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Background: Iron deficiency anemia (IDA) is a disease prevalent throughout the world.
However, there is limited information regarding whether familial factors are associated
with the risk of adolescent IDA.
Methods: This study evaluated the association between adolescent IDA and family history of IDA using data from the fifth Korea National Health Nutrition Survey (2010-2012).
Data from 10-18-year-old children who underwent laboratory testing were analyzed.
Results: The overall prevalence of IDA was 3.1% (95% confidence interval [CI]: 2.4-4.1%),
with prevalence of 0.5% among boys (95% CI: 0.2-1.3%) and 6.2% among girls (95%
CI: 4.6-8.3%). The prevalence of IDA was associated with female sex (odds ratio [OR]:
13.43, 95% CI: 4.92-36.65; P＜0.001) and a family history of IDA (OR: 3.12, 95% CI:
1.11-8.76; P=0.03). Other risk factors for IDA were receiving social welfare support (OR:
3.31, 95% CI: 1.45-7.56; P=0.031), low maternal education (OR: 3.12, 95% CI: 1.39-6.99;
P=0.006), receiving charitable food support (OR: 2.27: 95% CI: 0.95-5.44; P=0.04), poor
body-image (OR: 2.14, 95% CI: 1.16-3.93; P=0.026), and weight-loss efforts (OR: 2.42,
95% CI: 1.27-4.61; P=0.01). Nutritional supplementation protected against IDA (OR: 0.40,
95% CI: 0.19-0.82; P=0.007), although adolescents with awareness of nutritional labels
had a high IDA prevalence (OR: 8.06, 95% CI: 1.71-38.05; P＜0.001).
Conclusion: A family history of IDA was an independent risk factor for IDA. Further
studies are needed to determine whether family-level educational interventions can reduce the risk of adolescent IDA.
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developed, developing, and even developed countries. The

Introduction

world-wide prevalence of iron deficiency among pre-school
Iron deficiency anemia (IDA) is prevalent in un-

children is approximately 25%, and the prevalence in-
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creases in rural areas or countries with a low development
index [1]. The prevalence of IDA in South Korea was 0.7%
for men (95% confidence interval [CI]: 0.3-1.0%) and 8.0%
th

for women (95% CI: 6.8-9.2%), based on data from the 5

Materials and Methods
1) Study population

Korea National Health and Nutrition Examination Survey

The KNHANES participants were randomly selected us-

(KNHANES) [2]. The risk of IDA is associated with low birth

ing a stratified multistage sampling process, although in-

weight [3,4], female sex during the reproductive age [5],

dividuals were excluded if they were in a nursing home

prolonged breast feeding with unfortified food [3], menor-

or facility, soldiers, prisoners, or non-Koreans. Women who

rhagia [5], low socio-economic status [1,6], and low mater-

were pregnant, and the individuals who were in treatment

nal education [6]. Studies regarding IDA in infancy have

of chronic disorder, including pulmonary tuberculosis,

demonstrated that IDA can lead to serious cognitive prob-

chronic renal failure requiring dialysis, various cancer,

lems that extend into adulthood [7-10].

chronic rheumatoid disorders, liver cirrhosis at the time of

Maternal IDA during the perinatal period can also influ-

the survey were excluded. The primary data from the 5

th

ence the child’s risk of developing anemia, which can also

KNHANES were searched for records of participants who

lead to various health problems [11-14]. However, previous

were 10-18 years old, and these participants were matched

studies regarding the influence of maternal IDA on the

to their parents’ records. The available laboratory data in-

child’s risk of anemia have various limitations. For exam-

cluded red blood cell counts, hemoglobin levels, serum

ple, most studies have focused on the influence of maternal

iron levels, serum total iron-binding capacity, and serum

IDA on infants and toddlers, and few studies have exam-

ferritin levels. The participants’ records also contained data

ined the family-related effects of IDA among older children.

regarding various socio-economic factors, such as family in-

Nevertheless, the risk of IDA later in life can be related to

come, education level, and reception of various forms of

the individual’s socio-economic status, lifestyle, and habits.

social welfare support. Finally, the records contained data

In this context, family settings can influence individuals’

regarding each participant’s physical and mental health,

food habits and preferences, lifestyle (e.g., exercise), nutri-

such as feelings of happiness and healthiness, health inter-

tional supplementation, and health interests, which might

ests, body image, attempts and methods for losing weight,

all affect the prevalence and risk of IDA later in life.

exercise, nutritional supplementation, and nutritional

Our study aimed to determine whether parental IDA affected the risk of IDA among Korean adolescents who were
included in the 5th KNHANES. This survey is South Korea’s

knowledge.
2) Variable definitions

largest nation-wide cross-sectional study, and has been con-

The World Health Organization’s criteria for anemia were

ducted every 3 years since 1998 by the Korean Ministry of

adopted, which identify anemia based on a hemoglobin

th

Health and Welfare. The 5 KNHANES (2010- 2012) is the

level of ＜12.0 g/dL (＜15 years old), ＜13.0 g/dL (≥15-

only survey that included laboratory testing for hemoglobin,

year-old males), or ＜12.0 g/dL (≥15-year-old females).

serum iron, total iron-binding capacity, and ferritin in adults

The presence of IDA was identified based on the coex-

and adolescents over 10 years of age. Furthermore, the sur-

istence of age-dependent anemia, serum ferritin levels of

vey is performed using family-level units, which makes the

＜15 ng/mL, and transferrin saturation of ＜16%.

th

5 KNHANES ideal for examining the prevalence of adoles-

Body mass index (BMI) was used to classify the partic-

cent IDA and its relationships with a family history of IDA

ipants as obese (BMI of ≥25 kg/m2 at ＞18 years old or

and other risk factors.

≥95% of the age-specific reference value at ＜18 years
old), normal weight, or underweight (BMI of ＜18.5 kg/m

2

at ＞18 years old or ＜5% of the age-specific reference value at ＜18 years old). The age-specific reference values

32

Vol. 25, No. 1, April 2018

Family History as a Risk Factor for Iron Deficiency Anemia

were obtained from the 2007 standard growth chart for
Korean children and adolescents. Household income was
divided into quartiles based on data from the time of the
survey. Participants were considered to perform regular exercise if they performed medium-intensity exercise at least
3 times per week.
3) Statistical analysis
The KNHANES is designed to provide a complex and
representative sample of participants, based on stratification, clustering, and unequal weighting. All statistical
analyses were performed according to the relevant strata,
clusters, and weightings from the guidelines regarding the
use of primary KNHANES data, which are published by the
Korean Centers for Disease Control and Prevention [15].

Fig. 1. Study flow chart.

Prevalences of IDA and their 95% CI were calculated and
compared using the chi-square test. In addition, the

associations with adolescent IDA. For example, a high

chi-square test was used to evaluate the associations be-

prevalence of adolescent IDA was associated with receiving

tween IDA prevalence and socioeconomic, personal, and

social welfare support (P=0.031), low maternal education

family factors. Two-sided P-values of ＜0.05 were consid-

(P=0.006), and receiving charitable food support (P=0.04).

ered statistically significant. All statistical analyses were per-

A family history of IDA was also associated with a high

formed using IBM SPSS software (version 22.0; IBM Corp.,

prevalence of IDA (P=0.03). In addition, the prevalence of

Armonk, NY).

IDA was associated with poor body image (P=0.026) and
weight control efforts (P=0.01). Nutritional supplement was

Results

associated with decreased IDA in adolescents (P=0.007), although nutrition education did not have a significant impact

th

The 5 KNHANES included 31,596 randomly selected in-

on IDA reduction (P=0.076). However, adolescents who

dividuals from 11,520 families, with a total of 25,534 partic-

were aware of nutritional labels had a high prevalence of

ipants (M:F=1.18:1). A total of 2,918 adolescents aged 10

IDA (P＜0.001).

to 18 (M:F=1.15:1) completed the laboratory test. Fig. 1
shows the study flow chart.

The multivariate model included all of the variables from
Table 1, and the results are shown in Table 2. Low house-

The overall prevalence of IDA was 4.5% (95% CI:

hold income, receiving social welfare support, and low ma-

4.1-4.8%), which was similar to the result from a previous

ternal education were not significant risk factors. However,

study of IDA [2]. The prevalence of IDA in adolescents was

the risk of adolescent IDA was independently associated

3.1% (95% CI: 2.4-4.1%).

with a family history of IDA (P=0.034), female sex (P=

Several variables were analyzed to identify the risk asso-

0.043), no nutritional education (P=0.012), and awareness

ciated with IDA (Table 1). Female sex was a risk factor for

of nutritional labels (P=0.009). Interestingly, unlike in the

IDA (odds ratio [OR]: 8.2, 95% CI: 7.5-8.8), although male

univariate analysis, obesity was independently associated

sex was not (OR: 0.9, 95% CI: 0.7-1.2), and this difference

with IDA (P＜0.001). However, IDA was not significantly

was statistically significant (P＜0.001). Adolescent girls

associated with poor body image (P=0.607), weight control

showed a higher risk of IDA than adolescent boys (P＜

efforts (P=0.319), nutritional supplementation (P=0.866), or

0.001). The socioeconomic variables exhibited inconsistent

use of nutritional labels (P=0.622).
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Table 1. Prevalence and risk of iron deficiency anemia according to various factors

Sex
Household income quartile

Social welfare support
Paternal education
Maternal education
Family history of IDA
Charitable food support
Body image
Weight control efforts
2

Obesity (≥25 kg/m or
≥95 percetile)
Regular exercise
Nutritional education
Nutritional supplements
Nutritional label awareness
Nutrition label use

Prevalence (95% CI)

Odds ratio (95% CI)

Male
Female
1

0.5 (0.2-1.3)
6.2 (4.6-8.3)
5.5 (2.6-8.4)

13.43 (4.92-36.65)

2

3.2 (1.6-4.9)

3
4
Yes
No
Until high school
College/university or later
Until high school
College/university or later
Yes
No
Yes
No
Poor
Good
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

2.2
2.1
25.0
9.5
12.3
7.7
12.6
6.1
18.7
6.3
15.8
10.3
17.2
8.9
14.7
7.1
10.2
11.4
15.2
13.8
6.6
12.1
6.6
13.1
12.7
1.7
16.8
10.54

(0.8-3.5)
(0.6-3.6)
(11.1-38.9)
(6.8-12.2)
(7.1-17.5)
(3.5-11.8)
(8.8-17.2)
(2.44-9.8)
(8.9-28.4)
(1.7-10.9)
(5.2-26.4)
(7.2-13.4)
(10.7-23.6)
(5.9-11.8)
(10.3-19.16)
(3.7-10.4)
(0.9-21.17)
(8.5-14.3)
(4.0-26.4)
(10.0-17.5)
(1.65-11.5)
(8.5-15.6)
(2.5-9.4)
(9.2-17.0)
(9.1-16.3)
(0.9-4.3)
(9.7-23.9)
(6.3-14.8)

P-value
＜0.001

2 vs. 1
1.75 (0.79-3.87)
3 vs. 1
2.62 (1.09-6.29)
4 vs. 1
2.74 (1.09-6.73)
3.31 (1.45-7.56)

0.031

2.15 (0.98-4.72)

0.056

3.12 (1.39-6.99)

0.006

3.12 (1.11-8.76)

0.030

2.27 (0.95-5.44)

0.040

2.14 (1.16-3.93)

0.026

2.42 (1.27-4.61)

0.010

0.448 (0.11-1.82)

0.836

0.71 (0.26-1.95)

0.510

1.73 (0.75-4.01)

0.076

0.40 (0.19-0.82)

0.007

8.06 (1.71-38.05)
0.57 (0.29-1.13)

0.295

＜0.001
0.147

IDA, iron deficiency anemia; CI, confidence interval.

Discussion

and obesity.
Infants, and pregnant or premenopausal women are age

This study evaluated IDA among Korean adolescents us-

groups that are at-risk for IDA, and previous studies have

ing nationally representative data, and revealed that the

usually evaluated these groups [3,4,11,12,23,24]. However,

prevalence of IDA among Korean adolescents was asso-

adolescence is an important period of rapid growth and de-

ciated with several previously reported risk factors, such as

velopment, which require adequate nutritional supplies. In

low economic status, female sex, low maternal education,

addition, adolescents are still influenced by their family cir-

and receiving social welfare [2,6,10,16,17]. Interestingly, al-

cumstances and lifestyle, as well as other social interactions

though obesity is reportedly associated with IDA [2,18-22],

with classmates and peers. However, few studies have eval-

we could only detect a significant relationship between

uated IDA among adolescents [25,26] and the duration of

obesity and IDA in multivariate analysis. Thus, further stud-

the “maternal effect” remains unclear, as previous studies

ies are needed to evaluate the relationship between IDA

have focused on the association of maternal anemia or iron
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Table 2. Multivariate analysis of risk factors for iron deficiency
anemia

programs for school-aged children, with middle- and

Odds ratio (95% CI) P-value

Thus, individual-level differences in meal contents are

Sex
Household income quartile

Social welfare support
Charitable food support
Family history of IDA
Low paternal education
Low maternal education
Poor body image
Weight control efforts
Obesity
Regular exercise
No nutritional education
Nutritional supplementation
Nutritional label awareness
Nutritional label use

22.04 (1.11-438.82)
2 vs. 1
1.75 (0.79-3.87)
3 vs. 1
2.62 (1.09-6.29)
4 vs 1
2.71 (1.09-6.73)
0.66 (0.02-28.31)
4.19 (1.45-12.15)
4.51 (1.09-18.69)
0.39 (0.09-1.82)
6.82 (0.96-48.44)
1.61 (0.26-9.93)
2.34 (0.44-12.55)
4.53 (0.86-23.93)
1.89 (0.21-17.73)
6.82 (1.08-4.31)
0.85 (0.13-5.69)
8.1 (1.7-38.5)
0.64 (0.11-3.78)

0.043
0.083

high-school students also having access to dinner programs.
mainly attributable to breakfast, inter-meal snacks, and
weekend meals.
The present study revealed that lifestyle factors (e.g.,
regular exercise) did not protect against IDA. In addition,
poor body image and efforts to lose weight were associated

0.828
0.023
0.034
0.221
0.055
0.607
0.319
0.001
0.574
0.012
0.866
0.596
0.622

IDA, iron deficiency anemia; CI, confidence interval.

with increased risks of IDA, which suggests that these factors might lead to nutritional imbalance and deficiency. The
relationship between nutritional label awareness and IDA
is difficult to interpret, although it is possible that adolescents might focus on calorie contents instead of health-promoting nutrients. This possible relationship might be related to the same mechanism as the relationships between
IDA and poor body image or efforts to lose weight.
Nevertheless, the present study has limited ability to explain the underlying factors, and further studies are needed
to understand and develop risk models for examining the
relationship between familial factors and adolescents with

deficiency and IDA among neonates, infants, or toddlers

IDA. Furthermore, the present study revealed that nutri-

[11,12,14,21,24]. In this context, maternal knowledge and

tional education did not protect against IDA, which in-

feeding practices affect their children’s risk of IDA [6,21],

dicates that current education interventions are not effec-

although the child’s preferred foods and eating habits might

tively improving health and nutrition knowledge in Korean

change over time and be affected by their family members,

adolescents aged 10 to 18. Moreover, maternal education

classmates, or peers.

level was significantly related to the prevalence of IDA

Obesity in children and adolescents is a disease entity

among adolescents, which suggests that maternal knowl-

that can be influenced by the family setting [27-29]. In addi-

edge and interest regarding nutrition and health still exert

tion, children with type 2 diabetes mellitus tend to have

some effect on their children’s health.

family members with type 2 diabetes [30]. Also, adolescents
with a parental history of diabetes have increased risks of

Conclusion

overweight/obesity, hypertension, and metabolic syndrome
[31]. In this context, the present study revealed that a family

The present study revealed that the development of IDA

history of IDA was significantly associated with an in-

in adolescents was related to a family history of IDA.

creased risk of adolescent IDA, which might be similar to

Therefore, additional studies are needed to better under-

the familial relationships for other chronic disorders men-

stand the relationship between family setting and adoles-

tioned above (e.g., obesity, diabetes mellitus, and metabol-

cent IDA. Furthermore, additional measures should be de-

ic syndrome). However, cause-result relationship of the

veloped to prevent IDA among adolescents, and it is possi-

familial factors and increased prevalence of adolescent IDA

ble that family-level educational interventions may help ad-

is still weak. Therefore, close mechanisms of the familial

dress this issue.

effect to the occurrence of IDA should be further
investigated. Interestingly, Korean schools provide lunch
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