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Screening for iron deficiency was undertaken
among a group of Chinese children aged 6 to 36
months to determine the prevalence of the
condition and its association with infant feed-
ing. Of the 346 children studied, 12.1% were
found to be iron deficient. The overall preva-
lence rate of thalassemia minor was 6.7%.
Among the 166 children aged 6 to 12 months,
more of those who were breast-fed for at least 2
months than of those who were bottle-fed were
iron deficient (27.0% v. 7.0%; p < 0.001). This
difference persisted after controlling for the
effect of iron-fortified formula. No such differ-
ence was found among those older than 12
months. The observed prevalence of iron defi-
ciency was closer to the rate reported for black
children than to that reported for white children
in the United States. The findings stress the
importance of conducting further studies of iron
deficiency among Chinese subpopulations in
North America.

Quelle est la fréquence de la carence en fer chez
les enfants d’origine chinoise entre 6 et 36 mois,
et quel rapport a-t-elle avec I'alimentation? On
I'a recherchée parmi 346 tels enfants vivant dans
la région montréalaise et trouvée chez 12,1%
d’entre eux. Le taux de thalassémie mineure est
de 6,7%. Parmi les 166 nourrissons de 6 a 12
mois, la sidéropénie est plus fréquente chez

ceux qui ont été allaités au sein pendant au

moins 2 mois (27,0%) que chez ceux qui n‘ont
pris que le biberon (7,0%) (p < 0,001); cette
différence persiste méme si on élimine l'effet
des laits enrichis en fer. Elle n’existe pas au-dela
de 12 mois. La fréquence de la sidéropénie chez
nos enfants est plus proche de celle qu’on trouve
aux Etats-Unis chez les enfants noirs que celle
quon trouve chez les blancs. Nos résultats
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soulignent I'importance d’étudier plus avant la
carence en fer dans les sous-populations d’origi-
ne chinoise en Amérique du Nord.

nutritional anemia in early childhood.! While

iron deficiency anemia is prevalent primarily in
developing countries,?? it still poses a challenge to
the medical profession in the developed world.-¢ It
is now recognized that iron deficiency preceding
the development of anemia can result in systemic
effects.”-1 Although the total effect of iron defi-
ciency on the growing child is not known, it is
generally accepted that iron deficiency in young
children should be prevented through breast-feed-
ing!! and appropriate infant feeding with iron-forti-
fied formula and food'?!? and that iron deficiency
should be detected at an early stage.!!¢

In recent studies of the prevalence of iron
deficiency in the United States, blacks were shown
to be at substantially higher risk than whites.515
There has been little documentation of the preva-
lence of iron deficiency among Oriental popula-
tions in North America. One of us (A.C.-Y.), on
noting an apparently higher prevalence of iron
deficiency among Chinese children than among
white children at a pediatric practice in Montreal,
undertook a case-finding program within the Chi-
nese community. This survey enabled us to report
on the prevalence of iron deficiency among Chi-
nese children and its relation to infant feeding
method and, coincidentally, to describe the preva-
lence of thalassemia minor in this population.

Iron deficiency is the most common cause of

Methods

All consecutive Chinese children seen under
the routine pediatric care of A.C.-Y. (who speaks
Mandarin and Cantonese) between October 1977
and September 1982 who were between the ages
of 6 and 36 months were tested for iron deficiency
on one occasion. The children were seen at the
Montreal Chinese Hospital pediatric clinic or at the
physician’s private office. Most of their families
were first-generation immigrants from China and
southeast Asia. Most of the children had been
followed up from early infancy. Testing was done
either at 8 to 9 months of age, when the child had
been fed whole cow’s milk for at least 2 months, or
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later, if the child had been older at the start of the
survey or had entered the practice later.

Infant . feeding recommendations included
breast-feeding or use of iron-fortified commercial
formula from 3 or 4 months to at least 6 months of
age and introduction of iron-fortified cereals at 4
months of age and then conventional beikost
(vegetables, fruit and meat). No attempt was made
to change the feeding pattern of children who had
been fed traditional Chinese beikost, which is
congee (rice porridge cooked with or without meat
broth). Whole cow’s milk was recommended after
6 months of age for formula-fed infants or upon
weaning for breast-fed infants.

A complete blood count was performed in
capillary blood with a model S Coulter Counter
(Coulter Electronics Inc., Hialeah, Florida). When
microcytosis (mean corpuscular volume of 70 fl or
less,'¢ confirmed by examination of erythrocytes)
was detected, venous blood was drawn for further
tests.

Children with at least one abnormal iron
index (i.e., low serum iron level,” elevated free
erythrocyte protoporphyrin level'®!® or elevated
total iron-binding capacity'’) were treated with
ferrous sulfate at a dosage equivalent to 5 mg/kg
per day of elemental iron, given orally for 3
months. Nine children with microcytosis whose
parents refused to allow venous puncture were
also treated with this regimen.

Those who responded to therapy with a rise in
hemoglobin level of at least 1 g/dl were identified
as iron deficient.!> Cases of borderline iron defi-
ciency were not identified, since determination of
ferritin levels® was not possible in the clinical
setting during the study period.

Children with persistent microcytosis and ele-
vated concentrations of hemoglobin A, (more than
3.5%) and hemoglobin F (more than 2%) were

identified as having (-thalassemia minor, and the
diagnosis was confirmed by family studies. Those
with persistent microcytosis but normal results of
hemoglobin electrophoresis were considered to
have a-thalassemia minor, and the diagnosis was
confirmed by establishing that one of the parents
had a low mean corpuscular volume, normal iron
indices and normal results of hemoglobin electro-
phoresis.

Data were collected on whether the children
were breast-fed or bottle-fed at 2 and 4 months of
age and whether they received iron-fortified com-
mercial formula.

Results

A total of 372 children were seen during the
study period. The parents of 24 children refused to
participate, so that the participation rate was
93.5%. Two children were excluded from the
study: one had iron deficiency associated with
parasite infestation, and the other was identified as
iron deficient at 4 months of age on investigation
of failure to thrive.

Of the 346 remaining children, 74 (21.4%) had
microcytosis. Forty-two of the 74 (12.1% of all
346) were classified as iron deficient (Table I).
Eleven of the 74 (3.2% of all 346) had at least one
abnormal iron index but did not have a substantial
rise in hemoglobin level after iron therapy; howev-
er, a follow-up complete blood count in capillary
blood showed that the mean corpuscular volume
had returned to normal. This group of subjects
may have had borderline iron deficiency, which
could have been confirmed by measuring the
ferritin level. Of the remaining 21 children with
microcytosis 11 had a-thalassemia minor and 10
B-thalassemia minor. Two of the children with iron

Table | — Results of screening for iron deficiency in 346 Chinese children

372 children
- N
346 children 24 refusals
” ; 2 exclusions
,"’/ S

& b

74 with microcytosis 272 without

- - microcytosis

///,
x i ~

42 with iron 11 with no rise 11 with a-thalassemia minor

deficiency in hemoglobin level

after iron therapy

BN
2 with iron deficiency
and thalassemia minor
(1a, 10)

40 with iron
deficiency alone
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10 with B-thalassemia minor




deficiency also had thalassemia minor, one a and
one B. The overall prevalence rates of a-thalass-
emia minor and B-thalassemia minor were 3.5%
and 3.2% respectively.

To show the relation of iron deficiency to
hemoglobin level, we plotted the distribution of
children with or without iron deficiency by hemo-
“globin level (Fig. 1). Of the 42 with iron deficiency,
39 (93%) had a hemoglobin level below 11.5 g/dl.
The mean hematologic results in the children with
or without iron deficiency and in those with
thalassemia minor are presented in Table IL

Because of the wide range of ages at assess-
ment, we arbitrarily divided the children into three
age groups, using larger ranges for the higher ages
because of the small numbers of children. The

100 Normal n =304

Iron deficient n = 42

\
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\
\
\
\
\

8 9
Hemoglobin level (g/dl)

Fig. 1 — Distribution of children with or without iron
deficiency, by hemoglobin level.

proportions of each age group with iron deficiency
and the mean values for mean corpuscular volume
and initial hemoglobin level are shown in Table III

Analysis of the data on feeding revealed that
21.4% of the children had been breast-fed for at
least 2 months, most of them (84%) for at least 4
months. Infants who had been breast-fed for at
least 2 months were more likely than those who
had been bottle-fed to be iron deficient. However,
this association was apparent only among those 6
to 12 months of age: 27.0% of the breast-fed
infants versus 7.0% of the bottle-fed infants were
iron deficient (x2 = 11.40, p < 0.001). Within this
age group, only 27% of the breast-fed babies ever
received iron-fortified formula, compared with
58% of the bottle-fed babies. A stratified analysis
was done to determine whether the difference in
the rates of iron deficiency between breast-fed and
bottle-fed infants in this age group was due to the
fact that breast-fed babies were less likely to have
received iron-fortified formula. Among the 81
infants who never received iron-fortified formula,
29.6% of the breast-fed versus 13.0% of the
bottle-fed infants were iron deficient (x? = 3.31, p
= 0.07). Among the 85 infant; who did receive
iron-fortified formula more of the breast-fed than
of the bottle-fed infants were iron deficient (x? =
5.91, p = 0.02).

Discussion
The prevalence of iron deficiency is reported

to vary between racial groups.!*!52! Sadowitz and
Oski®* found a higher prevalence rate of iron

Table Il — Mean hematologic results in the children with or without iron deficiency and with thalassemia minor

Mean result (and standard deviation [SD])

Total iron-
Mean Free erythrocyte binding Serum
corpuscular Hemoglobin protoporphyrin capacity, iron level,

Group volume, fl level, g/di level, pug/di* png/di* png/di*
Without iron deficiency

(n = 283) 77.9 {4.4) 12.5 (0.9) — - -
With thalassemia minor

(n=21) 61.6 (3.6) 11.2 (1.0) 33.7 (20.1) 348.3 (108.0) 69.3 (37.5)
With iron deficiency

(n=42) 60.3 (7.3) 9.1(1.8) 189.3 (139.0) 419.4 (97.1) 27.6 (13.8)

*Most of the children without iron deficiency did not undergo venous puncture. The number of children for whom results are

reported varied owing to technical problems.

Table Ill — Proportions of children with iron deficiency, by age group

Age, mo
6-12 13-18 19-36
Variable {(n = 166) {n = 101) (nh=79)
No. {and %) with iron deficiency 19(11.4) 10 (9.9) 13 (16.5)
Mean result (and SD) (n = 346)
Mean corpuscular volume, fl 74.7 (1.9) 74.8 (7.9) 75.3 (9.0)
Hemoglobin level, g/di 11.9 (1.5) 12.1(1.4) 12.0 (1.8)
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deficiency anemia among black children aged 9 to
12 months than among white children of the same
age (14.3% v. 2.7%). Reeves and colleagues,'
using a rise in hemoglobin level of at least 1 g/dl
in response to treatment as their main criterion for
diagnosing iron deficiency anemia, found that 14%
of black children but only 8% of white children
aged 6 to 24 months were affected. Using the same
criterion, we found that 12.1% of Chinese children
aged 6 to 36 months had iron deficiency. Brault-
Dubuc and associates?! reported a lower preva-
lence rate of iron deficiency anemia, 3.3%, among
upper-middle-class French-Canadian children in
Montreal.

The overall prevalence rate of thalassemia
minor in our study, 6.7%, was lower than that
reported by Choi and Necheles?? among the Boston
Chinese population. Our study population had
diverse origins, whereas the subjects in the Boston
study originated mainly from the Guangdong
province in China, where a particularly high inci-
dence of thalassemia minor has been observed.?

Both genetic and environmental differences in
our study population may explain the observed
high prevalence of iron deficiency. Intolerance to
whole cow’s milk is suspected to contribute to the
development of iron deficiency before 6 months of
age>132¢ and possibly until 1 year of age.”> We
suspect that intolerance to whole cow’s milk after 6
months of age may be common among Chinese
children. We observed that several infants were
iron deficient as early as 2 months after starting to
receive such milk. Although the quantity of whole
cow’s milk consumed by the children in our study
was not routinely recorded, our retrospective di-
etary recording at the time of diagnosis of iron
deficiency revealed that many infants were fed an
excessive amount of such milk. This excess can
result in occult intestinal blood loss® and in-
adequate iron intake.26

In our study the pediatrician advocated breast-
feeding?” and recommended the use of iron-forti-
fied formula from 4 to at least 6 months of age for
bottle-fed infants and iron-fortified cereal followed
by conventional beikost beginning at 4 months.
The prevalence rate of iron deficiency was 12.1%
despite these recommendations. In conducting this
study we recognized the difficulty and inaccuracy
of identifying iron deficiency by relying solely on
clinical examination and dietary history. This
group of Chinese children appears to be at particu-
larly high risk, and we suggest further studies of
iron deficiency in this population. However, given
that this was a cross-sectional study in which we
examined prevalence, not incidence, we cannot
identify the most appropriate time for conducting
such tests.

Many of the children in our study were fed
traditional Chinese beikost, which is known to
have low iron bioavailability.2¢-3! The difference in
the prevalence of iron deficiency between
breast-fed and bottle-fed infants was apparent only
at an early age (6 to 12 months) and seemed to be
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due in part to supplementation with iron-fortified
formula, but even among those who received such
formula, more breast-fed than bottle-fed infants
had iron deficiency. Unfortunately, data on other
differences between breast-fed and bottle-fed ba-
bies that might further explain the observed differ-
ence were not routinely recorded. The lack of
difference in prevalence of iron deficiency between
breast-fed and bottle-fed infants after 1 year of age
may have been due to the increasing similarity of
the diets of these two groups over time.

Although the iron bioavailability of breast
milk is much higher than that of cow’s milk,
infants who are breast-fed for 6 months or more
require iron supplementation.’33 Most of the chil-
dren in our study had been breast-fed for less than
6 months and thus did not need iron supplementa-
tion. However, a low iron concentration in the
breast milk may have led to a higher prevalence of
iron deficiency than expected.®

Further clinical research is required to deter-
mine the cause of iron deficiency in this ethnic
group. Appropriate guidelines for infant feeding
and iron supplementation can then be formulated.

We thank Jocelyne Grondin, for technical assistance,
Ruey Suey Wang, for collection of data, Drs. I. Barry
Pless, Claire Dupont and John Wu and the staff of the
Hematology Department, Montreal Children’s Hospital,
for their valuable suggestions, and Dr. Charles R.
Scriver, for providing the services of his Thalassemia
Screening Program.

This study was supported by the Montreal Chinese
Hospital Foundation.

References

1. Lane JM, Johnson CL: Prevalence of iron deficiency. In
Oski FA, Pearson HA (eds): 82nd Ross Conference Report
on Iron Nutrition Revisited — Infancy, Childhood, Adoles-
cence (Library of Congress cat card no 81-50729), Ross Lab,
Columbus, Ohio, 1981: 31-39

2. Cook JD, Finch CA, Smith NJ: Evaluation of the iron status
of a population. Blood 1979; 48: 449-455

3. Cook JD, Alvarado J, Gutinsky A et al: Nutritional deficien-
cy and anemia in Latin America: a collaborative study.
Blood 1971; 38: 591-603

4. Smith NJ, Rios E: Iron metabolism and iron deficiency in
infancy and childhood. Adv Pediatr 1974; 21: 239-280

5. Sadowitz PD, Oski FA: Iron status and infant feeding
practices in an urban ambulatory center. Pedjatrics 1983;
72:33-36

6. Dallman PR, Yip R, Johnson C: Prevalence and causes of
anemia in the United States, 1976 to 1980. Am J Clin Nutr
1984; 39: 437-445

7. Siimes MA, Refino C, Dallman PR: Manifestation of iron
deficiency at various levels of dietary iron intake. Am J Clin
Nutr 1980; 33: 570-574

8. Oski FA, Honig AS, Helu B et al: Effects of iron therapy on
behaviour performance in nonanemic, iron-deficient in-
fants. Pediatrics 1983; 71: 877-880

9. Leibel RL, Pollitt E, Kim I et al: Studies regarding the
impact of micro-nutrient status on behavior in man: iron
deficiency as a model. Am J Clin Nutr 1982; 35: 1211-1221

10. Oski FA: The nonhematologic manifestations of iron defi-
ciency. Am J Dis Child 1979; 133: 315-322
11. Saarinen UM, Siimes MA, Dallman PR: Iron absorption in




12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

infants: high bioavailability of breast milk iron as indicated
by the intrinsic tag method of iron absorption and by the
concentrations of serum ferritin. J Pediatr 1977; 91: 36-39
American Academy of Pediatrics, Committee on Nutrition:
Commentary on breast-feeding and infant formulas, includ-
ing proposed standards for formulas. Pediatrics 1976; 57:
278-285

Idem: The use of whole cow’s milk in infancy. Pediatrics
1983; 72: 253-255

Hoekelman RA, Blatman S, Brunell PA et al (eds): Screen-
ing for anemia. In Principles of Pediatrics: Health Care of
the Young, McGraw, New York, 1978: 191-192

Reeves JD, Driggers DA, Lo EYT et al: Iron deficiency in
one-year-old infants: comparison of results of a therapeutic
trial in infants with anemia or low-normal hemoglobin
values. J Pediatr 1981; 98: 753-758

Koerper MA, Mentzer WC, Brecher G et al: Developmental
change in red blood cell volume: implication in screening
infants and children for iron deficiency and thalassemia
trait. J Pediatr 1976; 89: 580-583

Young DS, Pestaner LC, Gibberman V: Effects of drugs on
clinical laboratory tests. Clin Chem 1975; 21: 1D-432D
Piomelli S: A micromethod for free erythrocyte porphyrin:
the FEP test. ] Lab Clin Med 1973; 81: 932-940

Yip R, Schwartz S, Deinard AS: Screening for iron deficien-
cy with the erythrocyte porphyrin test. Pediatrics 1983; 72:
214-218

Siimes MA, Addiego JE, Dallman PR: Ferritin in serum:
diagnosis of iron deficiency and iron overload in infants
and children. Blood 1974; 43: 581-590

Brault-Dubuc M, Nadeau M, Dickie J: Iron status of
French-Canadian children: a three year follow-up study.
Hum Nutr Appl Nutr 1983; 37A: 210-221

Choi E, Necheles TF: Thalassemia among Chinese Bostoni-
ans. Arch Intern Med 1983; 143: 1713-1715

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Zeng YT: Hemoglobinopathies in China mainland. Hemo-
globin 1981; 5: 517-524

Fomon SJ, Ziegler EE, Nelson SE et al: Cow’s milk feeding
in infancy: gastrointestinal loss and iron nutritional status. J
Pediatr 1981; 98: 540-545

Woodruff CW, Wright SW, Wright RP: The role of fresh
cow’s milk in iron deficiency. II. Comparison of fresh cow’s
milk with a prepared formula. Am J Dis Child 1972; 124:
26-30

Montalto MB, Benson JD, Martinez GA: Nutrient intakes of
formula-fed infants and infants fed cow’s milk. Pediatrics
1985; 75: 343-351

Chan-Yip AM, Kramer MS: Promotion of breast-feeding in
a Chinese community in Montreal. Can Med Assoc ] 1983;
129: 955-958

Dallman PR, Siimes MA (eds): Iron Deficiency in Infancy
and Childhood. A Report for the International Nutritional
Anemia Consultative Group (Library of Congress cat card
no 79-67481), Int Nutr Anemia Consult Group, Washing-
ton, 1979: 7-8

Hallberg L, Bjorn-Rasmussen E, Rossander L et al: Iron
absorption from southeast Asian diets. II. Role of various
factors that might explain low absorption. Am J Clin Nutr
1977; 30: 539-548

Hallberg L: Iron absorption and iron deficiency. Hum Nutr
Clin Nutr 1982; 36: 259-278

Hsia PYK, Yeung DL: A dietary study of adult Chinese-
Canadians in Vancouver. Can Diet Assoc ] 1976; 37: 165-
169

Saarinen UM: Need for iron supplementation in infants on
prolonged breast feeding. ] Pediatr 1978; 93: 177-180

Siimes MA, Erkii V, Kuitunen P: Breast milk iron — a

declining concentration during the course of lactation. Acta
Paediatr Scand 1979; 68: 29-31

™
Headstart
ANALGESIC TABLETS
REGULAR AND EXTRA STRENGTH
HEADSTART™ Analgesic Tablet provides fast
and effective relief of headache, toothache,
pain due to arthritis, muscle sprain, and men-
strualcramps. Itis also effective in reducing
fever and the painful discomfort thataccom-
panies colds. HEADSTART™ Analgesic
Tablet is easy to take anywhere anytime be-
cause it dissolves rapidly on the tongue
without water and has a pleasant lemony
taste.

Headstart™
REGULAR ANALGESIC TABLET

Each tablet contains 325 mg acetylsalicylic acid
(ASA).

Directions for Adults.

Take 1 or maximum 2tablets for fast relief of pain
and fever. Allow each tablet to dissolve in mouth
before swallowing. In cases of dry mouth, first
moisten the mouth with water, the tablets may
be swallowed with a little water. If required,
repeat this dose every 4 hours. The maximum
recommended daily dose is 9 tablets. It is
hazardous to exceed the maximum recom-
mended dose unless on the advice of a physi-
cian. If the underlying condition requires
continued use for more than 5 days, consult a
doctor.

Directions for Children

Use only as directed by a physician. Consulta
physician about Reye's Syndrome, a rare
serious iliness, before giving this or any other
ASA-containing medication to children includ-
ing teenagers with chicken pox or flu.
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* There is sufficient drug in the package to
seriously harm a child. Store in a safe place
out of the reach of children.

HEADSTART™ Analgesic Tabletis available in
child resistant bottles.
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