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The Prevalence and Risk Factors of Iron Deficiency Anemia
in Thai Infants by Complete Blood Count at 9-Month-Old

Pussayaban Suwannakeeree, MD?, Patraporn Jangmeonwai, MD?

1 Department of Pediatrics, Panyananthaphikkhu Chonpratan Medical Center, Srinakharinwirot University, Nonthaburi, Thailand

Background: Infants are the most at risk from iron deficiency (ID) and iron deficiency anemia (IDA), but the prevalence of the
latter in this group is unclear. Estimation as to the prevalence of IDA using Hb of less than 11 g/dL may have been exaggerated
due to thalassemia and hemoglobinopathies. On the other hand, iron studies are costly and not routinely available in low resource
settings. In the present research, the authors estimated the prevalence of IDA in 9-month-old infants at the authors’ well-baby
clinic by improving the post-iron-treatment criteria of Hb and defined the risk factors of IDA in infants.

Objective: To estimate the prevalence of IDA in 9-month-old infants at the well-baby clinic and to define the risk factors of IDA.

Materials and Methods: A retrospective cohort study of 391 children who had complete blood count (CBC) screening at 9-month-
old at the well-baby clinic. Anemia was defined according to the WHO criteria (hemoglobin of 11 g/dL or less for children aged six
months to five years). IDA was defined as an increase of at least Hb 1 g/dL after receiving iron treatment for one to two months.
Mean levels of hematological parameters were compared between groups using independent samples t-test. The characteristics
with potential risk factors for IDA were compared with iron non-responder and normal group. Multivariable adjusted odd ratios
and 95% confidence intervals (Cls) of IDA were calculated using multinomial logistic regression with control for risk factors.

Results: One hundred fourteen children (29.1%) were anemic. There was no difference between anemic and non-anemic children
in baseline characteristics. Seventy children in the anemic group were diagnosed with IDA. The prevalence of IDA in the present
study was 17.9%. The IDA group showed significantimprovement in Hb, Hct, MCV, MCH after receiving iron treatment, but there
were no significant changes in the iron non-responder group. The risk factor for IDA was exclusive breastfeeding for at least six
months (odds ratio 3.14, 95% CI 1.67 to 5.90, p<0.001).

Conclusion: The prevalence of IDA and anemia in the present study was 17.9% and 29.1%, respectively. The risk factor for IDA
was exclusive breastfeeding for at least six months.
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Iron deficiency anemia (IDA) is the most to brain structure development by impairing the

common nutrient deficiency worldwide. Infants are
the group most at risk from iron deficiency (ID) and
IDAU¥, In previous studies, ID in infants is related
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neurotransmitter system and myelination, affecting
long-term brain function after iron repletion>*9.
The Thai Ministry of Public Health has considered
anemia reduction to be a national goal since 19827
Complete blood count (CBC) screening of six to
twelve-month-old infants to detect anemia has been a
part of the policy. A large amount of CBC data existed
on Thai infants but limited data on the prevalence
of IDA in infants. According to the World Health
Organization (WHO) report in 2011, the prevalence
of anemia in Thai children aged 6 to 59 months was
29%, representing a moderate level of public health
significance®. A recent report from the International
Study of Asthma and Allergies in Childhood
(SEANUT) project, on the nutritional status of 3,119
Thai children aged from 0.5 to 12.9 years in 2013,
shows that the prevalence of anemia in children aged
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Data of 545 children with 9 months old were
selected from hospital administrative database at
well-baby clinic from January 1 to June 30, 2017
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v
Anemia defined by Hb <11 g/dL
(n=391)

154 children with incomplete data were excluded
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and followed-up with CBC at 1 to 2 months after treatment

Anemic group (n=114) received 4 to 6 mg of elemental iron/kg/day

Non-anemic group (n=277)
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4

IDA (n=70)
Increase Hb >1 g/dL within 1 to 2 months

Not response to iron treatment

(n=44)

v

Abnormal Hb typing (n=17)

Normal Hb typing (n=27)

Figure 1. Study flow chart.

IDA=iron deficiency anemia; CBC=complete blood count; Hb=hemoglobin

0.5t0 2.9 years and 3 to 5.9 years in Thai urban areas
were 26% and 3.1%, respectively®. There was no
data on the prevalence of IDA in children aged 0.5 to
2.9 years, although the prevalence of IDA in children
aged 3 to 5.9 years was only 2.5%®. The prevalence
of anemia in infants seems to be greater than in the
older group and the prevalence of anemia in children
is not represented that of the infants.

Hemoglobin (Hb) less than 11 g/dL or hematocrit
(Hct) less than 33% are the cut off values for anemia
in this age group, but there is no differentiation
between IDA, thalassemia, thalassemia traits, or other
hemoglobinopathies. The true prevalence of IDA is
difficult to define by Hb or Hct screening among Thai
children due to high prevalence of thalassemia disease
and hemoglobinopathies®!2.

In Thailand, children aged from 9 to 12 months
diagnosed with anemia are treated with 4 to 6
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mg/kg/day with ferrous for one to two months as
recommended by the Ministry of Public Health and
WHO®, Anemic children who have increasing Hb
of more than 1 g/dL will be diagnosed with IDA,
while those showing no improvement in Hb will
be investigated further through Hb typing or DNA
analysis for thalassemia.

In the present research, the authors estimated the
prevalence of IDA in nine-month-old infants at the
well-baby clinic by improving the post-iron treatment
criteria for Hb and defining the risk factors of IDA
in infants.

Materials and Methods

The present research was designed as a
retrospective cohort study, using data from a hospital
administrative database, as demonstrated by the flow
chart in Figure 1. The sample size of at least 300
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Table 1. Baseline characteristics of nine-month old infants at the well-baby clinic (n=391)

Characteristics Anemic group (n=114) Non-anemic group (n=277) p-value
Mean+SD Mean+SD
Sex; n 0.075
Male 51 152
Female 63 125
Body weight (kg) 8.40+0.99 8.52+0.97 0.280
Body length (cm) 70.29+ 7.16 70.60+4.91 0.620
Head circumference (cm) 33.50+0.70 33.04+1.04 0.19
Maternal age (years) 25.30+1.40 27.2+1.18 0.38
Exclusive breastfeeding for 6 months after birth; n (%) 46 (40) 48 (17) <0.001
Hb at 9 months (g/dL) 10.07+0.84 11.88+0.62 <0.001
Hct at 9 months (%) 31.27+2.17 35.57+3.01 <0.001
MCV (f) 66.02+8.36 73.40+5.00 <0.001
MCH (pg) 21.35+3.02 24.41+1.86 <0.001
MCHC (g/dL) 32.17+1.68 33.23+1.16 <0.001
RDW (%) 15.90+2.65 13.08+1.38 <0.001

SD=standard deviation; Hb=hemoglobin; Hct=hematocrit; MCV=mean corpus volume; MCH=mean corpuscular hemoglobin; MCHC=mean
corpuscular hemoglobin concentration; RDW=red cell distribution width

children was calculated by applying the n=Z?P(1-P)/
d? formula and p=0.26, based on the national reported
prevalence of anemia in children aged 0.5 to 3 years
old in urban areas, which was 26%. The data on
children were captured on a computerized database.
During the study period between January 1 and June
30, 2017, CBC screening was performed on 545
children aged 9 months old. Of these 545 children, 391
children were term and normal birth history became
the present research participants, having complete
information (body weight and length, duration of
exclusive breastfeeding, CBC at nine months, CBC
and red cell indices after iron treatment, and further
investigations). Anemia was defined according to
the WHO criteria (Hb of 11 g/dL or less for children
aged six months to five years). IDA is defined as an
Hb increase of at least 1 g/dL after receiving iron
treatment (4 to 6 mg of elemental iron/kg/day) for one
to two months. Hb typing was performed in children
with anemia who did not respond to iron treatment.

Approval to conduct the study was obtained from
the Ethics Committee of the Panyananthaphikkhu
Chonprathan Medical Center, reference number EC
004/60.

Statistical analysis

Statistical analysis was performed using Stata,
version 14 (StataCorp LP, College Station, TX, USA).
Continuous data were presented as mean + standard
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deviation (SD). Mean levels of hematological
parameters were compared between two groups
(anemia versus non-anemia, IDA versus iron non-
responders or between IDA and others) using compare
means with independent samples t-test. Comparisons
containing p-values of less than 0.05 were considered
statistically significant. The potential risk factor
characteristics for IDA: male gender, maternal age,
birth weight, body length, and exclusive breastfeeding
for six months were compared between the IDA, iron
non-responder, and normal groups. Multivariable
adjusted odd ratios and 95% confidence intervals
(CIs) of IDA, iron non-responder, and normal
(control) groups were calculated using multinomial
logistic regression with control for risk factors.

Results

One hundred fourteen children (29.1%) were
anemic. There was no statistically significant
difference between anemic and non-anemic children
in male gender, mean body weight, body length, head
circumference, and maternal age. Of the children in
the anemic group, 40% had a history of exclusive
breastfeeding for six months, which was significantly
greater than in the non-anemic group, 17% of whom
had exclusive breastfeeding (p<0.001). Significant
differences in Hb, Hct, and red blood cell indices
were observed between the anemic and non-anemic
groups, as shown in Table 1.
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Table 2. Red blood cell parameters pre- and post-iron therapy (n=114)

Iron deficiency anemia (n=70); mean+SD

Iron non-responder (n=44); mean+SD

Pre-iron treatment Post-iron treatment p-value* Pre-iron treatment Post-iron treatment p-value**
Hb (g/dL) 9.93+0.89 11.37+0.64 <0.001 10.09+0.86 10.25+1.14 0.59
Hct (%) 30.76x1.6 35.41+1.8 <0.001 31.17#2.7 31.9+3.2 0.30
MCV (fl) 66.02+8.39 70.08+6.5 0.002 64.59+8.85 64.57+9.2 0.99
MCH (pg) 21.53+3.18 22.72¥3.01 0.02 20.85+3.11 20.56+3.21 0.72
MCHC (g/dL) 32.23+1.94 32.02+1.64 0.49 32.39£1.67 31.98+1.56 0.23
RDW (%) 15.81+2.69 16.47+4.23 0.27 16.44+3.21 17.01+3.51 0.42

SD=standard deviation; Hb=hemoglobin; Hct=hematocrit; MCV=mean corpus volume; MCH=mean corpuscular hemoglobin; MCHC=mean
corpuscular hemoglobin concentration; RDW=red cell distribution width

* Comparison parameters between pre-iron treatment and post-iron treatment in the iron deficiency anemia group

** Comparison parameters between pre-iron treatment and post-iron treatment in the iron non-responder group

Table 3. Multivariable logistic regression for risk factors of IDA (n=391)

Risk factors IDA group Iron non-responder Non-anemic group
OR 95% CI p-value OR 95% CI p-value OR 95% CI
Sex: male 1.10 0.57 to 2.13 0.76 0.45 0.19 to 1.07 0.08 1 Reference
Exclusive BF for 6 months 3.14 1.67 to 5.90 <0.001 0.64 0.23to0 1.81 0.40 1 Reference
Body weight 0.87 0.59 to 1.28 0.49 0.88 0.56 to 1.37 0.57 1 Reference
Body length 1.03 0.93to 1.14 0.53 0.96 0.92to0 1.01 0.14 1 Reference
Maternal age 0.99 0.94 to 1.04 0.79 0.92 0.85to0 1.01 0.19 1 Reference

IDA=iron deficiency anemia; OR=o0dds ratio; Cl=confidence interval; BF=breastfeeding

Seventy children in the anemic group showed an
increase in Hb of at least 1 g/dL after iron treatment
were diagnosed with IDA according to the WHO
definition. IDA in the present study was prevalent in
70 out of 391 children (17.9%). Children who showed
no increase in Hb after iron treatment were defined
as being in the iron non-responder group. All of them
were tested for thalassemia by Hb typing, and 17 out
of 44 (40%) were found to have abnormal Hb typing
such as beta-thalassemia with Hb E, homozygous
Hb E, and Hb H disease. The IDA group showed
significant improvement in Hb, Hct, mean corpus
volume (MCV), and mean corpuscular hemoglobin
(MCH) after receiving iron treatment, although
there were no significant changes in the average Hb,
Hct, MCV, MCH, mean corpuscular hemoglobin
concentration (MCHC), and red cell distribution
width (RDW) in the iron non-responder group as
shown in Table 2.

The children were grouped into three levels,
normal, IDA, and iron non-responder, based on CBC
screening at the well-baby clinic, and CBC for follow
up after receiving 4 to 6 mg of elemental iron/kg/day
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for one to two months. The risk factors for IDA were
analyzed using multinomial logistic regression and
presented with odds ratios. The three groups were
similar in gender, body weight, and body length at
age 9 months, and maternal age (Table 3). The risk
factor for IDA was exclusive breastfeeding for at least
six months (odds ratio 3.14, 95% CI 1.67 to 5.90,
p<0.001) (Table 3).

Discussion

Iron studies are costly and not routinely available
in low resource settings. The methods used are
expensive and time-consuming. Furthermore,
multiple venous blood sampling in infants causes
significant pain and stress for children and their
parents. For these reasons, the prevalence of IDA
in Thai children under one year old is not actually
known. In the present study, the authors estimated
the prevalence of IDA in infants using a therapeutic
iron trial.

In the present study, the prevalence of anemia
(Hb of less than 11 g/dL) was 29.1%, similar to the
report in children aged between 0.5 to 2.9 years of
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the SEANUT (26%)®. More than half of the anemic
infants had IDA (70 out of 114, 61.4%), and the
prevalence of IDA in the present study was 17.9%.
The prevalence of IDA in the present study was lower
than that contained in a 2007 study in South-East Asia,
which reported a prevalence of 26%"¥ but higher
than those in South Korea (11%)(3), Japan (4%), and
New Zealand (4.3%)">'9. Improving Maternal-child
health care system might be an important factor for
decreasing the prevalence of IDA compared with
the last decade. Pregnant women have free access to
continuum of care including antenatal care, delivery,
and postpartum care at public hospitals. Once the child
is born, these well-child checks will begin at well-
baby clinic. Each child receives regular check-ups
from health personnel, and their parents is educated
in breastfeeding and nutrition.

In anemic infants, the red cell indices are unable
to differentiate between the IDA and iron non-
responder groups. There are no discrimination indices
that can differentiate between IDA and thalassemia
traits!'”!?. IDA infants in the present study might be
IDA alone or coexisting with the thalassemia trait.
They also have lower means MCV and MCH after iron
treatment than reference range red blood cells indices
in normal Thai children (reference range versus the
study, MCV 80 versus 70 fl, and MCH 27 versus 23
pg)?®. In post-iron treatment, red cell indices were
not significant changed in the iron non-responder
group while significant MCV and MCH increased
were observed in the IDA group.

The present study data showed that more infants
in the anemic group were exclusively breastfed for six
months than in the normal group (40% versus 17%,
p<0.001) as shown in Table 1. The risk factor for IDA
in the present study was exclusive breastfeeding for
at least six months (odds ratio 3.14). This result is
similar to that of a study conducted in 2005 on 140
Thai infants aged from 9 to 12 months, in which the
adjusted risk ratio of IDA for exclusive breastfeeding
was 6.3 (95% CI 1.5 to 25.0)@Y, Many previous
studies have shown that exclusive breastfeeding for
infants aged over six months to be associated with
an increased risk of IDA, especially in developing
countries such as Brazil®?, Nigeria®, and Iran®*.
An observational study in 2007 investigated the
relationship between iron status in infancy and type
of milk. The present study reported breastfed infants
had a greater risk of anemia and low levels of ferritin
at 8 and 12 months of age (risk ratio 1.55, p=0.009
and 1.73, p=0.006 at 8 and 12 months, respectively)®.
Excessive feeding of any kind of milk, which is more
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than 600 mL/day or six breastfeeds or more, in the
second six months of life could decrease the energy
and iron intake from solid food.

The limitations of the present study involved a
lack of standards and confirmation of iron present in
blood tests for nine-month-old infants. However, the
prevalence of IDA in infants has been estimated by a
therapeutic trial of iron and considered sufficient to
evaluate the magnitude of the problem.

Furthermore, the present study was based on
a retrospective survey of medical records, and
consequently, there is lack of information regarding
prenatal maternal anemia status, maternal gravida, as
well as the amount and type of complementary food.
The iron-taking compliance in anemic group who
were prescribed 4 to 6 mg of elemental iron/kg/day,
was probably not evaluated precisely. For this reason,
some of iron non-responder children might be IDA
with poor iron-taking compliance.

Most infants in the present study were considered
to be in the low to medium socioeconomic family
status, with their medical expenses covered by
universal health care by the Thai government.
Therefore, the results of the present study may not be
applicable to all socioeconomic groups. A prospective
and well-planned risk assessment study of IDA in
infants and young children is important to control
its prevalence.

Conclusion

The prevalence of IDA in the present study was
17% (70 out of 391 children). The risk factor for IDA
was exclusive breastfeeding for at least six months
(odds ratio 3.14, 95% CI 1.67 to 5.90, p<0.001).

What is already known on this topic?

ID in infants relates to developing brain structures
and affects long-term brain function. Infants are the
most at risk from ID and IDA.

What this study adds?

In this study, the prevalence of IDA in infants
is much more than of the older children. The risk
factor for IDA is exclusive breastfeeding for at least
six months.

Conflicts of interest
The authors declare no conflict of interest.

References

1. Mireku MO, Davidson LL, Boivin MJ, Zoumenou R,
Massougbodji A, Cot M, et al. Prenatal iron deficiency,

] Med Assoc Thai | Vol.103 | No.9 | September 2020



10.

I1.

12.

13.

neonatal ferritin, and infant cognitive function.
Pediatrics 2016;138:¢20161319.

Tamura T, Goldenberg RL, Hou J, Johnston KE, Cliver
SP, Ramey SL, et al. Cord serum ferritin concentrations
and mental and psychomotor development of children
at five years of age. J Pediatr 2002;140:165-70.

Joo EY, Kim KY, Kim DH, Lee JE, Kim SK. Iron
deficiency anemia in infants and toddlers. Blood Res
2016;51:268-73.

Georgieff MK. The role of iron in neurodevelopment:
fetal iron deficiency and the developing hippocampus.
Biochem Soc Trans 2008;36:1267-71.

Arroyo P, Pardio J, Loria A. Special issue: Iron
deficiency and iron deficiency anemia in early infancy;
etiology, consequences, prevalence, and prevention.
Foreword. Nutr Rev 2011;69 Suppl 1:S1-2.

Stiles J, Jernigan TL. The basics of brain development.
Neuropsychol Rev 2010;20:327-48.

World Health Organization. Iron deficiency anaemia:
assessment, prevention and control: A guide for
programme managers. Geneva, Switzerland: WHO;
2015.

McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist
B. Worldwide prevalence of anaemia, WHO Vitamin
and Mineral Nutrition Information System, 1993-2005.
Public Health Nutr 2009;12:444-54.
Rojroongwasinkul N, Kijboonchoo K,
Wimonpeerapattana W, Purttiponthanee S, Yamborisut
U, Boonpraderm A, et al. SEANUTS: the nutritional
status and dietary intakes of 0.5-12-year-old Thai
children. Br J Nutr 2013;110 Suppl 3:S36-44.
Sanchaisuriya K, Fucharoen S, Ratanasiri T,
Sanchaisuriya P, Fucharoen G, Dietz E, et al.
Thalassemia and hemoglobinopathies rather than
iron deficiency are major causes of pregnancy-related
anemia in northeast Thailand. Blood Cells Mol Dis
2006;37:8-11.

Sukrat B, Suwathanapisate P, Siritawee S, Poungthong
T, Phupongpankul K. The prevalence of iron deficiency
anemia in pregnant women in Nakhonsawan, Thailand.
J Med Assoc Thai 2010;93:765-70.

Pansuwan A, Fucharoen G, Fucharoen S, Himakhun
B, Dangwiboon S. Anemia, iron deficiency and
thalassemia among adolescents in Northeast Thailand:
results from two independent surveys. Acta Haematol
2011;125:186-92.

Bureau of Nutrition Department of Health, Ministry
of Public Health. A guide for prevention and control
for iron deficiency anemia [Internet]. 2013 [cited 2017
Mar 15]. Available from: http://www.kkpho.go.th/i/
index.php/component/attachments/download/135.

] Med Assoc Thai | Vol.103 | No.9 | September 2020

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Wieringa FT, Berger J, Dijkhuizen MA, Hidayat A,
Ninh NX, Utomo B, et al. Sex differences in prevalence
of anaemia and iron deficiency in infancy in a large
multi-country trial in South-East Asia. Br J Nutr
2007;98:1070-6.

Soh P, Ferguson EL, McKenzie JE, Homs MY, Gibson
RS. Iron deficiency and risk factors for lower iron
stores in 6-24-month-old New Zealanders. Eur J Clin
Nutr 2004;58:71-9.

Watanabe T, Asai Y, Koyama N, Kawabe T. The
prevalence of iron deficiency anemia among 6- to
18-month-old children in Japan. Nihon Koshu Eisei
Zasshi 2002;49:344-51.

Nalbantoglu B, Giizel S, Biiyiikyalgin V, Donma
MM, Giizel EC, Nalbantoglu A, et al. Indices used in
differentiation of thalassemia trait from iron deficiency
anemia in pediatric population: are they reliable?
Pediatr Hematol Oncol 2012;29:472-8.

Demir A, Yarali N, Fisgin T, Duru F, Kara A.
Most reliable indices in differentiation between
thalassemia trait and iron deficiency anemia. Pediatr
Int 2002;44:612-6.

Pornprasert S, Thongsat C, Panyachadporn U.
Evaluation of Applying a Combination of Red Cell
Indexes and Formulas to Differentiate -Thalassemia
Trait from Iron Deficiency Anemia in the Thai
Population. Hemoglobin 2017;41:116-9.

Viprakasit V, Suwanthol L, Sangpraypan T, Glomglao
W, Utto W, Veerakul G. Hematological parameters
and red blood cell indices in healthy Thai children: a
revision for 2005. J Med Assoc Thai 2005;88 Suppl
8:5188-96.

Tantracheewathorn S, Lohajaroensub S. Incidence and
risk factors of iron deficiency anemia in term infants.
J Med Assoc Thai 2005;88:45-51.

Marques RF, Taddei JA, Lopez FA, Braga JA.
Breastfeeding exclusively and iron deficiency anemia
during the first 6 months of age. Rev Assoc Med Bras
(1992) 2014;60:18-22.

Buck S, Rolnick K, Nwaba AA, Eickhoff J, Mezu-
Nnabue K, Esenwah E, et al. Longer breastfeeding
associated with childhood anemia in Rural South-
Eastern Nigeria. Int J Pediatr 2019;2019:9457981.
Dalili H, Baghersalimi A, Dalili S, Pakdaman F,
Hassanzadeh RA, Abbasi KM, et al. Is there any
relation between Duration of breastfeeding and
anemia? Iran J Ped Hematol Oncol 2015;5:218-26.
Hopkins D, Emmett P, Steer C, Rogers I, Noble S,
Emond A. Infant feeding in the second 6 months of
life related to iron status: an observational study. Arch
Dis Child 2007;92:850-4.

896



