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Abstract: Adolescent girls are in the key stages of rapid physical and psychological development
and have a great demand for iron. Anemia affects adolescent girls’ health, future development, and
even the health of their offspring. There has been limited study of adolescent girl anemia at the
national and provincial levels in China. We investigated the anemia status of adolescent girls in China
based on data from the China Nutrition and Health Surveillance (CNHS, 2015–2017). The anemia
prevalence in Chinese adolescent girls aged 10–17 years is 8.5%, with mild anemia and moderate
anemia accounting for 65.9 and 31.8%, respectively, and severe anemia accounting for only 2.3%.
Significant urban–rural disparities and regional disparities were found in adolescent girl anemia. The
anemia prevalence in adolescent girls varied from 3 to 13.4% in different provinces, and 90% of the
provinces had anemia prevalence higher than 5%. Having started menstruating (OR = 2.58, p < 0.01)
and living in rural areas (OR = 1.18, p < 0.05) were risk factors for anemia; having a mother with
higher education was a protective factor (OR = 0.87, p < 0.05). As for food intake, consuming meat
≥35 g per day was a protective factor (OR = 0.90, p < 0.05). Consuming vegetables ≥3 times per day
was also a protective factor (OR = 0.72, p < 0.01), while consuming vegetables ≥400 g per day was
a risk factor (OR = 1.24, p < 0.01). Special attention should be paid to adolescent girls, especially to
those already having started menstruating, living in rural areas, to those whose mother has a low
education level, and to those with a relatively unbalanced diet. Comprehensive measures, including
paying special attention to vulnerable areas and vulnerable subgroups of adolescent girls, would
reduce the risk of anemia.

Keywords: anemia; adolescent girls; spatial disparities; influencing factors; China Nutrition and
Health Surveillance; China

1. Introduction

Anemia is an important public health problem affecting 1.93 billion people in the
world [1]. There are about 273 million children, 496 million non-pregnant women, and
32 million pregnant women threatened by anemia in the world [2], especially in low- and
middle-income counties [3]. Adolescent girls are in the key stages of rapid physical and
psychological development, and rapid physical growth and the onset of menstruation
during adolescence may increase anemia risk greatly. Anemia may affect girls’ future
development and fertility and may even influence pregnancy outcome and the health state
of the next generation [4].The Second International Conference on Nutrition in Rome in
2014 approved an action plan for maternal, infant, and child nutrition, with a commitment
to halve anemia prevalence in women of reproductive age by 2025 (from 2011 levels) [5]. To
achieve this goal, detailed information is needed about the hemoglobin and anemia states
of women to take targeted measures to reduce anemia.
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In China, anemia prevalence in adolescent girls aged 12 to 17 years old was 9.1%
in 2010–2013 and 10.4% in 2016–2017 according to the Report on Nutrition and Chronic
Diseases of Chinese Residents [6,7], which showed a slight upward trend. According to
Liu et al., anemia prevalence in adolescent girls aged 12 and 14 years old was 10.6 and
12.3%, respectively, in 2014, and the anemia prevalence in different provinces varied from
3.3 to 25.0%, with Jiangxi, Hunan, Hainan, and Gansu provinces having rates higher
than 20% [8]. Due to the imbalanced development of socioeconomic levels in different
regions, there were significant regional differences in adolescent anemia prevalence [8,9].
Nevertheless, there has been limited study on anemia in adolescent girls at the national and
provincial levels. Regional anemia status would provide useful information for targeted
intervention strategies.

Anemia is affected by many factors, including micronutrient deficiencies, chronic
infections, and inherited hemoglobin disorders [10]. In China, 70–90% of anemia is related
to iron deficiency [11]. Iron deficiency is affected by micronutrient intake and related to
influencing factors, such as nutrition status [12,13], dietary intake status [14,15], and socio-
economic situation [16]. Detecting the influencing factors may provide us with effective
information for creating targeted prevention measures.

In this study, we analyzed the anemia prevalence in adolescent girls at the national
and provincial levels and detected the influencing factors for anemia based on the national
and provincial representative data of the China Nutrition and Health Surveillance (CNHS,
2015–2017) and made some suggestions for the prevention of anemia in adolescent girls.

2. Materials and Methods
2.1. Data Source

Data for adolescent girls aged 10–17 years old from China Nutrition and Health
Surveillance (CNHS, 2015–2017) was used in this study. CNHS is a national nutrition and
health survey of people of all ages, covering 31 provinces in China. It has both national-
and provincial-level representativeness. The detailed sample method can be found in the
study by Yu et al. [17]. The children’s field survey was taken in 2016–2017, and surveys at
264 points were actually completed. Due to the small number of surveyed adolescent girls
in Tibet, the provincial anemia prevalence in Tibet was not calculated in this study.

2.2. Survey Method

The content of the survey included inquiry survey, medical examination, laboratory
test, and dietary survey (Food Frequency Questionnaire, FFQ, for all adolescents and
3 consecutive days of 24 h dietary recall for one-third of adolescents; FFQ surveyed the
food intake frequency and weight for every time in the last month). The surveys were
responded to by the parents for children in grades 1–6 in elementary school and by children
themselves for children who were older. Fasting venous blood samples were collected in
the medical examination, and hemoglobin was detected by Hemocue method (Hemocue
201+ hemoglobin detect meter).

2.3. Anemia Definition

With altitude <1000 m, for girls aged 10 to 11 years old, anemia definition is: hemoglobin
value <115 g/L; mild anemia: hemoglobin value ≥110 g/L and <115 g/L; moderate anemia:
hemoglobin value ≥80 g/L and <110 g/L; severe anemia: hemoglobin value <80 g/L. For
girls aged 12 to 17 years old, anemia definition is: hemoglobin value <120 g/L; mild anemia:
hemoglobin value ≥110 g/L and <120 g/L; moderate anemia: hemoglobin value ≥80 g/L
and <110 g/L; severe anemia: hemoglobin value <80 g/L [18]. With altitude ≥1000 m, the
adjustments were made to the measured hemoglobin concentration according to WHO
standard [18].
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2.4. Influencing Factor Variables

Influencing factors for adolescent girl anemia included personal status (age, nutri-
tional status, dietary status, and menstruation status), family status (parents’ education,
parents’ working state, primary caregiver). Girls’ nutrition status was defined by body
mass index (BMI = weight/height squared, weight unit as “kg” and height unit as “m”).
Classification for underweight, normal, overweight, and obesity was based on the BMI
z-scores for individuals aged 7–18 years [19]. Menstruation status was defined by having
started menstruating or not. Parents’ education level was divided into low education level
(including junior high school and below) and high education level (including high school
and above). Parents’ working state included out-migrating or not. Primary caregiver was
divided into parents, grandparents, and other relatives. Dietary status for every day was
calculated from FFQ, and the meat (livestock and poultry meat and its products, animal
viscera, and blood) and vegetable (fresh vegetables) intake frequency (times/d) and weight
(g/d) were considered.

2.5. Statistical Analysis Method

We used SAS 9.4 (SAS Institute Inc., Cary, NC, USA) to analyze the data for adolescent
girl anemia and detected its influencing factors. Univariate logistic and multivariate logistic
regression were used to analyze the influencing factors of adolescent girl anemia. The data
processing procedures are shown in Figure 1.
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2.6. Mapping Method

ArcGIS 10.7 software was used to map adolescent girl anemia prevalence at provincial
and surveillance-point levels.

2.7. Ethical Approval

This study was approved by the ethics review committee of National Institute of
Nutrition and Health, Chinese Center for Disease Control and Prevention (No. 201614).

3. Results
3.1. Adolescent Girl Hemoglobin and Anemia Status

In this study, 22,810 adolescent girls aged 10–17 were included (Table 1); 10,700 (46.9%)
were in urban areas and 12,110 (53.1%) were in rural areas. The hemoglobin of Chinese
adolescent girls aged 10–17 years was 134.68 ± 12.13 g/L. The hemoglobin level was the
highest at the age of 12 years (136.08 ± 11.28 g/L) and gradually stabilized at about 133 g/L
after the age of 13 years. The anemia prevalence in Chinese adolescent girls aged 10–17 was
8.5%, with mild anemia and moderate anemia accounting for 65.9 and 31.8%, respectively,
and severe anemia accounting for only 2.3% (Table 1). The anemia prevalence in rural girls
(9.4%) was significantly higher than urban girls (7.6%). The anemia prevalence in girls
aged 11 years was the lowest (2.8%), and that of girls aged 17 years was the highest (12.7%).
Rural girls aged 15–17 years presented higher anemia prevalence, with anemia prevalence
varying from 13.9 to 15.2%.

Table 1. Hemoglobin and anemia status of adolescent girls.

Characteristic N Hb(g/L) Anemia%

All (95%CI) Mild Moderate Severe Urban Rural

Total 22,810 134.68 ± 12.13 8.5 (7.4–9.7) 5.6 2.7 0.2 7.6 ** 9.4 **

Child’s age (in year)

10 3533 134.46 ± 10.65 4.0 (1.3–6.7) 2.1 1.8 0.1 5.5 3.0

11 3564 136.02 ± 10.46 2.8 (1.3–4.3) 1.6 1.2 0.0 2.9 2.8

12 3646 136.08 ± 11.28 6.0 (4.4–7.7) 4.8 1.1 0.2 4.5 7.4

13 3234 134.86 ± 12.32 10.3 (7.8–12.7) 7.1 3.1 0.1 8.5 11.8

14 1830 134.73 ± 13.02 9.7 (7.3–12.1) 7.0 2.4 0.3 10.9 8.9

15 2426 132.92 ± 12.95 11.6 (9.3–13.8) 7.2 4.2 0.2 9.4 ** 13.9 **

16 3205 133.42 ± 13.71 11.5 (9.4–13.7) 7.8 3.4 0.4 9.2 14.5

17 1372 133.57 ± 13.92 12.7 (9.9–15.4) 8.1 4.5 0.1 10.3 ** 15.2 **

** represented p < 0.01.

3.2. Regional Disparities of Adolescent Girl Anemia

Adolescent girl anemia prevalence in China presented significant regional disparities.
As to surveillance points (Figure 2A), adolescent girl anemia prevalence was 0~34.5%.
Briefly, 88 (33.3%) out of 264 surveillance points were at the normal level, while 169 (64.0%)
were at the mild level, and 7 (2.7%) were at the moderate epidemic level according to
WHO standards (anemia detection rate of ≥40% is defined as having a severe epidemic,
20.0–39.9% as having a moderate epidemic, 5.0–19.9% as having a mild epidemic, and
≤4.9% as normal) [18]. Those surveillance sites with anemia prevalence higher than 20%
were mainly distributed in Chongqing, Gansu, Hubei, Sichuan, Shanghai, Shandong, and
Hebei provinces. Adolescent girl anemia prevalence at big city surveillance points varied
from 2.2 to 13.6%, and small-to-middle-sized cities’ anemia prevalence varied from 0.0 to
34.5%, ordinary rural areas’ anemia prevalence varied from 0.0 to 31.3%, and poverty-
stricken rural areas’ anemia prevalence varied from 1.0 to 34.2%.
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Figure 2. (A) Anemia prevalence in adolescent girls at surveillance-point level; (B) anemia prevalence
in adolescent girls at provincial level.

At the provincial level (Figure 2B), in Ningxia, Beijing, Tianjin and Jilin, adolescent
girls’ anemia prevalence was under 5%, while in the other provinces, anemia prevalence
was 5.0–13.4%. According to the WHO standard [18], adolescent girls’ anemia rates in most
of the provinces in China were at the mild prevalence level. In Anhui, Gansu, Chongqing,
and Hainan, adolescent girls had higher anemia prevalence rates of more than 10.0%.

3.3. Influencing Factors of Anemia

According to univariate analysis (Appendix A Table A1), having started menstruating,
having other relatives as caregivers, parents out-migrating, and vegetable intake ≥400 g/d
were risk factors for adolescent girl anemia (p < 0.05), while being obese, having parents
with higher education levels, and vegetable intake ≥3 times/d were protective factors for
anemia (p < 0.05).

According to multiple logistic regression results (Table 2), for all adolescent girls, living
in rural areas (OR = 1.18, p < 0.05), having started menstruating (OR = 2.58, p < 0.01), and
vegetable intake ≥400 g/d (OR = 1.24, p < 0.01) were risk factors for anemia, while having
a mother with high education level (OR = 0.87, p < 0.05), meat intake ≥35 g/d (OR = 0.90,
p < 0.05), and vegetable intake ≥3 times/d (OR = 0.72, p < 0.01) were protective factors.

Table 2. Factors associated with adolescent girls’ anemia based on multivariate logistic regres-
sion analyses.

Model Influencing Factors Reference OR(95%CI) p

All
girls

Urban/Rural
Rural Urban 1.18 (1.05–1.31) 0.04
Having started menstruating
Yes No 2.58 (2.28–2.92) <0.01
Mother’s educational level
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Table 2. Cont.

Model Influencing Factors Reference OR(95%CI) p

High Low 0.87 (0.76–0.99) 0.03
Meat intake weight
≥35 g/d <35 g/d 0.90 (0.81–1.00) 0.04
Vegetable intake weight
≥400 g/d <400 g/d 1.24 (1.07–1.43) <0.01
Vegetable intake frequency
≥3 times/d <3 times/d 0.72 (0.58–0.89) <0.01

Urban
girls

Having started menstruating
Yes No 2.28 (1.89–2.76) <0.01
Distribution
Middle East 1.34 (1.11–1.62) <0.01
West East 1.17 (0.97–1.41) 0.11
Meat intake weight
≥35 g/d <35 g/d 0.85 (0.73–1.00) 0.04

Rural girls

Having started menstruating
Yes No 2.85 (2.42–3.36) <0.01
Nutrition status
Underweight Normal 1.15 (0.86–1.52) 0.34
Overweight Normal 0.84 (0.65–1.08) 0.16
Obesity Normal 0.58 (0.36–0.92) 0.02
Vegetable intake weight
≥400 g/d <400 g/d 1.28 (1.04–1.57) 0.02
Vegetable intake frequency
≥3 times/d <3 times/d 0.70 (0.53–0.92) 0.01

A stepwise method of variable entry was used.

As for urban girls, having started menstruating (OR = 2.28, p < 0.01) and living in
Central China (OR = 1.34, p < 0.01) were risk factors, and meat intake ≥35 g/d (OR = 0.85,
p < 0.05) was a protective factor. For rural girls, having menstruation (OR = 2.85, p < 0.01)
and vegetable intake ≥400 g/d (OR = 1.28, p < 0.05) were risk factors, while being obese
(OR = 0.58, p < 0.05) and vegetable intake ≥3 times/d (OR = 0.70, p = 0.01) were protec-
tive factors.

4. Discussion

Anemia threatens billions of women and children’s health in the world. It brings great
health and economic burdens for countries, especially for developing countries. Adolescent
girls are in a key period of nutritional vulnerability due to the increased nutritional demands
for growth and development during this phase [20], especially for iron demand due to the
onset of menstruation and changes in dietary habits affected by the family and peers [20].
Adolescent girl anemia not only affects individual development but also may have an
influence on the next generation. It is important to control and reduce anemia in adolescent
girls. In order to provide important information for anemia intervention strategies, national
and provincial anemia prevalence and the influencing factors for adolescent girl anemia
were analyzed based on data from CNHS (2015–2017).

In 2016–2017, anemia prevalence in Chinese adolescent girls aged 10 to 17 years
was 8.5%, with mild and moderate anemia accounting for 97.6%. According to WHO
standards [18], it was a mild public health problem. As for girls of different ages, girls
aged 15–17 years had a higher anemia prevalence. Globally, non-pregnant women of
childbearing aged (15–49 years) had an anemia prevalence of 29%. In high-income regions
it was 16%, while in East and Southeast Asia it was 21%, and in Central and West Africa and
South Asia the prevalence was highest (47–48%) [2]. Compared with anemia prevalence
in adolescent girls aged 10 to 18 years in Korea (5.3%) [21] and that of girls aged 12.0 to
14.99 years old in the United States (3.8%) [22], anemia prevalence in adolescent girls
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in China was little higher. The results indicated that more attention should be paid to
adolescent girl anemia in China.

Spatial disparity results showed that adolescent girl anemia in urban areas was sig-
nificantly lower than that of rural areas in China (p < 0.01). Girls aged 15 to 17 years from
rural areas had the highest anemia prevalence (13.9–15.2%). The significant difference
between urban and rural adolescent girl anemia indicated the imbalanced development
in children [23]. The surveillance-point mapping results showed that there was no big
city surveillance point with anemia prevalence higher than 20%, while there were some
surveillance points in the small-to-middle-sized cities, ordinary rural areas, and poverty-
stricken rural areas having anemia prevalence higher than 20% and even up to 34.5%.
These points distributed in Chongqing, Gansu, Hubei, Sichuan, Shanghai, Shandong, and
Hebei provinces, which should be paid special attention. At the provincial level, anemia
prevalence rates in Beijing, Tianjin, Ningxia, and Jilin were less than 5%, while those of
Hainan, Chongqing, Gansu, and Anhui were higher than 10%. Similar findings were
reported in the study by Luo et al. [24]. According to the study by Luo et al., anemia rates
in girls aged 14 years old in Jiangxi, Hunan, Guangxi, Hainan, and Gansu were higher than
20% in 2014 [24]. In general, the adolescent girl anemia problems in most provinces should
be alarming since anemia status is unstable and adolescent girls easily suffer from anemia
due to many influencing factors. Special attention should also be paid to the urban girls in
the areas of Central China, an area which was a risk factor for anemia in urban girls.

Adolescent girls are in a rapid physical development stage and need more iron intake.
However, adolescent girls tend to take in less iron from less or unbalanced food intake
and lose more iron from menstruation. As a result, adolescent girls are prone to anemia,
which is affected by many individual and family factors. According to the univariate
logistic analysis, having started menstruating, having other relatives as caregivers, parents
out-migrating, and vegetable intake ≥400 g/d were risk factors for adolescent girl anemia,
while being obese, having parents with higher education levels, and vegetable intake
≥3 times/d were protective factors for anemia. Having started menstruating is the most
important influencing factor for adolescent girl anemia, which was confirmed by results
of the anemia prevalence in girls of ages 12 and 13. According to a study, the age of
menarche in Chinese girl is 12.58 years old in urban areas and 12.90 years old in rural
areas [25]. Attention should be paid to adolescent girls who have started menstruating and
targeted measures, such as supplementary iron and folic acid intake [26], could effectively
improve anemia. Caregivers play an important part in adolescent girls’ nutrition and
health. Compared with parents and grandparents as caregivers, having other relatives as
caregivers was a significant risk factor for anemia, since girls at this age are in a delicate
physical and mental development stage and might not receive careful care. At the same
time, parents out-migrating was a risk factor due to the reason mentioned above. The
results were consistent with study of left-behind children in poverty-stricken rural areas
of China [15]. Parents’ education levels also influenced adolescent girl anemia, because
the education level might affect the parents’ child-rearing knowledge, as did the family
income, which eventually affect children’s nutrition status [27,28].

Adolescent girls’ nutrition status and dietary habits are the direct influencing factors
for anemia. Malnutrition includes undernutrition, micronutrient deficiencies, overweight
and obesity according to the Second International Conference on Nutrition [5]. Undernu-
trition, including underweight and stunting, might lead to anemia because the normal
growth of adolescents depends on adequate nutrition, and undernutrition is frequently
associated with nutrition deficiency and eating disorders [29]. Overweight and obesity
were both found to decrease or increase anemia risk. On one hand, overweight and obesity
might decrease anemia risk because those overweight or obese people tend to have a better
nutritional intake [30]. On the other hand, overweight and obesity might increase the risk
of anemia due to imbalanced diets and increased iron requirements due to larger blood
volume and/or body size [31–33]. In this study, we found that, in rural areas, adolescent
girls in the obesity state had lower anemia risk, which was in accordance with other studies
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in China [34] and in India [30]. The results indicated that in rural areas of China, adolescent
girls had a relatively poor nutritional intake, which was confirmed in the following dietary
intake status results.

Anemia is considered the most common nutritional deficiency worldwide, and in 95%
of cases it is associated with an iron-poor diet [20]; the most important factors responsible
for iron deficiency anemia in adolescents are iron-poor diet and inappropriate dietary
habits according to a literature review on iron deficiency anemia in adolescents [20]. As for
the dietary intake status, our results indicated that meat and vegetable intake frequency
and weight affected adolescent girl anemia. According to Dietary guidelines for school-aged
children in China (2022), the recommendation of livestock and poultry meat per day for
children aged 11–17 years old is 50–75 g, and the recommendation for vegetables per day is
400–500 g [19]. In this study, the weights of meat and vegetable intake were calculated. The
weights of meat were as follows: all girls (P25, P50, P75) = 11.9 g, 31.4 g, 67.9 g; urban girls
(P25, P50, P75) = 17.0 g, 41.2 g, 84.4 g; rural girls (P25, P50, P75) = 8.6 g, 24.8 g, 53.3 g. The
vegetable intake weights were as follows: all girls (P25, P50, P75) = 80 g, 150 g, 260 g; urban
girls (P25, P50, P75) =100 g, 200 g, 300 g; rural girls (P25, P50, P75) = 70 g, 130 g, 210 g.
According to our results, meat intake ≥35 g/d was a protective factor for adolescent girl
anemia. Meat is the main iron source of food, while the adolescent girls’ meat intake was
relatively low. Meat intake is still a simple and effective way to improve anemia, which was
confirmed in similar studies [6,15,35]. While vegetable intake ≥3 times/d was a protective
factor for anemia, vegetable intake ≥400 g/d was a risk factor. Vegetables can provide
humans with folic acid, vitamin C, and some iron, but limited iron with low absorptivity
is provided by vegetable food. Consuming vegetables more frequently and of varieties
was found to be a protective factor for anemia in many studies [15,35]. In this study, we
found that vegetable intake of more than 400 g per day was a risk factor for anemia. This
could be explained by vegetable intake of more than 400 g per day for adolescent girls
being relatively high and the absorptivity of vegetables is low compared with animal
products. Similar results were found as an influencing factor in rural adolescent girls’
anemia. According to the Report on Nutrition and Chronic Diseases of Chinese Residents
(2020), the average vegetable intake for urban girls aged 12–17 years old is 184.4 g/d,
and the intake of livestock and poultry meat is 118.8 g/d. For rural girls’, these values
are 164.4 g/d and 91.9 g/d, respectively [7]. Eating relatively too many vegetables may
not equate to a balanced diet for adolescent girls who have a great demand for iron. For
adolescent girls, a balanced diet is still a simple but effective way to improve anemia.
Awareness of anemia and nutritional counseling to improve the quality of the diet should
be applied in adolescent girl anemia improvement measures.

The strengths of this study lie in its large representative data set, both on national and
provincial levels, from the China Nutrition and Health Surveillance, which is the national
survey following the standardized protocols and data collection procedures by the Chinese
Center for Disease Control and Prevention. This study provided not only the current
anemia status of adolescent girls but also the regional disparities and influencing factors
for anemia, which may serve as a basis for the precise prevention and control of anemia.

Some limitations in this study should be mentioned. Firstly, this study did not distin-
guish whether anemia was iron deficiency anemia or not, which may affect the influencing
factor results, but this problem could be solved by the fact that 70–90% of anemia in China
is related to iron deficiency [11]. Secondly, in this study we used FFQ data for dietary
analysis instead of the 3 day/24 h dietary survey data due to the fact that not all the adoles-
cent girls followed the 3 day/24 h dietary survey method; the FFQ surveyed the general
dietary situation in the past month, which might not accurately reflect the dietary state of
adolescent girls. We will explore this information to provide more specific information for
anemia improvement in future studies.
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5. Conclusions

Adolescent girls’ anemia is still an important public health problem that should be
paid more attention in China, with anemia prevalence varying from 3 to 13.4%, and 90%
of the provinces have anemia prevalence higher than 5%. Special attention should be
paid to adolescent girls, especially to those already having started menstruating, living in
rural areas, to those whose mother has a low education level, and to those with relatively
unbalanced diets.
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Appendix A

Table A1. Risk factors of adolescent girl anemia from univariate logistic analysis.

Characteristic All Urban Rural

% Anemia% OR (95%CI) % Anemia% OR (95%CI) % Anemia% OR (95%CI)

Having started
menstruating

Yes 61.4 10.3 2.46 (2.18–2.77) ** 64.2 9.0 2.08 (1.74–2.50) ** 58.9 11.6 2.83 (2.41–3.31) **
No 38.6 4.5 1.00 (ref) 35.8 4.5 1.00 (ref) 41.1 4.4 1.00 (ref)

Nutrition status
Underweight 6.1 7.5 0.92 (0.74–1.13) 5.2 6.8 0.92 (0.65–1.29) 6.8 8.0 0.90 (0.69–1.17)

Normal 80.2 8.2 1.00 (ref) 78.6 7.4 1.00 (ref) 81.6 8.9 1.00 (ref)
Overweight 9.4 8.3 1.02 (0.86–1.20) 10.9 8.1 1.11 (0.88–1.40) 8.1 8.6 0.97 (0.76–1.23)

Obesity 4.3 5.6 0.66 (0.50–0.88) ** 5.2 6.1 0.82 (0.57–1.17) 3.5 4.9 0.52 (0.33–0.83) **
Father’s education

level
Low 70.6 8.3 1.00 (ref) 54.6 7.6 1.00 (ref) 84.8 8.6 1.00 (ref)
High 29.4 7.2 0.87 (0.78–0.97) * 45.4 6.8 0.88 (0.76–1.02) 15.2 8.5 0.98 (0.82–1.17)

Mother’s educational
level
Low 74.5 8.3 1.00 (ref) 59.0 7.6 1.00 (ref) 88.4 8.7 1.00 (ref)
High 25.5 6.9 0.82 (0.73–0.92) ** 41.0 6.7 0.87 (0.75–1.02) 11.6 7.7 0.87 (0.70–1.07)

Primary caregiver
Mother and father 81.9 7.9 1.00 (ref) 88.2 7.2 1.00 (ref) 76.2 8.6 1.00 (ref)

Grand parents 15.6 8.1 1.03 (0.91–1.18) 9.8 7.6 1.07 (0.84–1.37) 20.8 8.3 0.96 (0.82–1.13)
Other relatives 2.5 11.7 1.56 (1.20–2.02) ** 1.9 10.2 1.48 (0.94–2.35) 3.0 12.5 1.53 (1.11–2.11) **

Father out-migrating
Yes 28.1 9.1 1.22 (1.10–1.36) ** 15.9 8.4 1.22 (1.01–1.47) * 38.9 9.3 1.15 (1.01–1.31) *
No 70.5 7.6 1.00 (ref) 82.4 7.0 1.00 (ref) 59.9 8.2 1.00 (ref)

Not clear 1.5 8.1 1.07 (0.72–1.60) 1.7 8.7 1.27 (0.76–2.14) 1.3 7.2 0.87 (0.47–1.62)
Mother out-migrating

Yes 14.6 9.1 1.19 (1.04–1.36) ** 6.4 8.3 1.18 (0.90–1.56) 21.8 9.3 1.12 (0.96–1.30)
No 84.2 7.8 1.00 (ref) 92.3 7.2 1.00 (ref) 76.9 8.4 1.00 (ref)

Not clear 1.3 9.4 1.24 (0.83–1.85) 1.2 9.9 1.42 (0.80–2.53) 1.3 9.1 1.09 (0.63–1.90)
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Table A1. Cont.

Characteristic All Urban Rural

% Anemia% OR (95%CI) % Anemia% OR (95%CI) % Anemia% OR (95%CI)

Regions
East 33.8 7.5 1.00 (ref) 43.0 6.6 1.00 (ref) 25.7 9.0 1.00 (ref)

Middle 30.1 8.2 1.10 (0.97–1.24) 25.0 8.1 1.26 (1.05–1.52) * 34.6 8.2 0.91 (0.77–1.08)
West 36.1 8.2 1.10 (0.98–1.24) 32.0 7.5 1.16 (0.97-1.37) 39.6 8.8 0.98 (0.83–1.15)

Food intake
Meat intake times

<2 times/d 94.2 8.0 1.00 (ref) 93.2 7.2 1.00 (ref) 95.1 8.7 1.00 (ref)
≥2 times/d 5.8 7.2 0.90 (0.72–1.12) 6.8 6.8 0.94 (0.69–1.27) 4.9 7.8 0.89 (0.65–1.22)

Meat intake weight
<35 g/d 53.2 8.1 1.00 (ref) 44.6 7.7 1.00 (ref) 60.8 8.4 1.00 (ref)
≥35 g/d 46.8 7.8 0.95 (0.86–1.05) 55.4 6.8 0.87 (0.75–1.01) 39.2 9.0 1.07 (0.94–1.22)

Vegetable intake times
<3 times/d 92.0 8.1 1.00 (ref) 92.4 7.3 1.00 (ref) 91.7 8.8 1.00 (ref)
≥3 times/d 8.0 6.4 0.78 (0.64–0.94) * 7.6 6.0 0.80 (0.59–1.09) 8.3 6.7 0.75 (0.58–0.97) *

Vegetable intake
weight

<400 g/d 85.9 7.8 1.00 (ref) 82.3 7.0 1.00 (ref) 89.2 8.4 1.00 (ref)
≥400 g/d 14.1 9.1 1.19 (1.04–1.36) * 17.7 8.1 1.17 (0.97–1.42) 10.8 10.6 1.29 (1.06–1.56) *

* represented p < 0.05; ** represented p < 0.01.

References
1. Kassebaum, N.J. The Global Burden of Anemia. Hematol. Oncol. Clin. N. Am. 2016, 30, 247–308. [CrossRef] [PubMed]
2. Stevens, G.A.; Finucane, M.M.; De-Regil, L.M.; Paciorek, C.J.; Flaxman, S.R.; Branca, F.; Peña-Rosas, J.P.; Bhutta, Z.A.; Ezzati, M.

Global, regional, and national trends in haemoglobin concentration and prevalence of total and severe anaemia in children and
pregnant and non-pregnant women for 1995–2011: A systematic analysis of population-representative data. Lancet Glob. Health
2013, 1, e16–e25. [CrossRef]

3. Balarajan, Y.; Ramakrishnan, U.; Ozaltin, E.; Shankar, A.H.; Subramanian, S.V. Anaemia in low-income and middle-income
countries. Lancet 2011, 378, 2123–2135. [CrossRef]

4. Haas, J.D.; Brownlie, T., IV. Iron Deficiency and Reduced Work Capacity: A Critical Review of the Research to Determine a Causal
Relationship. J. Nutr. 2001, 131, 676S–688S. [CrossRef]

5. Second International Conference on Nutrition. Conference Outcome Document: Framework for Action. Available online:
https://www.fao.org/3/mm215e/mm215e.pdf (accessed on 5 June 2022).

6. Bureau of Disease Control and Prevention; National Health and Family Planning Commission of the People’s Republic of China.
Report on Chinese Residents’ Chronic Diseases and Nutrition (2015); People’s Medical Publishing House: Beijing, China, 2016; p. 25.

7. Bureau of Disease Control and Prevention; National Health Commission of the People’s Republic of China. Report on Chinese
Residents' Chronic Diseases and Nutrition (2020); People’s Medical Publishing House: Beijing, China, 2021; p. 39.

8. Liu, F.; Zhang, X.; Wu, J. Analysis of correlation between prevalence rate of anemia among Chinese children and adolescents and
physical factors. Chin. J. Sch. Health 2017, 38, 3.

9. Wang, J.Y.; Hu, P.J.; Luo, D.M.; Dong, B.; Ma, Y.; Dai, J.; Song, Y.; Ma, J.; Lau, P.W.C. Reducing Anemia Among School-Aged
Children in China by Eliminating the Geographic Disparity and Ameliorating Stunting: Evidence from a National Survey. Front.
Pediatr. 2020, 8, 193. [CrossRef]

10. Kassebaum, N.J.; Jasrasaria, R.; Naghavi, M.; Wulf, S.K.; Murray, C.J.L. A systematic analysis of global anemia burden from 1990
to 2010. Blood 2013, 123, 615. [CrossRef]

11. Ji, Y. Modern Children and Adolescent Health; People’s Medical Publishing House: Beijing, China, 2010.
12. Zou, Y.; Zhang, R.H.; Xia, S.C.; Huang, L.C.; Fang, Y.Q.; Meng, J.; Chen, J.; Zhang, H.X.; Zhou, B.; Ding, G.Q. The Rural-Urban

Difference in BMI and Anemia among Children and Adolescents. Int. J. Environ. Res. Public Health 2016, 13, 1020. [CrossRef]
[PubMed]

13. Zhang, Y.X.; Chen, J.; Liu, X.H. Profiles of anemia among school-aged children categorized by body mass index and waist
circumference in Shandong, China. Pediatr. Neonatol. 2021, 62, 165–171. [CrossRef]

14. Yang, Z.; Li, Y.; Hu, P.; Ma, J.; Song, Y. Prevalence of Anemia and its Associated Factors among Chinese 9-, 12-, and 14-Year-Old
Children: Results from 2014 Chinese National Survey on Students Constitution and Health. Int. J. Environ. Res. Public Health 2020,
17, 1474. [CrossRef]

15. Gao, C.; Hu, X.; Zhang, Q.; Xu, P.; Li, L.; Yang, T.; Cao, W.; Gan, Q.; Pan, H.; Xu, J. Anemia status and related factors among
left-behind children in poverty-sticken rural areas in China, 2016. Chin. J. Epidemiol. 2019, 40, 6.

16. Wu, J.; Hu, Y.; Li, M.; Chen, J.; Mao, D.; Li, W.; Wang, R.; Yang, Y.; Piao, J.; Yang, L.; et al. Prevalence of Anemia in Chinese
Children and Adolescents and Its Associated Factors. Int. J. Environ. Res. Public Health 2019, 16, 1416. [CrossRef]

17. Yu, D.; Zhao, L.; Zhang, J.; Yang, Z.; Yang, L.; Huang, J.; Fang, H.; Guo, Q.; Xu, X.; Ju, L.; et al. China Nutrition and Health
Surveys (1982–2017). China CDC Wkly. 2021, 3, 3. [CrossRef] [PubMed]

http://doi.org/10.1016/j.hoc.2015.11.002
http://www.ncbi.nlm.nih.gov/pubmed/27040955
http://doi.org/10.1016/S2214-109X(13)70001-9
http://doi.org/10.1016/S0140-6736(10)62304-5
http://doi.org/10.1093/jn/131.2.676S
https://www.fao.org/3/mm215e/mm215e.pdf
http://doi.org/10.3389/fped.2020.00193
http://doi.org/10.1182/blood-2013-06-508325
http://doi.org/10.3390/ijerph13101020
http://www.ncbi.nlm.nih.gov/pubmed/27763565
http://doi.org/10.1016/j.pedneo.2020.11.002
http://doi.org/10.3390/ijerph17051474
http://doi.org/10.3390/ijerph16081416
http://doi.org/10.46234/ccdcw2021.058
http://www.ncbi.nlm.nih.gov/pubmed/34595042


Nutrients 2022, 14, 2449 11 of 11

18. WHO. Haemoglobin Concentrations for the Diagnosis of Anaemia and Assessment of Severity. Vitamin and Mineral Nutrition Information
System; WHO/NMH/NHD/MNM/11.1; World Health Organization: Geneva, Switzerland, 2011. Available online: https://apps.
who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?sequence=22&isAllowed=y (accessed on
5 June 2022).

19. Society, C.N. Dietary Guidelines for School-Aged Children in China (2022); People’s Medical Publishing House Co., Ltd.: Beijing,
China, 2022; pp. 74–77.

20. De Andrade Cairo, R.C.; Rodrigues Silva, L.; Carneiro Bustani, N.; Ferreira Marques, C.D. Iron deficiency anemia in adolescents;
a literature review. Nutr. Hosp. 2014, 29, 1240–1249. [CrossRef] [PubMed]

21. Kim, J.Y.; Shin, S.; Han, K.; Lee, K.C.; Kim, J.H.; Choi, Y.S.; Kim, D.H.; Nam, G.E.; Yeo, H.D.; Lee, H.G.; et al. Relationship
between socioeconomic status and anemia prevalence in adolescent girls based on the fourth and fifth Korea National Health and
Nutrition Examination Surveys. Eur. J. Clin. Nutr. 2014, 68, 253–258. [CrossRef] [PubMed]

22. Syed, S.; Addo, O.Y.; De la Cruz-Gongora, V.; Ashour, F.A.; Ziegler, T.R.; Suchdev, P.S. Determinants of Anemia among School-
Aged Children in Mexico, the United States and Colombia. Nutrients 2016, 8, 387. [CrossRef]

23. Luo, D.; Xu, R.; Ma, J.; Yan, X.; Hu, P.; Song, Y.; Jan, C.; Raat, H.; Patton, G.C. The associations of economic growth and anaemia
for school-aged children in China. Matern. Child Nutr. 2020, 16, e12936. [CrossRef]

24. Luo, D.; Yan, X.; Hu, P.; Zhang, J.; Lei, Y.; Song, Y.; Ma, J. Subnational disparity of anemia among Chinese Han students aged
7–14 years in 2014. Chin. J. Sch. Health 2019, 40, 6.

25. Hehua, R.; Mao, H.; Wang, H.; Cao, M. Research Progress on Influencing Factors of menarche age. Matern. Child Health Care China
2018, 33, 3.

26. WHO. Guideline: Intermittent Iron and Folic Acid Supplementation in Menstruating Women; World Health Organization: Geneva,
Switzerland, 2011. Available online: https://www.who.int/publications/i/item/9789241502023 (accessed on 5 June 2022).

27. Gayawan, E.; Arogundade, E.D.; Adebayo, S.B. Possible determinants and spatial patterns of anaemia among young children in
Nigeria: A Bayesian semi-parametric modelling. Int. Health 2014, 6, 35–45. [CrossRef]

28. Luo, R.; Zhang, L.; Liu, C.; Zhao, Q.; Shi, Y.; Miller, G.; Yu, E.; Sharbono, B.; Medina, A.; Rozelle, S. Anaemia among students of
rural China’s elementary schools: Prevalence and correlates in Ningxia and Qinghai’s poor counties. J. Health Popul. Nutr. 2011,
29, 471. [CrossRef] [PubMed]

29. Zimmermann, M.B.; Hurrell, R.F. Nutritional iron deficiency. Lancet 2007, 370, 511–520. [CrossRef]
30. Bentley, M.E.; Griffiths, P.L. The burden of anemia among women in India. Eur. J. Clin. Nutr. 2003, 57, 52–60. [CrossRef] [PubMed]
31. Pinhas-Hamiel, O.; Newfield, R.S.; Koren, I.; Agmon, A.; Lilos, P.; Phillip, M. Greater prevalence of iron deficiency in overweight

and obese children and adolescent. Int. J. Obes. 2003, 27, 416–418. [CrossRef] [PubMed]
32. Zhao, L.; Zhang, X.; Shen, Y.; Fang, X.; Wang, Y.; Wang, F. Obesity and iron deficiency: A quantitative meta-analysis. Obes. Rev.

2015, 16, 1081–1093. [CrossRef] [PubMed]
33. Hutchinson, C. A review of iron studies in overweight and obese children and adolescents: A double burden in the young? Eur.

J. Nutr. 2016, 55, 2179–2197. [CrossRef]
34. Yu, Q.; Melse-Boonstra, A.; Pan, X.; Yuan, B.; Dai, Y.; Zhao, J.; Zimmermann, M.B.; Kok, F.J.; Zhou, M.; Shi, Z. Anemia in relation

to body mass index and waist circumference among chinese women. Nutr. J. 2013, 12, 10.
35. Li, S.; Mengyao, L.; Xiaolu, L.; Mengting, Q.; Ziyan, H. Prevalence of iron deficiency anemia and the association with dietary

nutrition fact of preschool children in rural Anhui Province. Chin. J. Sch. Health 2021, 42, 1793–1797. [CrossRef]

https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?sequence=22&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?sequence=22&isAllowed=y
http://doi.org/10.3305/nh.2014.29.6.7245
http://www.ncbi.nlm.nih.gov/pubmed/24972460
http://doi.org/10.1038/ejcn.2013.241
http://www.ncbi.nlm.nih.gov/pubmed/24300911
http://doi.org/10.3390/nu8070387
http://doi.org/10.1111/mcn.12936
https://www.who.int/publications/i/item/9789241502023
http://doi.org/10.1093/inthealth/iht034
http://doi.org/10.3329/jhpn.v29i5.8901
http://www.ncbi.nlm.nih.gov/pubmed/22106753
http://doi.org/10.1016/S0140-6736(07)61235-5
http://doi.org/10.1038/sj.ejcn.1601504
http://www.ncbi.nlm.nih.gov/pubmed/12548297
http://doi.org/10.1038/sj.ijo.0802224
http://www.ncbi.nlm.nih.gov/pubmed/12629572
http://doi.org/10.1111/obr.12323
http://www.ncbi.nlm.nih.gov/pubmed/26395622
http://doi.org/10.1007/s00394-016-1155-7
http://doi.org/10.16835/j.cnki.1000-9817.2021.12.009

	Introduction 
	Materials and Methods 
	Data Source 
	Survey Method 
	Anemia Definition 
	Influencing Factor Variables 
	Statistical Analysis Method 
	Mapping Method 
	Ethical Approval 

	Results 
	Adolescent Girl Hemoglobin and Anemia Status 
	Regional Disparities of Adolescent Girl Anemia 
	Influencing Factors of Anemia 

	Discussion 
	Conclusions 
	Appendix A
	References

