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Prevalence of anemia among Quebec Cree infants 
from 2002 to 2007 compared with 1995 to 2000
Noreen Willows PhD David Dannenbaum MD CCFP Sophie Vadeboncoeur MD

Abstract
Objective To determine if screening of infants for anemia at 9 months in the Cree region of Quebec should continue, 
by comparing the prevalence of anemia in the initial years of screening (1995 to 2000) with prevalence data from 
infants screened between 2002 and 2007.

Design Comparison of anemia prevalence from 2 cross-sectional surveys. Nonoverlapping 95% CIs were used to 
determine if results were significantly different.

Setting Nine Quebec Cree communities.

Participants Infants screened for anemia between 1995 and 2000 (n = 716) or 2002 and 2007 (n = 1325).

Main outcome measures Anemia was diagnosed based on hemoglobin concentration. An erythrocyte mean cell 
volume of less than 71 fL was used as a proxy for iron deficiency.

Results Hemoglobin concentration among infants screened from 2002 to 2007 was, on average, 7 g/L greater than 
among infants screened from 1995 to 2000 (mean [standard deviation] 121 [11] g/L vs 114 [11] g/L). The prevalence 
of anemia (hemoglobin < 110 g/L) from 1995 to 2000 was 31.7% (95% CI 28.3% to 35.1%), but from 2002 to 2007 it 
was significantly lower at 12.5% (95% CI 10.7% to 14.2%). Using a hemoglobin concentration more specific to iron 
deficiency anemia (IDA) (hemoglobin < 100 g/L), from 1995 to 2000 7.5% (95% CI 5.6% to 9.4%) of infants had IDA, 
whereas from 2002 to 2007 only 2.0% (95% CI 1.2% to 2.8%) had IDA. The prevalence of iron deficiency based on 
mean cell volume declined from 18.3% (95% CI 15.5% to 21.1%) from 1995 to 2000 to 4.2% (95% CI 3.1% to 5.3%) from 
2002 to 2007.

Conclusion The 12.5% prevalence of  anemia (hemoglobin 
< 110 g/L) among Cree infants from 2002 to 2007 was much lower than 
the prevalence from 1995 to 2000 but somewhat higher than among 
nonaboriginal infants (8.0%). The low anemia prevalence among Quebec 
Cree infants after 2002 suggests that replacing universal screening with 
targeted screening of higher-risk infants needs to be considered following 
studies to identify risk factors for anemia.

Editor’s kEy points
• Since screening for anemia was initiated 
in the Cree region of Quebec, the 
prevalences of anemia and iron deficiency 
have declined considerably.

• Based on the current low prevalence of 
anemia, primary prevention efforts for 
iron deficiency should be emphasized in 
Cree communities in addition to secondary 
prevention efforts through population or 
targeted screening. 

• To prevent iron deficiency, mothers should 
be encouraged to exclusively breastfeed 
their infants for 6 months, and to then 
provide sources of bioavailable iron such 
as meat and iron-fortified infant cereals. 
Wild meats might be more culturally 
appropriate, available, and economical 
than infant cereals.
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Prévalence de l’anémie chez les nourrissons  
cris du Québec examinés entre 2002 et 2007  
par rapport à ceux examinés entre 1995 et 2000
Noreen Willows PhD David Dannenbaum MD CCFP Sophie Vadeboncoeur MD

Résumé
Objectif Déterminer si on doit poursuivre le dépistage de l’anémie chez les nourrissons de 9 mois de la région Cri du 
Québec, en comparant la prévalence de l’anémie observée lors du dépistage initial de 1995 à 2000 aux données de 
prévalence chez les nourrissons étudiés entre 2002 et 2007. 

Type d’étude Comparaison de la prévalence de l’anémie dans 2 enquêtes transversales. Les différences étaient 
jugées significatives si les intervalles de confiance à 95 % qui ne se chevauchaient pas. 

Contexte Neuf communautés cris du Québec. 

Participants Nourrissons ayant eu un dépistage pour l’anémie entre 1995 et 2000 (n = 716) ou entre 2002 et 2007 (n = 1325). 

Principaux paramètres à l’étude Le diagnostic d’anémie reposait sur la concentration de l’hémoglobine. Un 
volume érythrocytaire moyen de moins de 71 fL servait de critère pour une déficience en fer. 

Résultats Les nourrissons examinés entre 2002 et 2007 avaient une concentration moyenne d’hémoglobine 
de 7  g/L supérieure à celle de ceux examinés entre 1995 et 2000 (moyenne [déviation standard] 121 [11]  g/L 
c. 114 [11]  g/L. Entre 1995 et 2000, la prévalence d’anémie (hémoglobine < 110  g/L) était de 31,7 % (IC à 95 % 
28,3 % à 35,1 %) alors qu’entre 2002 et 2007, elle était significativement plus basse, soit 12,5 % (IC à 95 % 10,7 % 
à 14,2 %). En utilisant une concentration d’hémoglobine plus spécifique pour une anémie par déficience en fer 
(ADF) (hémoglobine < 100 g/L), 7,5 % (IC à 95 % 5,6 % à 9,4 %) des enfants 
examinés entre 1995 et 2000 avaient une ADF, alors que seulement 2,0 % 
(IC à 95 % 1,2 % à 2,8 %) de ceux examinés entre 2002 et 2007 avaient 
une ADF. En utilisant le volume érythrocytaire moyen, la prévalence de 
déficience en fer diminuait de 18,3 % (IC à 95 % 15,5 % à 21,1 %) entre 
1995 et 2000 à 4,2 % (IC à 95 % 3,1 % à 5,3 %) entre 2002 et 2007.

Conclusion La prévalence de l’anémie (hémoglobine < 110 g/L) de 12,5 % 
chez les nourrissons cris examinés entre 2002 et 2007 était beaucoup 
plus basse que celle observée entre 1995 et 2000, mais un peu plus haute 
que chez les nourrissons non autochtones (8,0 %). La faible prévalence 
d’anémie observée après 2002 chez les nourrissons cris du Québec laisse 
croire qu’on doit envisager de remplacer le dépistage universel par un 
dépistage centré sur les nourrissons à haut risque à la suite d’études 
destinées à identifier les facteurs de risque pour l’anémie.

points dE rEpèrE du rédactEur
• Depuis qu’on a instauré un dépistage de 
l’anémie dans la région cri du Québec, la 
prévalence de l’anémie et de la déficience 
en fer a beaucoup diminué.

• Étant donné la faible prévalence actuelle 
de l’anémie, on devrait concentrer les 
efforts sur la prévention primaire de la 
déficience en fer dans les communautés 
cris, mais aussi sur la prévention secondaire 
au moyen d’un dépistage universel ou ciblé.

• Afin de prévenir la déficience en fer, les 
mères devraient être incitées à nourrir leurs 
nourrissons uniquement au sein pendant 6 
mois, pour ensuite leur fournir des sources 
de fer bio-disponibles telles que la viande 
et les céréales pour nourrissons enrichies 
de fer. Les viandes  sauvages pourraient 
être culturellement plus appropriées, plus 
disponibles et plus économiques que les 
céréales pour nourrissons.
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Early childhood is a period of rapid growth with 
high iron requirements; consequently, iron defi-
ciency (ID) is the most prevalent nutrition problem 

among infants.1 Iron deficiency resulting in anemia in 
infancy is associated with impaired neurodevelopment 
and potentially irreversible changes in brain structure 
and function.2 Iron deficiency anemia (IDA) is a ser-
ious concern among aboriginal children in Canada and 
the United States.3,4 Dietary risk factors for anemia in 
aboriginal infants include bottle feeding with low-iron 
formula or cow’s milk, the absence of iron-rich com-
plementary foods after 6 months of age, and prolonged 
exclusive breastfeeding past 6 months of age.5-9

Given the psychomotor impairment, cognitive delay, 
and behavioural disturbances that can result from IDA, 
in 1994 the Canadian Task Force on Preventive Health 
Care recommended routine measurement of hemo-
globin (Hb) concentration among aboriginal infants 
between 6 and 12 months of age—optimally at 9 
months10—yet anemia screening is not routinely per-
formed in many aboriginal communities.11 Universal 
screening occurs in the Inuit communities of Nunavik 
and Nunavut (Dr Johanne Morel, e-mail communica-
tion, November 15, 2010) and in the Cree region of 
Quebec, where in 1995 the Cree Board of Health and 
Social Services of James Bay in Chisasibi, Que, insti-
tuted an anemia screening protocol for 9-month-old 
infants.

From 1995 to 2000, anemia prevalence among Cree 
infants in Quebec was 25% to 32%.7 A total of 22.7% 
had ID (serum ferritin < 10 µg/L) and 7.9% had IDA 
(Hb < 110 g/L and serum ferritin < 10 µg/L).12 Factors 
associated with anemia in cross-sectional studies were 
cow’s milk feeding, breastfeeding at the time of screen-
ing, suboptimal vitamin A status, chronic infections, 
lead exposure,7 and maternal anemia.13 The association 
between breastfeeding and anemia was likely owing to 
insufficient iron-rich complementary foods in infants’ 
diets; in 1 Cree community, 56% of infants aged 7 to 10 
months were estimated to consume inadequate dietary 
iron14 and, among infants screened for anemia, only 
15.1% ate meat daily and 28.5% never ate meat.7

Given the heightened awareness about infant 
anemia that results from screening, the condi-
tion is reviewed by health care professionals with 
infants’ caregivers through the Maternal and Child 
Health Program checklists and materials. As part of 
the regional Maternal and Child Health Program, the 
anemia screening protocol continued in 2011 and par-
ents who attended well-baby clinics with their infants 
were advised about healthy eating and the appropriate 
diet for infants to prevent IDA. The aim of the current 
study was to document if anemia prevalence and ID 
had declined among Cree infants since screening was 
initiated in 1995. The results would help the Cree Board 

of Health and Social Services of James Bay to decide 
whether to continue anemia screening. The data would 
also be useful in considering if the recommendation to 
universally screen aboriginal infants for anemia should 
be maintained.

MEthods

In the Cree region of Quebec, a complete blood count 
(CBC) to screen for anemia is done in community clin-
ics at an infant’s 9-month well-baby appointment. The 
screening protocol was initiated in 1995 and continues 
to the present day. Screening occurs at the 12-month 
appointment if the infant has a fever or infection at the 
9-month appointment, or if the appointment is missed 
at 9 months.

Laboratory results from anemia screening were in 2 
separate databases. One database contained Hb con-
centration and erythrocyte mean cell volume (MCV) val-
ues collected by reviewing medical charts of infants 
screened for anemia from January 1995 to February 
2000. The other database was a computerized download 
from the regional central laboratories, and included the 
Hb concentration and erythrocyte MCV of infants who 
had CBC evaluations from September 2002 to November 
2007. The 2 databases were analyzed independently. 
Infants with test results before 8 months of age, after 
12 months of age, or from the hospital ward or walk-in 
clinic setting were excluded from analysis.

Three Hb concentrations were used to estimate 
anemia prevalence in infants: a 110 g/L cutoff recom-
mended by the World Health Organization (WHO) for 
infants 6 to 12 months of age15; a 105 g/L cutoff that 
eliminates cases of “statistical anemia”16; and a 100 g/L 
cutoff more specific to IDA in 9-month-old breastfed 
infants.17 Erythrocytes less than 71 fL in size were con-
sidered evidence of low iron stores, and therefore evi-
dence of ID.17

Descriptive statistics were reported as means and 
standard deviations or means and 95% CIs. Because 
the anemia screening data from 1995 to 2000 and 2002 
to 2007 were in separate databases, nonoverlapping 
95% CIs were used to determine if results were different 
between the 2 time periods. Statistical analyses were 
performed using SPSS, version 17.0.

Ethics
The Directors of Professional Services of the hospi-
tal laboratories authorized the release of the elec-
tronic databases. The Research Committee of the Cree 
Board of Health and Social Services of James Bay and 
the Health Research Ethics Boards, Panel B and PER/
ALES/NS, at the University of Alberta gave approval 
for analysis of data.
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rEsuLts

The database containing anemia screening data for 
the years 1995 to 2000 included information for 716 
infants, representing 66% of infants who were eligible 
for screening in that time period. The database for the 
years 2002 to 2007 included information for 1325 infants 
who had CBC results, representing 76% of infants who 
were eligible for screening in that time period. Anemia 
prevalence, Hb concentration, and MCV for each time 
period are reported in Table 1. Mean Hb concentra-
tion from 2002 to 2007 was 7 g/L greater than that from 
1995 to 2000 (mean [standard deviation] 121 [11] g/L vs 
114 [11] g/L) and mean erythrocyte MCV was greater by 
3 fL from 2002 to 2007 than from 1995 to 2000 (mean 
[standard deviation] 78 [5] fL vs 75 [6] fL). The nonover-
lapping CIs show that anemia prevalence defined using 
each of the 3 Hb cutoffs (110 g/L, 105 g/L, and 100 g/L) 
declined significantly between 1995 to 2000 and 2002 
to 2007. The prevalence of ID (erythrocyte MCV < 71 fL) 
also declined significantly between the 2 time periods, 
according to the nonoverlapping 95% CIs.

discussion

Since screening for anemia was initiated in the Cree 
region of Quebec, the prevalences of anemia and ID 
have declined considerably. Using the WHO definition 
(Hb < 110 g/L),15 from 1995 to 2000 the prevalence of 
anemia was 31.7% whereas from 2002 to 2007 it was 

12.5%. The appropriate cutoff to define infant anemia 
is a matter of debate, particularly considering that mild 
anemia is not specific for ID.17 Hemoglobin concentra-
tion of less than 100 g/L is more specific to IDA than Hb 
concentration of less than 110 g/L.17,18 Using the 100 g/L 
cutoff, 7.5% of infants had anemia from 1995 to 2000 
whereas only 2.0% did from 2002 to 2007. A decline 
in ID is supported by a decrease in the prevalence of 
microcytic erythrocytes (MCV < 71 fL) from 18.3% to 
4.2% between the 2 time periods.

The WHO estimates that half of all cases of anemia 
in children are caused by ID,19 so it is likely that the 
decrease in anemia in Cree infants was the result of 
increased dietary iron intake.20 This might have been 
the consequence of dietary counseling at well-baby clin-
ics encouraging iron-rich complementary foods such as 
infant cereals and meats, and among bottle-fed infants 
the use of iron-fortified infant formula rather than cow’s 
milk. In addition, low-iron infant formula has been 
phased out by some companies since anemia screening 
was initiated in the 1990s.

Maternal iron sufficiency in pregnancy is import-
ant for ensuring infants’ normal hematologic develop-
ment postpartum.21 Maternal anemia is associated with 
anemia in Cree infants,13 and in nonaboriginal infants in 
Canada and elsewhere.22,23 Thus, a reduction in maternal 
ID could result in lower anemia prevalence in infants. 
Chronic and acute infections suppress Hb concentra-
tions in Inuit, First Nations, Alaska Native, Yupik, and 
Inupiat infants.5,24-26 A reduction in infections, or fewer 
infants with infections being screened for anemia as per 
protocol recommendations by the Cree Board of Health 
and Social Services of James Bay, would likely contrib-
ute to a lower anemia prevalence.12 

Recent data about anemia prevalence in aboriginal 
infants are sparse given that screening is inconsistent. 
One study done in northern Ontario and Nunavut from 
2001 to 2003 included infants aged 4 to 18 months from 
1 Inuit and 2 Cree communities. The 36% prevalence of 
anemia (Hb < 110 g/L)5 among these infants is almost 
triple the 12.5% prevalence of anemia (Hb < 110 g/L) in 
infants in the Cree region of Quebec from 2002 to 2007. 
The prevalence of anemia among Quebec Cree infants 
is only somewhat higher than the 8.0% prevalence of 
anemia (Hb < 110 g/L) among Canadian infants tested in 
the 1990s (the most recent prevalence data for infants in 
Canada).27 

There is no recommendation to routinely screen 
the general population of Canadian infants for anemia, 
and it is unlikely that the systematic screening of Cree 
infants in Quebec would detect enough cases of IDA to 
make it a useful strategy. Potential harms include false-
positive results, anxiety, and cost, as well as the small 
potential harms of treatment with oral iron.28 The US 
Preventive Services Task Force concluded in 2006 that 

table 1. Anemia prevalence, ID prevalence, Hb 
concentration, and erythrocyte MCV of infants in the Cree 
region of Quebec who were screened for anemia during 2 
separate periods (1995 to 2000 and 2002 to 2007)

SCREENING PERIOD

CHARACTERISTICS 1995 TO 2000 2002 TO 2007

Infants, N          716 1325

Mean (SD) infant  
age, mo

       9.5 (0.8)       9.4 (0.8)

Mean (SD) Hb, g/L        114 (11)      121 (11)

Anemia, % (95% CI)

• Hb < 110 g/L       31.7 (28.3-35.1)   12.5 (10.7-14.2)*

• Hb < 105 g/L     16.9 (14.2-19.7)      4.7 (3.6-5.8)*

• Hb < 100 g/L      7.5 (5.6-9.4)      2.0 (1.2-2.8)*

Mean (SD) MCV, fL         75 (6)         78 (5)

ID (MCV < 71 fL), % 
(95% CI)

      18.3 (15.5-21.1)       4.2 (3.1-5.3)*

Hb—hemoglobin, ID—iron deficiency, MCV—mean cell volume,  
SD—standard deviation.
*Significantly different from the values for the 1995 to 2000 screening 
period based on nonoverlapping 95% CIs.
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evidence is insufficient to recommend for or against rou-
tine screening for IDA in asymptomatic children aged 6 
to 12 months.28 Considering the pain, time, and expense 
of blood test screening for anemia in low-risk popula-
tions, such as Cree infants in northern Quebec, system-
atic screening of all infants could possibly be replaced 
by targeted screening aimed at early anemia detection 
in infants with risk factors for ID after 6 months of age. 
This is a more complicated approach than population 
screening, as it includes obtaining a health and dietary 
history of risk factors, such as prematurity, skin pallor, 
poor diet, chronic infections, and maternal anemia in 
pregnancy. In theory, this approach should reduce the 
total population of infants requiring screening to a much 
smaller one that contains most infants with anemia; 
however, the prevalence of the Cree infant population 
with 1 or more risk factors is unknown, meaning that 
a large proportion of infants might still be tested for 
anemia using targeted screening. Although it is pos-
sible that infants with more than 1 risk factor would be 
at higher risk of anemia than infants with a single risk 
factor, it is not clear which combination of risk factors 
would be the most specific to ID. Furthermore, the sensi-
tivity of individual or multiple risk factors to detect mild 
or moderate anemia in infants can be low.29,30

Psychomotor impairment caused by ID can be irrevers-
ible despite iron therapy.2 Thus, the prevention of the 
neurodevelopmental consequences of IDA might require 
the prevention of ID rather than the detection and treat-
ment of existing ID.28 Therefore, in Quebec Cree and 
other aboriginal communities there should be a focus 
on primary interventions for anemia prevention involv-
ing multiple health promotion activities that are mutually 
reinforcing. Strategies to improve the iron stores of 
newborns could include improving women’s access to 
nutritious foods before, during, and after pregnancy; 
encouraging pregnant women to take iron supplements; 
and delaying umbilical cord clamping at birth.1,31 Mothers 
should be encouraged to exclusively breastfeed their 
infants for 6 months, and to then provide sources of bio-
available iron such as meat and iron-fortified infant cer-
eals.32-34 Iron-fortified cereals are expensive to purchase 
in remote communities13; however, wild meats, many of 
which were and continue to be part of traditional aborig-
inal infant feeding practices,5,11,35,36 might be more cultur-
ally appropriate, available, and economical than infant 
cereals. For this reason, the use of both cereals and iron-
rich traditional meats should be encouraged. Although 
iron-fortified formula is an excellent vehicle for delivering 
iron and protecting aboriginal infants from anemia,6 sug-
gesting that aboriginal women formula-feed as a means 
to prevent infant anemia is inappropriate considering 
formula’s high cost,13 absence of immunologic factors,35 
association with excess weight gain in infancy,8 and 
potential to undermine breastfeeding.37 Although there 

are no data on anemia prevalence in young Cree chil-
dren, the prevalence of anemia is 16.8% (95% CI 12.0% 
to 21.6%) in Inuit children 3 to 5 years old,36 indicating 
that optimizing nutrition and reducing infections must 
continue following infancy to prevent early childhood 
anemia.

Strengths and limitations
This is the first study to report a change in anemia 
prevalence in an aboriginal infant population where sys-
tematic anemia screening was maintained over a long 
period of time. A limitation of the study is the possibil-
ity of selection bias introduced by the large number of 
infants who were not screened, or that the percentage 
of eligible infants who were screened increased over 
time. We also did not have the data required to examine 
why anemia prevalence declined among Cree infants, 
such as information on dietary iron intake, infection 
prevalence, or maternal iron stores during each infant’s 
gestation.

Conclusion
The prevalence of anemia and ID declined among Cree 
infants in Quebec since the initiation of anemia screen-
ing in 1995. Based on the current low prevalence of 
anemia, primary prevention efforts for ID should be 
emphasized in Cree communities in addition to sec-
ondary prevention efforts through population or tar-
geted screening. Nutrition education programs are 
required that consist of community-based communi-
cation strategies that promote a food-based approach 
to preventing ID and integrate local nutrition educa-
tors into well-baby care.14 In the Cree region of Quebec, 
further cohort studies to address variables affecting 
the prevalence of infant anemia should be considered 
to help identify patients who are the most vulnerable 
to anemia, and to document any future changes in 
anemia and ID prevalence. 
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