereals.
Given' the popularity of infant cereals " and their

reliability as a vehicle for dietary iron, it would seem

M -

prudent to recommmend their feeding for at least 3 months

P
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-

duration. This suggestion is based upon the.cdrrelétionjof
the .lowered preévalence of IDA with the increased duration of

cereal feeding. Causation cannot be implied from the data

.o

available.

CTee -

‘The abiiity of parents to correctly identif? at least one

iyon source was related to a decreased rate of 1ID and/or
P - . \ £y 0

IDA. As with breast feeding,. this could be" a function’ of

" parental education amd interest  in infant nutrition. 5;

_There_ is an inverse relationship between perents'
rceptions of frequency ef nutritional counselling by their
infants' ph?sidian and the presence of ID and/or }DA, It
may be "that when primary care phyéiciane are perceived b&
their patients' parents as concerned about nutritional
issues, parenés are more compliant witﬁ nutritional
recommendations such 'es breaﬁi feeding and feeding infent

cereals for appropriate durations. These infant ' feeding

practices may decrease the risk of ID and/or IDA.

- ! e
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MEDICAL FACTORS AND IRON STATUS

In low birthweight infants, the total body iron at birth
is less than that of the full-term infant, however, the iron

content of the preterm infant is proportionate to body

weight. Because of the preterm infants' rapid postnatal

~ —

—

growth, 1ron steores are“&epleteéxﬁétgeen- 2 and 3 months.of

age (Dallman et al., 1980; Canadiaﬁ " Paediatric Sociéﬁfj
1981). Féecause of this, +their reguirements for exogenousI
“iron are greateFm\Effidfhpse of the fﬁll-term infant ~and
there is some évidehbe that IDA wiil develop after this time
unless 'supplemeﬁts‘ are ' given {Lundstrum, . Siimes and

Dallman, 1977). Because Llow birth weight and preterm’

infants in Ottawa-Qarlton are routinely supplementeé with

W iron, the effect of brematurity or low birthweight on iron.

and lower (< 10th)

percentiles for waight for length exhibited twice the rate’ = J’

]
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time of the 'interview and who had been seen by their
physician at least once in the previous 3 months for a non

‘well baby visit. Infants in the > 90 percentile category

experienced the lowest rates of illness.

. P
-

There:is some evidence that hematologic parameters change
with mild antecedent infection. in'infants, Significang
decreases in Hgb .ahd incrgéses in SF and FEP-have been
observed among such-infants (Réeves et al., 1984)2. So yhile
the rate of ID, based on SF, may decrease consequgEE to
illness, ‘the 'rate of IDA would be expected to increase.

4

Among infants in the < 10th ‘percentile weight for length -

group, mild antecedant - infection may contribute to “aw
ificrease in IDA, but not in ID, so infection would not

"explain this oﬁservapion entirely.

Among infants lin the >= 90th percentile éréupf' it was
found thag .é significantly'higher percentage c¢onsumed less
th%n the RNI fé% energy (calculated on an age and wéiéﬁzﬁ:zrﬁf
basis) and less than 1 mg/kg body weight. More infants in —
this group alsc consumed less than 1007 of the RNI for iron
but the differences between groups were not as.striking.

It is an interesting finding that percenti}e ,Qeight for
.length varied iAVersely wifh, energy intake. The opposite .
situation would be expected. -Alphough parental reporting of
the.24—hour dietary recall has been found to ber é strong.
predictor of children's actual intakes ”tKiesges et al.;

3

1985), there 1is some evidence of the under-reporting of
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-
large intakes and the over-reporting of small intakes that

‘has been observed in validity studies of the 24-h dietary'

-

recall | GerSovitz," Madden and ' Smiklas-Wright, - 1978;
Madden, Goodman, and 6ﬁthrie,, 1976). This "flat slope
syndrome" ﬁay help to explain the phenoménon of the
relatively .lowlenerg§ -intake amorig the high .weight for
length infaﬁts“ Cther factors tha;.may affect energy iﬁgake
include differences in metabolic raté, activity level, and
effidieq&y,gf energy utilization between groups but none of
these fa;tors wé;e studied.

- Iron intakg belkow recommended levels, partf&ularly when

calculated on 'a per kg basis, seems to be an important

contributer to the higher rate of ID and IDA observed among

infants in the >= 90th percentile group. However, this iron
intake data is subject to the potential limitations of the

24-h dietary recall as described above. Furthér analysis of

-

more specific medical and nutritional factors -could reveal

other associations.




' SOCLOECONOMIC ‘FACTORS AND IRON STATUS

Rg}ationshipé ?etween. socioetonomic gtétﬁs:‘: ana
‘hematologic and dietary féctors have been ‘observed (fable
16).

.The perceﬁtage of ID and}or'IDA among the infants in tﬁis_
,Study was twice as high in the lower social groub 'thaﬂ in

the middle-high grou _As well, the prevalence .of total IDA

and moderate-se 3 and S times higher,

.IDA was
respectively, "am n the lower social group.
Similiarly, a review Tudies conducted over the past 2
decades revealed the percentage of 1 to 5 year olds'haQing
IDA to be 3 times greater émong the poor <than the nonpoor,
and the sev?re degrees of IDA lic be twice as commonfémoné

the poor (Egbuonu and Staffi%ld, 1982),

It is unlikely that low %Sﬁ}Oeconomié status per se is

.responsible for ID and/or IDA, but rather that specific

practices associated with poverty may be contributing:

b

factors. The economic status of the family and the culturain.

. background are factors that _determiné\the' xypes of  foods

cdnsumed and feeding practices (Qzajka—Nairns et al., 1979).

”

In fﬁhis study ‘there wére important .‘gpadients in

bfeastfeeding, duration of infant cereal consumpt}on and

A
hl
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iron intake that wvaried with SE status.. Aﬁong infants in

‘the * lowest socioceconomic group, the“.proportion of - those

.

breastfed and the duraticon of use of infant cereals were

lower than among infants in the/ﬂmiddle to.high group. The

__—average iron- density of the diet was almost 2 mg lower‘in

v

the low socioeconomic group than in the middle-high group.
This may be a-resdlt of the decreased use of infant cereals
in the low socioé;onomic group. g

Similiar results were found in data from the Nutrition
Canada Snrvey (Myers, 1979). Education has been found to pg
a; important fag¢tor in the choice of breastfeeding and iés
durétion (Pursall,.Jepson,.Smith, and Emery, 1%978; Yeung et
ai.“ 1981a). In ﬁhis-studQ as-well, socioeconomic status
was significéntly related to to parental educ;tiohal level

(p < 0.0001) - and is implicated in ot specific

nutritional practices that hgve been associafed with ,ID.

" and/or IDA. . - _ ¢
. . . . .
The assumption ofé)the effect of sociceccnomic status on
T - s ) .
nutritional practice, is that parents who aré-_better

educated:and h:gii, may be in a higher socioeconomic group,

are more like

This'study found that 15% more parents _in this middle-high

o seek information on infant nutritien.

group could identify at least one source of iron in their

infant's diet. ~ Dietary knowledgerand certain nutritional
. & M ' ’

practices (e.g. breastfeeding, prolonged infant cereal

fggging) may contribute towards decreasing the prevalence of .

ID and IDA.
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" be ern ilron xndzcev " Become  stronyjen with incregsing_
o . N - , - .
severity of IDA. L BN
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CONCLUSION

The following qonclﬁsions may'be drawn from the results

of t s study

Based on 1ddht1ca1 crlterla used 1nh£/iahntr1tlon Canada

Survey (1970m 972) the prevalence of 1ID among infants has
decreased from 29 to _10.5% and the prevalence of IDA has
decreased from 18.8 to 3.5%. Possfblé .feasons include a
.three;fold increase in fhe pral;;ee of breast-feeding and an

increase in’ the pioavellaﬁility c¢f the iron added tg’infant

cereal.

. FEP is- a poor screening tool for ID in infancy. As a

screening tool for IDA;\-EﬁP is fair ,.at the 73.8 ug/dl rbcs

cutof?.point. While 1ts SEHSL;JVlty (63.6%) at this level is
\J . .

too poor for 1t to be used to predlc“’IDA in individuals, it

may have some value-in populaeloqﬁsurveys or as one of 3

¢ . i~ '

number of'confirﬂ‘hory tests for iron qef1c1ency .

. The three stage 'modeL :or the development of IDA is not

qene:mlly appllcaple ts infants’ as there is a marked overlap

wnpre

. . - 68 -§

"ctabx‘zuy on a population level, ' vorrelations.
5 . - :

-
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Risk factors are variables that are associated with an

increased rate of ID and/or IDA. They do not'impiy causal
relationships. "Nutritional risk factors for iron deficiency
include 1ack-6f bregst-feeding (or low deg;ee or duration),
éstimated ir;n intake less than 125% of the, RNI and the use
of infant cereals for less than 3 months duration. Lack of
knowledge of iron-containing foéds and perceived lack of
physician's codnsélling on infant nutritidn aré also
contributing factors.

With a protocol in which premature‘infants are ‘routinély
supplemented with iron, the effect of prematurity _oﬂ‘iron
status was small. Very low (< 10) énd very high (-90) we}ght
for length percentiles were ‘risk factors for ID and IbA.
Pércentiles < lb were éssbciatea Qith‘ a higher rate of

)

sickness and those > 90 were associateﬁ‘with.a lower ironm

-
intake per kg body weight.
Low" soaicggonomic status 1is a vrisk factor. Lack of
breast-feeding, decreased duration of infiant cereal 'uée:

poor paréntal, khowledge of iron-rich foods and lower iron

content ' of the diet were mpre common among infants this
- . +
5. ~

< group. - T (’ -
ibenera; screening f6r ID and oy ‘IDA.lé ne<- harrantéﬁ-ﬁnd.

should be;;imitéd to ihose infaprts most at fisk& th; ieqeq . N

of risk, increasing with 'the .numbgr of risk factors ' 4

demonstrated. Similarly, those families with infants at high

risk should be the target of nutrition $§ucatidd programs.
. » ‘ . -
‘ * . . - ~

,. % ]!i " . .
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The prevaience

anemia among & to ‘1B manth old infants in Ottaha'

Appendix A -
QUESTIONNAIRE - - )
$f iron deficiency anq;irén defiéﬂéﬁéy;f «

.

v T
A:1 Health Review "
) " - '
1. Name of child. :
2. Survey numbe:' ) -
| 3. Sex:. QEEWale female :
4. ' Age (mqnﬁbs)' %
5. Date of?ihtéfview .
6. Length-(cm) - .
. Vo sl
7. Weight (kg) - | .
8.. Percentile weight for iength- " N .
9. Weeks gestation Don't know '
:fﬁbz.airth weight' (g) __ !
11, 3

Does your child have any ongoing health problems for Qpiéh

he/she sees a doctor regularly?

No

Yes

>
.
A
fre!
ity

for

Lo

"

B8Z -~

'y



D - . : & ’.
—~— IZ. Has your child sden a doctor or

83 .

habe-yoh had to call a doctor

.

Yes

How many tihesl

! . :
How. many times
’ , ,

Yes

' How many times

How 'many times

.disease G. Other

~

AN
=y in the past: © .
a) 1 to leﬁsjthan'é weeks? .No
if yes,ifor o
. and for l 7“' ‘
‘b) 4 ééilesg than 12 weeks? Né
’ if yves, for ' _ -
" and for"~ ‘ lﬁi
A.'bheck Lb . D. Coéxagious
B; Fév;r ‘ : E. Colds
- C. Infection ___ F. Diarfheah
“13./H

al - soil?

b| = /starch?
c/{ patht?

- other?

your child ever eaten unusual things? No. . Yes

14. Has your child.ever'had an operation?

No

Yes For?

When?

15. Does your doctor discuss infant nutrition with you

at well-baby visits?

always sometimes

-

¥

never
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S ——

2.2 Socioeconomic Profile

1.- Usual language spoken at home

. English French Both _ Other
2. Race
Black white - Oriental Native Canadian_
- . B

3. Educational level of parents

What was .the last school year successfully completed?

Mqther

Fafher

4. Occupation of parents (Blishen scale} -note type-and place

Mother 1 ) ' .

Father

A.3 Nutritional History

1. Was/is the child breast fed?

No Yes
".1f,.yes, a) exclusively bfgast fed?

No Yes

by breast fed with bottle supplementation?

No‘ Tes

v Age at which breast feeding was disd@ntinued

(months) 1if applicable:

———

2. Was/is the child bottle fed? No Yes

if yes a) type of milk

b) age at which bottle feeding was started



85
0 « 4 weeks
4 < 12 weeks ‘
over 12 weeks o )
‘ ¢) Has bottle- feeding beén aiscontinﬁed?
No _ s | ) - T R
Yes . 0 < 3 months .
3 <86 months. LI
‘ 6 < 12 months o
. N
> 12.months |
hAge at which solid foods were started i
. ' ménths ' ' )
Is child on a diet?  No __ . Yes ___ .
For - .'- ) .
Does the child-take any vitamin/mineral suppleménts?
No Sometimes Regularly
’ Type: . . Iron contene
Does the child consume commercial infant cereals?
_ No Yes - _ o
1f yes, a) age.at whicﬁ tﬁey were started \ months

b) Have-infant cereal feeding been discontinued?

Ne _ “
Yes 0O < & months
6 < 9 months .

9 <« 12 months
12 < 15 months
15 > 18 months L

é) Please name the product L ~
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i Gerber ii Heinz  1ii Milupa iv Pablum v Other

*

d) Does your baby eat other cereals?’

(e.g. Corn Flakes, porridge) No - Yes

A r
What foods containing iron does your child receive?

commercial infant cereals

iron fortified formula -

meat, poultry, aegg, liver

other ) ' s

don't know . -

.
LY



Appendix B ’

CHILDREN'S HOSPITAL OF EASTERN ORTARIO BLQOD'

N - SPECIMEN COLLECTION

- ,—\ .
Microméthod with Microtainer Collector Tubes (1983q"“

Assemﬁle-al} equipment necessary:

- alcohol éwab |

- dry swab |

- sterile micrpolance .

- P;e-dsseﬁble‘Microtéinég TuSe by removing lgvénder_
plug and.replacing with fld‘top_goliectorz Do n&t

discard plug (note: make sure that’ little mixing

’

balls aré‘free of eacb othé{). )

. 1) Select puncture site (finger or heel depen@ind‘
on qge‘of‘bhiid).'Cfeanse with alcohofl

2) Wipe alcohol'off with dry swag.

3) ?dncture skin wiFh sterile "lancet. hd

4) Wipe away first drop of blood.

5) Hold micnotaiper tube with flo top collector at
an angle below hogazontal with vent hole in up-
ward'position.

6) Touch tip of the flo top collector to underside

* S : .87 -



7}

8)

of blood drop. Do not scrape up blood sample.
When sufficient blood is collected, twist off flo
top collector from tube and discard.

Seat lavender plug securely in tube opening, and
gently invert tube about 8 times to ensure prdper
mixing of sample. Put label on tube aq&'send to

lab.
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