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Abstract
Objective: The association of Fe metabolism with obesity in children remains
unclear. The present study aimed to assess the status of Fe metabolism parameters,
the prevalence of anaemia, Fe deficiency (ID) and Fe-deficiency anaemia (IDA),
and the associations of these variables with obesity in Chinese schoolchildren.
Design: A cross-sectional study conducted in 5295 schoolchildren aged 7–11 years
in Guangzhou, China, 2014–2015. Full data of anthropometric and Fe metabolic
parameters were collected to assess obesity, anaemia, ID and IDA. Logistic regres-
sion models were established to determine the possible associations of anaemia,
ID and IDA with obesity. Two-tailed P values of <0·05 was considered statistically
significant.
Setting: Guangzhou City, China.
Participants: Schoolchildren aged 7–11 years (n 5295).
Results: In this sample, meanHb concentration was 128·1 g/l and the prevalence of
anaemia, ID and IDA was 6·6, 6·2 and 0·6 %, respectively. Of the participants,
14·0 %were overweight and 8·8 %were obese. Importantly, obesitywas associated
with lower anaemia risk (adjusted OR= 0·553; 95 % CI 0·316, 0·968) but higher ID
risk (adjusted OR = 1·808; 95 % CI 1·146, 2·853) after adjustment for confounders.
No significant relationship was found between obesity and IDA.
Conclusions: Our results confirmed that anaemia and ID remain public health
concerns among schoolchildren in Guangzhou, while IDA is remarkably less
prevalent. Furthermore, obesitywas associatedwith lower anaemia risk, but higher
ID risk. More efforts should be made to prevent the onset of ID and obesity in the
same individual, thus improving the health and fitness of children.
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Anaemia, Fe deficiency (ID) and Fe-deficiency anaemia
(IDA) in children have long been public health concerns
worldwide. ID is generally recognized as the most common
micronutrient deficiency and its long-term outcome, IDA,
accounts for 50% of all anaemia(1). Prevalence of anaemia,
ID and IDA varies across countries, usually being higher
in low- and middle-income countries(2–4). In China, prior

studies have focused mainly on pre-school children
(younger than 5 years), while few studies have assessed
anaemia/ID/IDA in schoolchildren (older than 5 years).
Besides, with the rapidly developing economy and increas-
ing living standard, China has become a prime example of a
middle-income country in transition, with the changes in
family income, food availability, nutritional status and
lifestyle contributing to the ever-increasing obesity preva-
lence in Chinese young populations. It is time to reassess†These authors contributed equally to this work.
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anaemia/ID/IDA status in China, especially in schoolchil-
dren (older than 5 years). In addition, few researchers
in China have tried to assess the exact levels of the Fe
metabolism parameters which are usually adopted to define
anaemia/ID/IDA, including Hb, serum ferritin (SF), serum
Fe (SI), total Fe-binding capacity (TIBC) and transferrin
saturation (TS). Considering the facts mentioned above, it
is necessary to re-evaluate the status of anaemia, ID and
IDA, aswell as the exact levels of Femetabolismparameters,
in Chinese schoolchildren.

It is generally believed that obese children are less likely to
be anaemic, since they are prone to consume more animal-
based foods relatively rich in Fe, folic acid, vitamin B12 and
other micronutrients that are critical to Hb formation(5–7).
However, in recent years, some studies have indicated that
children with obesity are more likely to develop ID and
IDA than their normal-weight counterparts(8–10). In fact,
research did observe decreased serum Fe level in obese indi-
viduals as early as the 1960s(11). Furthermore, a study in Iran
reported that ID was three times more prevalent in children
with obesity comparedwith those of normalweight(12). A sim-
ilar association was found in the Third National Health and
Nutritional Survey (NHANES) in the USA, as well as in a study
including 321 Israeli children(8,13,14). Based on prior studies,
researchers hypothesized that inflammation-induced hepci-
din in obese individuals was likely causing decreased dietary
Fe absorption, thus impairing dietary repletion efforts(15).
However, no internationally recognized conclusion on the
positive association between obesity and IDA has beenmade
yet due to unclear mechanisms and the lack of longi-
tudinal data.

China has the largest population of children and adoles-
cents in the world, while few studies have updated the
weight status of the same population in recent years. On
the other hand, most of the previous studies focused on chil-
dren under 5 years of age, while the situation in children
older than 5 years remains uncertain and needs more inves-
tigation. That is one of the reasons whywe did this research.

Given the above-mentioned facts, we assumed that the
prevalence of anaemia, ID and IDA in Chinese schoolchil-
dren is higher than that in children from most high-income
countries, and that childrenwith obesity are at increased risk
for ID and IDA, but at decreased risk for anaemia, compared
with those of normal weight. The current study aimed to
determine the status of Fe metabolism parameters; to assess
the prevalence of anaemia, ID and IDA; and to investigate
the associations between anaemia/ID/IDA and obesity in
schoolchildren aged 7–11 years from Guangzhou, China.

Methods

Study population
A cross-sectional study was conducted among students
from fourteen primary schools in Guangzhou City, China,
2014–2015, involving standardized physical examinations,

laboratory investigations and questionnaires. Children
aged 7–11 years who had complete data on five Femetabo-
lism parameters (Hb, SF, SI, TIBC and TS) and BMI were
included in our analysis (n 5295; 2866 boys and 2429 girls).

Ethics statement
The Sun Yat-sen University Institutional Review Board
approved the study protocol and this study was conducted
according to the guidelines laid down in the Declaration of
Helsinki. Written informed consent was provided by
parents or other legal guardians of the participants.

Sample size
The anaemia prevalence (7·1 %) based on our annual sur-
veillance data in Guangzhou (2013) was adopted to calcu-
late the sample size. The calculation result was 1564,
increased to 3476 after taking account of the cluster sam-
pling method and 90 % power.

A total of 6146 children and adolescents aged 7–11 years
were initially selected via a multistage cluster sampling
method. After excluding those without full blood sample
and questionnaire data (13·8 %), the sample size fell to
5295, which is greater than the original calculated sample
size, adequate enough to detect the statistical differences in
anaemia.

Anthropometry
The anthropometric data in our study were collected by
trained physicians according to standardized methods, with
the participant wearing light clothing. Height was measured
to the nearest 0·1 cm with a stadiometer (Yilian TZG,
Jiangsu, China). Body weight was measured to the nearest
0·1 kg using a self-zeroing scale (Hengxing TGT-140,
Jiangsu, China), with the participant shoeless, pockets empty
and at a standing position. BMI was calculated as weight in
kilograms divided by the square of height in metres.

All measurements were performed by the same group
of experienced clinicians and nurses from the Health
Promotion Center for Primary and Middle School Children
in Guangzhou. Medical cards for participants were used to
record the data standardly and accurately.

Laboratory measurements
Participants were reminded to fast for 12 h on the night
before the test. Any participant who did not meet the
requirement was excluded from the blood sampling.
Venous blood samples were obtained from the antecubital
vein before breakfast and collected into EDTA vacuum
tubes, by standardly trained phlebotomists. Samples were
centrifuged at 3000 rpm for 10 min at 4°C within 2 h, then
stored at –80°C until analysis. Fe metabolism parameters
including Hb, SF, SI, TIBC and TS were determined at a
specialty laboratory accredited by Sun Yat-sen University.
Hb levels were quantified on an automated haematological
analyser (TCHemaxa 1000; Teco Diagnostic, Anaheim, CA,
USA), using a hemiglobincyanide method. SF concentrations
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were determined by the enzyme immunoassay method,
using commercial kits (FERRITIN ELISA; Diametra, Boldon,
UK). SI levels were determined by a commercial test using
a colorimetric method (Ferentest; bioMérieux® SA, France).
Quantitative determination of TIBC was assessed by colori-
metric methods using commercial kits (TOTAL IRON
BINDING CAPACITY ELISA Kit; Beckman Coulter, France).
TS was calculated as SI value divided by TIBC value. For
these parameters, the intra-assay and inter-assay CV were
below 5·7 and 6·7 %, respectively.

Questionnaire
To obtain information about demographic characteristics
(including age and gender), food intake, physical activity
and birth weight, standardized questionnaires were pro-
vided for both children and parents, respectively. Food
intake, physical activity and birth weight were assessed
as follows.

Food intake
For the reason that it is relatively difficult to conduct an FFQ
or 3 d dietary recall survey among such a large number of
participants, a simplified self-report dietary questionnaire
was adopted instead. Data on the intake of seven types of
food were recorded via seven questions in the question-
naire, including the intake amount and consumption
frequency of fruit, vegetables, meat, sugar-sweetenedbever-
ages, milk products, high-energy foods and fried foods.
Since only fruit and meat intakes were found to be signifi-
cantly associated with one of our main outcomes (anaemia)
in the bivariate analysis, only data on fruit/meat were
included in the final multivariate logistic regression model
and presented in the results. The intakes of fruit and meat
were assessed by two successive questions: ‘(i) How many
days did you eat fruit/meat in the past seven days? (ii) How
many servings of fruit/meat did you eat per day during the
days you ate them? Fruits are the fleshy seed-associated
structures of a plant that are sweet or sour and edible in
the raw state, including apples, pears, bananas, oranges
and so on. Meat here includes the flesh of mammalian spe-
cies (e.g. pigs, cattle, lambs) and meat products (e.g. bacon
and sausages). One serving of fruit equals the size of an
adult’s fist, while one serving of meat equals the size of an
adult’s palm’ (pictures displaying the exact size of a fist/palm
were provided as references, beside the questions).

Two repeated assessments with the same self-report
dietary questionnaire and a 3 d dietary record were used
to evaluate the reliability and validity of the present dietary
questionnaire before the study commenced. The variables
of the dietary questionnaire were used to calculate intraclass
correlation coefficients for reliability and Spearman’s corre-
lation coefficients for validity. According to a sample size cal-
culation, 298 pupils (aged 6–12 years) were recruited from a
primary school to complete the evaluation. Two repeated
measurements with the same dietary questionnaire were
conducted with a 7 d interval and the intraclass correlation

coefficient was calculated to evaluate reliability, which
was from0·443 to 0·589 (P< 0·05). Thedietary questionnaire
was also compared with the 3 d dietary record and the
Spearman’s correlation coefficient was calculated to evalu-
ate validity, which was from 0·344 to 0·485 (P< 0·05).

Physical activity
Data on physical activity, including vigorous-intensity
activities, moderate-intensity activities, walking and seden-
tary behaviours, were collected by giving examples. For the
reason that only moderate-intensity activity was signifi-
cantly associated with one of our main outcomes (ID) in
the bivariate analysis, only data on moderate-intensity
activity were included in the final multivariate logistic
regression model and presented in the results. Moderate-
intensity activity was assessed by the question, ‘Howmany
days and how many hours did you perform moderate-
intensity activity in the past seven days? Moderate-intensity
activity, including bicycling, playing table tennis, moving
something light, dancing and so on, causes people to
mildly perspire and experience slight exhaustion (requiring
3–6 metabolic equivalents)’.

Validity and reliability of the physical activity question-
naire were evaluated before the study commenced. The
variables of the physical activity questionnaire were used
to calculate intraclass correlation coefficients for reliability
and Spearman’s correlation coefficients for validity. The
intraclass correlation coefficient between two repeated
measurements with the same questionnaire was from
0·344 to 0·485 (P < 0·05). The Spearman’s correlation coef-
ficient for the physical activity questionnaires and a 3 d
physical activity log was from 0·341 to 0·545 (P< 0·05).

Birth weight
Parents or other legal guardians were required to write
down the exact birth weight of the participants (in grams)
on the self-report questionnaire. Questionnaires without
the record of birth weight were returned to the children
and their guardians to refill.

Definitions

Anaemia/iron deficiency/iron-deficiency anaemia
Anaemia was defined as Hb< 115 g/l (for children aged 5–
11 years), according to the definition proposed by WHO in
2001(1). In order to make comparisons with other studies in
China, ID was defined following a multiple-index model,
proposed by the Chinese Medical Association in 2010(16),
as the presence of two or more of the following four
abnormal values: (i) SF < 15 ng/ml; (ii) SI< 10·7 μmol/l;
(iii) TIBC > 62·7 μmol/l; and (iv) TS< 15 %. Additionally,
IDA was defined as the presence of both anaemia and
ID in the same individual, as suggested by WHO in 2001(1).

BMI status
To investigate the associations between anaemia/ID/IDA
and obesity, measured BMI was used to categorize
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participants into obesity (>þ2), overweight (>þ1 and
<þ2), normal weight (>–2 and <þ1) and thinness (<–2),
following the BMI Z-scores proposed by WHO in 2007(17).

Birth weight
According to the International Classification of Diseases,
11th Revision (ICD-11), proposed by WHO in 2018, birth
weight was categorized into high birth weight (≥4000 g),
normal birth weight (≥2500 g but <4000 g) and low birth
weight (<2499 g, including extremely low birth weight
and other low birth weight)(18).

Statistical analysis
All data were entered via EpiData3.0 software (The EpiData
Association, Odense, Denmark) by double entry and
validation. The collected data were analysed via the statis-
tical software package IBM SPSS Statistics version 21.0.
Group differences were analysed by one-way ANOVA
for continuous variables and the χ2 test for categorical val-
ues. Pearson correlation analysis was adopted to determine
the linear correlations between Fe parameters and age.

Logistic regression models were established to assess
the possible associations between anaemia/ID/IDA and
different weight status (including obesity), respectively.
Since food intake basically decides the intake of various

nutrients (including Fe), it plays an important role in the
development of anaemia/ID/IDA. Besides, physical activ-
ity as well as birth weight have already been revealed to be
significantly associated with BMI and obesity. To minimize
the bias in the logistic regression, we tried to put age, gen-
der, physical activity and food intake data into a cross-
tabulation or bivariate analysis model at first. Then we
found that age and gender were significantly associated
with all threemain outcomes (anaemia/ID/IDA). However,
only birth weight and fruit/meat intake were associated
with anaemia, and only moderate-intensity activity was
associated with ID. In this way, these factors mentioned
above were included in the final three multivariate logistic
regression models for anaemia, ID and IDA, respectively.
Results of logistic regression were presented as adjusted
odds ratios and 95% confidence intervals, with P values.
Two-tailed P values of <0·05 were considered statistically
significant.

Results

Basic characteristics and iron metabolism
parameters
Basic information about age, gender, anthropometry, Fe
metabolism parameters, food intake, physical activity and

Table 1 Basic characteristics of participants: schoolchildren aged 7–11 years from Guangzhou, China, 2014–2015 (n 5295)

Overall (n 5295) Boys (n 2866) Girls (n 2429)

Variable Mean or /% SD Mean or % SD Mean or % SD P value

Age (years) 8·8 1·4 8·8 1·4 8·8 1·4 0·992
Anthropometry
Weight (kg) 31·6 9·3 32·4 9·4 30·7 9·1 <0·001*
Height (cm) 136·4 10·3 136·2 9·8 136·6 10·8 0·002*
BMI (kg/m2) 16·7 3·1 17·2 3·2 16·1 2·9 <0·001*

BMI category
Normal 70·0 – 64·8 – 76·2 – <0·001*
Overweight 14·0 – 16·9 – 10·6 – <0·001*
Obesity 8·8 – 12·7 – 4·1 – <0·001*
Thinness 7·2 – 5·6 – 9·1 – <0·001*

Questionnaire
Fruit intake (servings/week) 9·1 8·3 8·7 8·1 9·6 8·4 0·001*
Meat intake (servings/week) 12·2 10·9 13·1 11·4 11·2 10·1 <0·001*
Moderate-intensity PA (h/week) 3·8 4·4 3·8 4·5 3·8 4·3 0·845

Birth weight
Normal birth weight 90·2 – 89·1 – 91·3 – <0·001*
Low birth weight 5·4 – 4·8 – 6·0 – 0·026*
High birth weight 4·4 – 6·1 – 2·7 – <0·001*

Fe metabolism parameters
Hb (g/l) 128·1 8·5 128·4 8·5 127·7 8·5 0·005*
SF (ng/ml) 72·6 32·1 73·2 34·2 71·8 29·3 0·110
SI (μmol/l) 16·7 5·3 16·3 5·3 17·1 5·2 <0·001*
TIBC (μmol/l) 60·0 6·7 60·4 6·6 59·7 6·9 <0·001*
TS (%) 28·0 9·2 27·1 9·1 29·0 9·2 <0·001*

PA, physical activity; SF, serum ferritin; SI, serum Fe; TIBC, total Fe-binding capacity; TS, transferrin saturation.
Data are presented as mean and standard deviation or as percentage.
BMI categories were defined by BMI Z-scores as proposed by WHO in 2007(17).
Fruit intake and meat intake were described by the number of servings in the past 7 d. Moderate-intensity PA was described by the time spent on moderate-
intensity PA in the past 7 d.
Birth weight was categorized into low birth weight, normal birth weight and high birth weight according to the International Classification of Diseases, 11th
Revision (ICD-11), proposed by WHO in 2018(18).
*P< 0·05, boys v. girls, assessed by one-way ANOVA.
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birth weight is presented in Table 1. Overall, 5295 children
(2866 boys and 2429 girls) aged 7–11 years were included
in the present study, with a mean age of 8·8 years. Among
the anthropometric parameters, girls had higher values in
height, while boys had higher values in weight and BMI.

From the information collected by questionnaires, we
found girls ate more fruits than boys, while boys ate more
meat. For birth weight, more boys were born with a high
birth weight (6·1 v. 2·7 %), while more girls were born with
a normal (91·3 v. 89·1 %) or low birth weight (6·0 v. 4·8 %).

For the five Fe metabolism parameters, mean levels of
Hb, SF, SI, TIBC and TS were 128·1 g/l, 72·6 ng/ml,
16·7 μmol/l, 60·0 μmol/l and 28·0 %, respectively.
Distribution of individual Fe metabolism parameters by
age and gender is presented in Fig. 1. Higher levels of
Hb and TIBC were found in boys, while higher values of
SI and TS were found in girls. There was no significant
difference by gender for SF level. Besides, weak linear
correlations were found between Hb/SI/TIBC levels and

age by Pearson correlation analysis (Hb v. age, r= 0·09;
SI v. age, r= 0·10; TIBC v. age, r= 0·19; all P< 0·05).

Prevalence of anaemia, iron deficiency and
iron-deficiency anaemia
Anaemia was found in 6·6 % of the 5295 participants (6·2 %
of boys, 7·0 % of girls; Table 2). At the age of 7 years, girls
had significantly higher anaemia prevalence than did boys,
while no gender differences were found in other age
groups.

The prevalence of ID and IDAwas 6·2 and 0·6 % overall,
respectively, both being higher in 7–8-year-olds than in
9–11-year-olds (7·3 v. 5·4 % for ID; 0·9 v. 0·3 % for IDA).
ID was found to be more prevalent in boys than in girls
(7·1 v. 5·2 %), while no gender difference was found in
IDA. The prevalence of ID was highest at the age of 7 years
(8·0 %) and decreased to its minimum at the age of 10 years
(4·8 %). Comparing IDA prevalence with anaemia
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Fig. 1 Distribution of individual iron metabolism parameters among schoolchildren aged 7–11 years ( , overall; , boys; ,
girls) from Guangzhou, China, 2014–2015 (n 5295): (a) Hb; (b) serum ferritin (SF); (c) serum iron (SI); (d) total iron-binding capacity
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prevalence in the current study, we found that IDA
accounted for 8·9 % (n 31) of total anaemia (n 349).

Distribution of children with different weight
status
Prevalence rates of different weight status (categorized by
BMI Z-score) are presented in Table 1. Most children had a
BMI within the normal range (70·0 %). Of the participants,
14·0 % were overweight and 8·8 % were obese, only 7·2 %
of them were thin. Rates of overweight and obesity were
higher in boys than in girls, while the rate of thinness
was higher in girls.

Prevalence of anaemia, iron deficiency and
iron-deficiency anaemia in children with
different weight status
Prevalence of anaemia/ID/IDA among participants with dif-
ferent weight status is presented in Table 3. Prevalence of
anaemia was progressively lower with increasing BMI (from

Table 2 Prevalence of anaemia, iron deficiency (ID) and iron-
deficiency anaemia (IDA) among schoolchildren aged 7–11 years
from Guangzhou, China, 2014–2015

Age (years) n
Overall
(n 5295)

Boys
(n 2866)

Girls
(n 2429) P value

Anaemia (%)

7 1273 7·1 5·8 8·7 0·048*
8 1099 6·7 7·2 6·3 0·549
9 1005 6·7 6·5 6·9 0·800
10 1027 5·4 5·2 5·6 0·783
11 891 7·1 6·8 7·4 0·707
7–8 2372 6·9 6·4 7·5 0·296
9–11† 2923 6·3 6·1 6·6 0·600
Total 5295 6·6 6·2 7·0 0·271

ID (%)

7 1273 8·0 9·5 6·2 0·032*
8 1099 6·4 7·9 4·7 0·034*
9 1005 5·2 6·7 3·4 0·021*
10 1027 4·8 5·4 4·1 0·335
11 891 6·3 5·1 7·7 0·120
7–8 2372 7·3 8·8 5·5 0·002*
9–11† 2923 5·4† 5·7† 4·9 0·343
Total 5295 6·2 7·1 5·2 0·004*

IDA (%)

7 1273 0·9 1·0 0·7 0·587
8 1099 0·9 1·0 0·8 0·613
9 1005 0·3 0·4 0·2 0·653
10 1027 0·2 0·2 0·2 0·898
11 891 0·6 0·2 1·0 0·119
7–8 2372 0·9 1·0 0·7 0·461
9–11† 2923 0·3† 0·3† 0·4 0·363
Total 5295 0·6 0·6 0·6 0·936

Data are presented as number or percentage.
Anaemia was defined as Hb concentration <115 g/l, as proposed by WHO in
2001(1).
ID was defined by a multiple-index model, as proposed by the Chinese Medical
Association in 2010(16).
IDA was defined as the presence of both anaemia and ID(1).
*P< 0·05, boys v. girls, assessed by the χ2 test for categorical variables.
†P< 0·05, age 7–8 years v. 9–11 years, assessed by the χ2 test for categorical
variables.
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thinness to obesity), being lowest in children with obesity
(4·1%). On the contrary, prevalence of IDwas progressively
higher with increasing BMI, being highest in children with
obesity (8·4%). However, due to the relatively low IDA
prevalence in the present study (0·6% on average), no sig-
nificant increasing or decreasing trend in IDA prevalence
was observed with participants’ BMI.

Associations between anaemia/iron deficiency/
iron-deficiency anaemia and obesity
In Table 4, multivariate logistic regression models show
that obesity was negatively associated with anaemia
(adjustedOR = 0·553; 95 %CI 0·316, 0·968) while positively
associated with ID (adjusted OR= 1·808; 95 % CI 1·146,
2·853). For IDA, no significant association was found
between IDA and obesity. The logistic regression model
for anaemia was adjusted for age, gender, birth weight
and fruit/meat intake. The model for ID was adjusted for
age, gender and moderate-intensity activity, and the model
for IDA was adjusted for only for age and gender.

Discussion

In recent decades, a number of studies observed lower
serum Fe or higher ID prevalence in children with obesity,
while no conclusion has beenmade yet and themechanism
remains unclear. The present study evaluated Fe metabo-
lism parameters, namely anaemia/ID/IDA, and their asso-
ciations with obesity in schoolchildren from Guangzhou,
China. We found a mean Hb level of 128·1 g/l; also, the
prevalence of anaemia, ID and IDA was 6·6, 6·2 and
0·6 %, respectively. Importantly, increased ID prevalence
and decreased anaemia prevalence were observed in
children with obesity.

Status of iron metabolism parameters
The present study observed a similar Hb level as prior
studies but a relatively higher SF level than previous

studies. The Hb level in the present study is in line with
a meta-analysis in China (2017)(19), but higher than that
in some low-income areas, such as South Africa and
Cambodia(20,21). The poor medical condition and standard
of living in low-income areas might partly explain this differ-
ence in Hb concentration. On the other hand, we observed
a relatively higher SF value (72·6 ng/ml on average) in the
present study than most prior studies. Studies in South
Africa and Colombia reported lower results than the current
study (25·0 and 41·4 ng/ml, respectively)(22,23),while the
NHANES (2006) reported a significantly higher SF level
(82·5 ng/ml on average)(24). Increased standard of living
and health awareness might contribute to the higher SF
status in China and the USA.

Prevalence of anaemia/iron deficiency/
iron-deficiency anaemia
The prevalence of anaemia in the current study is generally
consistent with most prior studies in China, while lower than
that in some low-income countries. Studies in Nepal and
Kazakhstan reported significantly higher anaemia prevalence
than did the present study (40 and 27%, respectively)(25,26),
while studies in the USA and Colombia found results similar
to the present study(27,28).

The present study found amild prevalence of ID (6·2 %),
but a significantly low prevalence of IDA (0·6 %), which is
consistent with US studies(27). Higher prevalence of both ID
and IDA has been found in some low-income countries,
including Brazil (45·4 and 10·3 %, respectively)(29). As is
known to us, IDA can be diagnosed only when the
exhausted Fe store has reduced Hb to a certain level.
With increased health awareness and improved medical
care, a large number of ID children could be identified
and medical practices taken, preventing ID from progress-
ing into IDA. Besides, ample food supply is usually avail-
able in high- and middle-income countries. Few children
are sorely lacking in Fe intake, leading to fewer children
progressing into IDA. Therefore, ID was found to be far
more prevalent than IDA in the present study.

Table 4 Logistic regression analysis of anaemia, iron deficiency (ID) and iron-deficiency anaemia (IDA) v. weight status among schoolchildren
aged 7–11 years form Guangzhou, China (n 5295)

Anaemia‡ ID§ IDA||

Weight status AOR 95% CI P value AOR 95% CI P value AOR 95% CI P value

Normal 1·000 Ref. – 1·000 Ref. – 1·000 Ref. –
Overweight 0·768 0·516, 1·143 0·193 1·044 0·656, 1·659 0·857 0·984 0·335, 2·889 0·976
Obesity 0·553 0·316, 0·968 0·038* 1·808 1·146, 2·853 0·011* 1·151 0·337, 3·394 0·823
Thinness 1·074 0·679, 1·699 0·761 0·443 0·179, 1·099 0·079 0·909 0·213, 3·891 0·898

AOR, adjusted odds ratio; ref., reference category.
Anaemia was defined as Hb concentration <115 g/l, as proposed by WHO in 2001(1).
ID was defined by a multiple-index model, as proposed by the Chinese Medical Association in 2010(16).
IDA was defined as the presence of both anaemia and ID(1).
*P< 0·05, assessed by multivariate logistic regression.
‡The regression model was adjusted for age, gender, birth weight and food intake.
§The regression model was adjusted for age, gender and moderate-intensity physical activity.
||The regression model was adjusted for age and gender.
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Interestingly, in the present study IDA accounts for only
about 9% of total anaemia (0·6 % out of 6·6%), which is
inconsistent with theWHO’s suggestion that ID is responsible
for about 50% of total anaemia. Low IDA prevalence in chil-
dren similar to the present study has been reported in several
middle- to high-income countries, including the USA (1·1 and
2·0 %), Italy (1·92%) and Belgium (1·53%)(2,27,30). Studies
from Ethiopia and Rwanda also claimed that IDA accounts
for less than 25% of all causes of anaemia(30,31). These results
suggest that, in certain populations, ID might not be the main
reason for anaemia; instead, vitamin B12 or folate deficiency,
chronic diseases, sickle cell disease, bone marrow disorders,
thalassaemia and acquired haemolysis might contribute a
larger proportion of the total anaemia(33).

According to theWHO guideline for IDA in 2001, infants
and younger children are more likely to suffer from ID and
IDA, compared with their older counterparts (anaemia was
used as an indirect indicator for IDA)(1). This might partly
explain the higher prevalence in 7–8-year-olds. Another
important finding is the significantly higher ID prevalence
in boys than in girls (7·1 v. 5·2 %, respectively). The
extremely higher obesity rate in boys (12·7 v. 4·1 %) might
be the main reason for the ID difference between genders,
as suggested by some prior studies(1,5,34). Besides, menstru-
ation was also taken into consideration when assessing
anaemia in the present study, to account for the effects
of menstrual blood loss on anaemia in females.
However, we did not observe higher IDA prevalence in
girls than in boys, probably due to the reason that only
5 % of the female participants had started menstruating.

Distribution of children with different weight
status
The present study found 22·8% of the participants were
overweight (14·0 %) or obese (8·8 %), similar to the result
of another study conducted in 9–12-year-old students in
Guangzhou (20·5 %, 2014) and consistent with other studies
in China(35–37). Looking back on relevant data in China dur-
ing the last two decades, a significant upward trend in
overweight/obesity could be observed(38,39) and researchers
suggest that increased fast-food consumption, poor sleep
habits, inadequate physical activity, and other factors stimu-
lated by increased income, urbanization, busier lifestyle and
ample food availability, are responsible for most part of the
ever-increasing overweight/obesity burden in children and
adolescents(36,40). The present study again confirmed this
disturbing concern and indicates that government regulation
on related fast-food industries as well as public health
education for both children and parents are urgently needed
to control the rising trend, thus preventing CVD and other
relevant health problems that might come along in later life.

Associations of anaemia/iron deficiency/
iron-deficiency anaemia with obesity
The present study demonstrated that children with obesity
had a lower likelihood of being anaemic but a higher

likelihood of having ID compared with those of normal
weight, which seems paradoxical but actually is reasonable
in this population. Similar to our study, decreased anaemia
prevalence in obese children has been reported in
Colombia and Peru(6,7) and evidence did show the associ-
ation between obesity and higher Hb concentration(5).
Although specific mechanisms remain poorly understood
as yet, a high-energy diet, adequate intake of animal-based
foods and adequate food supply in obese children might
ensure that they consume in more Fe, folate, vitamin B12

and other micronutrients that are critical to Hb formation
andmight lead to anaemia if not ingested in sufficient quan-
tity. As a consequence, children with obesity are less likely
to be anaemic.

However, adequate intake of micronutrients does not
always guarantee adequate absorption in the body, and
Fe is the exception when it comes to obese children.
Althoughmore Femight be consumed by obese individuals
among the dietary factors, decreased Fe level and increased
ID prevalence have been found in the present study as well
as a number of prior studies. Studies from the USA, Iran and
Israel demonstrated that obese children were two to three
more likely to have ID than those of normal weight(8,12–14).
In studies conducted to reveal the potential mechanism of
Fe absorption inhibition in obese individuals, Bekri et al.
found increased hepcidin (a hepatic-derived peptide)
mRNA expression in adipose tissue from obese females(41)

and several other researchers in recent years did observe
increased hepcidin in obese women and children(42–44).
Although studies did show decreased Fe level and
increased hepcidin level in obese individuals as mentioned
above, the exact mechanism of how obesity affects Fe
status still remains unclear. On the basis of the existing
associations, researchers hypothesized that inflammation-
induced hepcidin in obese individuals was likely causing
decreased dietary Fe absorption by diminishing the expres-
sion of ferroportin-1 located on the basolateral membrane
of intestinal enterocytes, thus impairing dietary repletion
efforts, although few studies have measured hepcidin
concentrations yet(15).

No significant results were found between IDA and
obesity in the present study. Different from our results, a
positive association between IDA and obesity was found
in Taiwan(45). This inconsistency might be partly due to
the significantly low IDA prevalence in the present study,
which is inadequate to detect its potential associations with
other factors.

As mentioned above, hepcidin might be the key media-
tor in the process of weight gain affecting Fe status. In
future study, it would be helpful to assess the hepcidin con-
centration of participants to further investigate the potential
mechanisms.

Participants in the present study were selected randomly
from all districts of Guangzhou, therefore the sample could
be highly representative of urban children in Guangzhou.
Our results confirm that anaemia and ID still remain a public
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health concern among schoolchildren in Guangzhou, China.
Although the IDA prevalence is relatively low (0·6 %), it still
remains a concern, with a large number of children suffering
from ID which might progress to IDA in future. These results
suggest that the present government policies aiming at anae-
mia/ID/IDA elimination, including Fe-fortified salt, other
Fe-fortified foods and health education programmes, might
have helped improved the Fe status of Chinese children in
the past few years. However, more efforts are needed in this
field, considering the situation in anaemia and ID. Specific
strategies aimed at children with obesity might be a more
efficient way to eliminate ID and IDA.

Limitations
Despite including a large sample in the present study, there
are still some limitations. First, we did not assess hepcidin,
transferrin receptor, erythrocyte protoporphyrin or serum
transferrin receptor, hampering us from assessing ID using
different methods and making comparisons with some
prior studies. Second, we did not take inflammation into
consideration when assessing ID and IDA. Since inflamma-
tion could affect the level Fe metabolism parameters(46), it
would be more accurate to take inflammation into consid-
eration when assessing ID and IDA. Third, the food intake
data in the current studywere collected via a simplified self-
report questionnaire, which might not be accurate enough
to reflect the real food intake status of the participants
owing to the crude nature of the data and the existence
of recall bias.

Conclusions

In the present study, anaemia and ID were prevalent
(6·6 and 6·2 %, respectively) among schoolchildren in
Guangzhou, China, while IDA was notably less prevalent
(0·6 %) in the same population. Overweight or obesity
was present in 22·8 % of the participants, and importantly
obesity was found to be associated with lower anaemia risk
while higher ID risk. The present study provides evidence
for the higher ID risk in children with obesity and helps
ascertain the association between under- and overnutri-
tion. More attention should be paid to both over- and
undernutrition, especially the micronutrient deficiencies
in children with obesity, in order to improve the health
and fitness of children.
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