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Abstract

Background—Despite the body of literature that links anemia with poorer cognition in children
and the evidence that the severity of the effects of anemia on children’s cognition vary in different
populations, few studies have investigated the effects of anemia on the cognitive development of
Chinese children.

Study Design—This longitudinal cohort includes 171 children from a developing region of
China. Hemoglobin and iron levels were taken when the children were 4 years old. At age 6, the
children’s cognition was tested with Chinese WPPSI. Psychosocial information was also used in
analyses.

Results—Results showed that the children who had low Hb levels had significantly lower scores
in P1Q, but not VIQ. Although blood Fe levels were not shown to moderate the link between
hemoglobin levels and 1Q, we found children who performed the best on IQ tests exhibited low
iron levels concurrent with high hemoglobin levels, whereas the group who performed the worst
exhibited high iron but low hemoglobin levels. We also found that psychosocial adversity did not
differ significantly between children who had normal or low hemoglobin levels, although the
effect of hemoglobin on PIQ became only suggestive after controlling for psychosocial adversity,
therefore the relationship is not causal but only a suggestive association.

Conclusion—Our findings are in agreement with literature on the negative effects of anemia on
children’s cognition and point to the possibility that the portions of the brain associated with P1Q
components are particularly affected by low Hb during crucial periods of development.

Keywords
anemia; Chinese children; cognition; hemoglobin; intelligence; iron; performance 1Q; verbal 1Q

Introduction

Despite the widespread research and intervention efforts in place for the past decades,
anemia still remains one of the most prevalent nutritional deficiency disorders in the world
today, particularly in pregnant women and young children. According to a recent study?,
children living in developing countries such as Southern Asian and Africa are particularly
affected, especially within the age group of 5 years and below. An estimated 30-80% of pre-
school children in developing countries were anemic at age 1 year2. Anemia is the condition
of less than the normal quantity of blood hemoglobin and poses a significant threat to

"Corresponding Author: Jianghong Liu, PhD, Assistant Professor, Schools of Nursing and Medicine University of Pennsylvania, 418
Curie Blvd., Room 426, Claire M. Fagin Hall Philadelphia, Pennsylvania 19104-6096, Tel: (215) 898-8293, jhliu@nursing.upenn.edu.
Co-first authors



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Aietal.

Page 2

physiological and psychological health. This is due to decreases in oxygen availability to the
body, including tissues and major organs, such as the brain. As a result, there are many
symptoms associated with anemia, include both physiological ones, such as cerebrovascular
infarction (stroke), and psychosocial ones, such as decreased cognitive abilities and adverse
behavioral outcomes because of impairments in normal brain functions.

The most studied causes of anemia are iron deficiency anemia (IDA) and sickle cell anemia.
IDA is the most common type of anemia in the world3 and is caused, as its name suggests,
by low levels of iron. Iron serves as the catalytic component of the oxygen-binding portion
of hemoglobin (Hb), the iron bearing protein in red blood cells. Insufficient levels of iron
leads to catalytically non-functional Hb cells, which in turn leads to hypoxia throughout the
body. However, the relationship between anemia and child development is not entirely
straightforward. Studies have shown that excess Fe deposits in the brain can lead to
abnormalities in lipid oxidation in both laboratory rodents® and in cultured human brain
cells®, which is accompanied by decreased learning and motor activities and abnormal
neurobehavioral functions® 6. Although no single test exists to test for IDA, the CDC has
published guidelines for tests to diagnose IDA, including serum ferritin levels <15ug/L,
serum transferring receptor concentration >8.5 mg/L, mean cell volume <16%, and red cell
distribution width >14%, along with low Hb levels (varies across age groups but averages
around 12 g/dL for the majority of the population)’. Sickle cell anemia, on the other hand, is
an autosomal recessive Hb disorder caused by a homozygous condition of the sickle-shaped
Hb allele, which distorts the shape of red blood cells and prevents them from properly
carrying oxygen. Diagnosis for sickle cell anemia pertains to laboratory measures to identify
the presence of sickled red blood cells. Other forms of anemia include, vitamin deficiency
anemia, thalassemia, and aplastic anemia, among others.

A wide body of evidence has linked anemia with poorer performance on cognitive and
motor measure in infants, children, and adolescents® 9, sometimes even after receiving
treatments as young children0 11, The effects of anemia are particularly marked during
infancy and early childhood since they are periods of significant growth and development of
the central nervous system. As exhibited in numerous animal studies, infancy and early
childhood are periods during which major development of large portions of the
hippocampus and cortical regions, as well as myelin, dendrite, and synapse formation take
place throughout the braine2: 13, Disrupting these processes can lead to poorer development
in spatial learning and memory14. Many studies in the past few decades have shown that
anemic children suffer from a wide range of cognitive developmental deficits. Lozoff et al.1®
found that at Hb levels < 10 g/dL, a decline in mental development was observed in human
infants and motor development concurrently decreased at Hb levels < 10.5 g/dL. Hb levels
have also been found to be positively correlated to various aspects of cognitive functions in
preschool childrenl8, adolescents!?, and adults18.

It is widely known that the extent and severity of the negative effects of anemia on
children’s cognitive development can vary in different populations® 8. However, to our
knowledge, there has only been one other studyl? investigating the association between
anemia and the development of Chinese pre-school children. Compared to the controls,
children who suffered from IDA at infancy exhibited behavioral anomalies, including less
positive effects and more passive behavior at pre-school age. No 4 study to date has
investigated the effects of anemia on the neuro-cognitive development in Chinese children.
In this paper, we explore the relationship between Hb level and cognition in pre-school age
children in a developing region of China. We hypothesize that hemoglobin levels are
positively associated with cognition in Chinese pre-school children. We also believe our
study will contribute to the literature by adding to the existing body of studies on the effects
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of anemia on children across the world, especially in affected regions of developing
countries.

Methods

Study site and participants

The current study was part of a larger population-based community cohort study of 1,656
Chinese children (55.5% boys, 44.5% girls). Initially recruited in the spring of 2005, the
children were from four preschools in the town of Jintan, located in the southeastern coastal
region of Mainland China. Detailed sampling and research procedures of this larger cohort
study are described elsewhere?0. Briefly, the China Jintan Child Cohort Study is an on-going
prospective longitudinal study with the main aim of assessing early health risk factors for
the development of child neurobehavioral outcomes. This location was chosen because, as a
rapidly developing small city, Jintan offers a wide range of industrialization and
socioeconomic development within a reasonably geographically contained population.

The current sample consists of 171 six year-old Chinese children (55.6% boys and 44.4%
girls.). Written informed consent was obtained from the parents. Institutional Review Board
approval was obtained from both the University of Pennsylvania and the ethical committee
for research at Jintan Hospital in China.

Blood Hb levels and serum Fe status at age 4 years

Hb level: blood specimens were collected successively in the fall of 2004 by trained
pediatric nurses using a strict research protocol to avoid contamination. Approximately 0.5
mL of venous blood was collected in lead-free EDTA tubes and tested at Jintan Maternal
Child Health Center. Blood Hb concentration was measured using a 7-22 photoelectric
colorimeter. Low Hb levels are defined to be <12 g/dL2 for children in this group, who are
4-6 years old at the time of assessment.

Felevel: blood specimens were frozen and then shipped to the Child Development Center,
China Nanjing Medical University, for serum iron (Fe) analysis. Specimens remained frozen
at —20°C until analysis. Whole blood concentrations of serum Fe were determined by atomic
absorption spectrophotometry (BH model 5.100 manufactured by Beijing Bohu Innovative
Electronic Technology Corporation), with duplicate readings taken with an integration time
of two seconds. The reliability and validity of the analysis and the detailed analytical
procedures have been described previously?2,

It should be noted, at this point, that our study does not include the assessment of IDA,
which should include at least three indicators of low Fe, e.g. serum ferritin, serum
transferring receptor concentration, mean cell volume, or red cell distribution width. Rather,
we assessed serum Fe levels to be used as an approximate indicator for overall Fe status.
Using measurements established previously with this cohort23, low Fe levels are defined to
be <7.5pg/dL.

IQ Assessment at age 6 years

The 1Q data were collected in spring of 2007, when the children were 6 years old and in
their last year of preschool (equivalent of Western kindergarten). The children were tested
with the Chinese version of the Wechsler Preschool and Primary Scale of Intelligence
(WPPSI)24, which was standardized in China in 19882% 26 and has been shown to have good
reliability in Chinese children?>-28, The WPPSI consists of 10 subtests. Five of these make
up a Verbal 1Q (Information, Comprehension, Arithmetic, Vocabulary and Similarities) and

Pediatr Int. Author manuscript; available in PMC 2013 October 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Aietal.

Page 4

another five comprises the Performance 1Q (Object Assembly, Geometric Design, Block
Design, Mazes and Picture Completion).

The reliability and validity of the analysis and the detailed analytic procedure have been
described previously??-31, Complete data on both the blood Hb and 1Q variables were
available on 145 subjects.

Psychosocial Adversity

Socio-demographic information was collected at the same time as the blood samples when
the children were at age 4. The data was obtained from a parental questionnaire which
included information on the child’s gender, age, mother’s and father’s education, mother’s
and father’s health, birth complications during pregnancy, parental marriage status, mother’s
and father’s occupation, caregiver details, house size or family size, and living condition.
For reasons previously discussed?3, we did not include information on family income as a
part of psychosocial adversity measurement, but used house and family sizes instead.
Parents filled out the socio-demographic questionnaire during their meetings at the pre-
schools. Although the questionnaires were self-administered, research assistants were on-site
to assist the parents in filling out the forms.

These demographic indicators are grouped together and referred to collectively as “social
adversity” in future analyses. A total psychosocial adversity score was created by adding 1
point for each of the 11 variables mentioned above (excluding the child’s gender and age).
Complete data for this variable was available on 145 of the children at Age 4.

Representativeness of Groups

At age 4 years, 145 children had complete data on all independent and dependent variables.
This group was compared with those without complete data (n=46) on key demographics,
gender, and psychosocial adversity. We did not observe significant differences in the group
with and without complete data for gender (le =1.098, p = 0.296) or psychosocial
adversity (t144=0.860, p = 0.932). Consequently, the subsamples used were representative of
the larger sample.

Statistical Analysis

To test for the effects of low Hb on 1Q, univariate analysis of variance (ANOVA) was
conducted using IBM SPSS 19 (IBM Corporation 2010). Descriptive statistics (mean and
standard deviation) on all measured key variables are presented in Table 1, along with
results from Chi-squared correlation analyses among the variables.

Hb levels are classified into three groups with cutoffs at the 25M and 75! percentiles. The
three-group classification was used instead of the two-group (low-Hb/normal-Hb with cutoff
of 12 g/dL2) to better understand the link between Hb and 1Q, since our sample size was
relatively small (171 children overall). ANOVAs aimed to assess which one of the 1Q
components was particularly related to Hb.

Our preliminary analyses showed that there is no significant difference in psychosocial
adversity between children with normal and low Hb levels (see Table 2). However, to ensure
clarity of the results, psychosocial adversity was still entered into analyses as a confounding
variable. Gender and Fe status were also entered individually into analyses as interactive
independent variables to assess moderation effects. Two-tailed tests of significance were
used throughout the analyses and significance was defined as a < 0.10.
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Effect of Low Hb

Mean (SD) 1Q scores for each of the 3 Hb groups is given in Table 3. Ad-hoc Tukey tests
indicate that significant group differences exist for PIQ (p=0.090) among different Hb
groups. Furthermore, it can be observed that at the general trend exists that children who
have lower Hb levels also had lower 1Q scores. When each of the 10 subtests of the WPPSI
was examined individually, we found that the mazes subtest to be significantly associated
with Hb levels (F2 144 = 3.455, p = 0.034). ANOVA results (Table 4) indicate that low Hb
at age 4 showed a significant main effect on PIQ, but not VIQ.

Effect Moderators

When serum Fe is entered as a moderator variable in the analyses, ANOVA results did not
indicate that any significant main effects or interaction effects between Fe and Hb levels at
Age 4. Nevertheless, we did find some interesting trends that children who performed the
best on all 1Q scales concurrently had high Hb and low Fe, whereas the children who
performed the worst had low Hb and high Fe levels.

There were no moderator effects for gender when entered alongside Hb grouping into
ANOVA analyses in any of the 1Q scores at any time.

Confounding Variables

When social adversity was entered as a confounding variable in the analysis, ANOVA
results indicated that adversity had a significant effect on VIQ, but not PIQ. However, after
controlling for social adversity, the main effect in Hb levels on PIQ became suggestive

(F2, 142 = 1.976, p = 0.123) but still close to significance.

Discussion

The first key finding of our study is that low Hb levels are associated with low P1Q, but not
VI1Q in Chinese pre-school children. Furthermore, we observed the trend in our data that the
children with low Hb levels at ages 4 years generally have lower 1Q scores. However, it
should be noted again that the associative relationship between P1Q and hemoglobin levels
became only suggestive after controlling for social adversity and that the relationship is not
causal. These findings are concurrent with established trends in the literature, which show
cognitive achievement to be positively correlated with Hb levels 16-18.32-37 These findings
also point to the possibility that the portions of the brain associated with PIQ components,
i.e. spatial memory, visual-perceptual abilities, and psychomotor skills, are particularly
affected by low Hb during crucial periods of development in early childhood.

Although the association between Hb-levels and PIQ became only suggestive after
controlling for social adversity, the results still warrant discussion. The social adversity
variable itself is only significantly associated with VIQ, not PIQ (see Table 4), indicating
that social adversity confounds V1Q much more strongly than P1Q. This also suggests that
the development of verbal cognition is more susceptible to the influence of socio-economic
factors. Indeed, it is not hard to postulate why children’s verbal development is more
dependent on the psychosocial environment since children’s primordial acquisition of verbal
skills come from their surrounding environment. It is entirely possible that parents who are
better educated have a better understanding of how to provide good child care, including
ample early verbal communication and stimulating the child with other forms of social
bonding. It is also possible that parents who are economically better off have the resources
to provide their children with consistent and higher quality care from third-party providers,
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e.g. nannies and day cares. Indeed, research as early as 1984 has found that the overall
quality of care was a predictive measure of language development in toddlers, wherein
verbal interaction with caregivers was an important determinant of language skill38. A more
recent study of 501 pre-K children in the US found that a majority of children who lived in
poverty showed decrements in language but no other domains of cognition3°. This finding
was echoed in another study which found that, controlling for variance due to family factors,
both day care quality and the environment, predicted a significant portion of the variance in
children’s language development but not their cognitive development?©. In conclusion, our
finding that VIQ is particularly influenced by socio-economic factors is not surprising and
indeed has been echoed in literature for many years in numerous studies. However, it should
be noted that since psychosocial adversity is a third-variable that serves as a common cause
of both Hb levels and VIQ in our data, no conclusions about causality can be made in this
current paper regarding the relationship between Hb levels and VIQ.

The second key finding in our study is that children who performed best on 1Q tests at age 6
exhibited low Fe levels concurrent with high Hb levels at age 4, whereas the group who
performed the worst exhibited high Fe but low Hb levels. Similar findings have also been
reported in a study of school-age children in Thailand*L. In another study in Alabama on
fetal Fe status and 1Q in children at age 542, it was reported that children with moderate
serum ferritin levels performed better than children with either very low or very high serum
ferritin levels. A possible explanation for this may be that excess Fe in the body has been
shown to cause adverse effects. As our study directly measures the excess Fe in the body, it
is reasonable that in our data, children who have a lot of serum Fe but not enough Hb
perform the worst due to the compounded negative effects of high serum Fe and low Hb.
Conversely, children who have very little excess Fe and high Hb performed the best due to
the compounded positive effects of low serum Fe and high Hb. Though we did not observe a
dose-response relationship between Hb levels and cognitive function in children with low Fe
levels as previously reported®!, we did observe an overall trend that children who perform
the best were those with high Hb and low serum Fe levels.

It is unclear exactly what is the cause of low Hb levels for those children who exhibited it in
our study. Indeed, children with low Hb levels did not exhibit statistically lower Fe levels.
While not directly investigated in this paper, it is possible that low Hb levels are a
manifestation of various malnutrition. In recent years, an increasing body of evidence has
indicated a link between malnutrition and cognitive impairments in children8: 35 43-45,
which has been supported by animal studies investigating the effects of early malnutrition on
brain structure and learning abilities#6-50. In addition to IDA, there exist other forms of
anemia associated with nutritional deficiency, namely folate deficiency anemia and vitamin
B1, deficiency anemia.

Folate deficiency anemia, otherwise known as megaloblastic anemia, occurs when diet does
not provide the body with sufficient folic acid to produce healthy, functional erythrocytes.
Vitamin By, deficiency anemia can occur for a variety of reasons, including Crohn’s
disease, bacteria growth in the small intestine, and the body’s self-destruction of the
stomach’s vitamin B, absorbing cells (as in the case of pernicious anemia). However, the
roles that folic acid and vitamin B1, deficiency play in cognitive development are not
straightforward. For example, in a large scale 2007 study,>! subjects with low vitamin By,
high serum folate was associated with anemia and cognitive impairment. However, at
normal vitamin By, levels, high serum folate was associated with protection against
cognitive impairment. The examination of the precise cause of anemia in our subjects is
beyond the scope of the present paper; such an exploration would make interesting grounds
for future studies.
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The mechanism by which low Hb levels influence cognitive development is not clearly
understood. However, there have been a number of studies which point to neurological
pathways by which anemia can adversely affect the development of the central nervous
system. Children who were anemic at infancy exhibited decreased myelination in the
auditory and visual systems of the brain®2 as well as alterations in neurotransmitter
functions, particularly in the dopamine system®3: 54 and the hippocampus'®: 14, which can
then be linked to decreased cognitive reasoning abilities. It has also been previously reported
that low Hb levels in 2-year old Chinese children were correlated with incidents of IDA at
10 months!®. This suggests that the adverse developmental outcomes could be in fact the
result of infant IDA, to which low Hb levels in early childhood could be only a symptom of.
Unfortunately we do not have the data in our study cohort to test this hypothesis.

Limitations

There are several limitations of this study which must be addressed. Firstly, our sample size
of available Hb status is relatively small and thus few conclusions regarding the significance
in observed trends could be made. Though our results seem to fit the established trend of the
correlation between Hb levels and cognition in other literature, our conclusions can only be
suggestive at best due to the statistical constraints of the small sample size.

Secondly, despite the fact that the main effect of Hb was significant in PIQ, after controlling
for social adversity, the association became only suggestive (p = 0.123), though still close to
significance. This finding is important because it points to the possibility that children’s high
1Q is a result of good socio-economic standing of the parents. This immediately brings forth
two possibilities for the source of this relationship: 1) parents who are better off socio-
economically can afford better child-rearing resources, and 2) the family’s socio-economic
status is a proxy for the parents’ 1Q, which in turn predicts the children’s 1Q through
genetics. Unfortunately, we do not currently have cognitive data on the parents of this study.
A more in-depth investigation of the association between socio-economic status and
children’s 1Q which looks more specifically at the role parental 1Q may play in the
relationship can be the premise of an intriguing study in the future.

Thirdly, we used serum Fe as indicators of Fe status. Although an adequate measure, better
indicators would have been serum ferritin and/or serum transferring receptor as serum Fe
may be more accurate indicators of Fe stores than true Fe status.

Lastly, we did not take inflammation into account, which might have caused a negative bias
in measured serum Fe levels. In future studies, we should take care to measure and adjust for
bioindicators of infections, such as C-Reactive Protein and alpha 1-acid glycoprotein.

Conclusions

In conclusion, this prospective longitudinal study included s 2 biomarkers (blood Hb and
serum Fe levels) at age 4 and 2 indicators of 1Q at age 6. Despite the limitation of the small
sample size, the main finding of our study provides evidence that Hb levels in early
childhood is positively associated with P1Q, but not VIQ, in Chinese children later at pre-
school age of 6 years. Hb levels were not found to be significantly different between
children of different psychosocial adversity levels, although the effect of Hb on PIQ became
only suggestive after controlling for psychosocial adversity. Furthermore, the Hb-1Q
relationship was not found to be moderated by gender or serum Fe levels. Our main finding
is in agreement with the existing literature on the effects of anemia on children’s cognitive
development. Our study is also one of the only two studies to date that quantitatively
examine the effects of anemia in Chinese children.
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