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Prevalence and Risk Factors for Iron Deficiency Anemia in the 
Korean Population: Results of the Fifth Korea National Health 
and Nutrition Examination Survey

This study assessed the prevalence of, and risk factors for, iron deficiency (ID) and iron 
deficiency anemia (IDA) among participants of the fifth Korean Health and Nutrition 
Examination Survey, 2010. Of 8,958 participants, 6,758 individuals ≥ 10 yr had sufficient 
data for the analysis of anemia and iron status. ID was defined as a transferrin saturation 
< 10% or serum ferritin < 15 μg/L. The prevalence of ID and IDA was 2.0% (95% 
confidence interval [CI], 1.3%-2.6%) and 0.7% (95% CI, 0.3%-1.0%), respectively, in 
males, and 22.4% (95% CI, 20.7%-24.2%) and 8.0% (95% CI, 6.8%-9.2%), respectively, 
in females. In reproductive age females, the prevalence of ID and IDA was 31.4% (95% CI, 
28.9%-33.8%) and 11.5% (95% CI, 9.6%-13.4%), respectively. Compared to the 
prevalence of IDA in adult males 18-49 yr, the relative risks of IDA in adults ≥ 65 yr, 
lactating females, premenopausal females, and pregnant females were 8.1, 35.7, 42.8, 
and 95.5, respectively. Low income, underweight, iron- or vitamin C-poor diets were also 
associated with IDA. For populations with defined risk factors in terms of age, gender, 
physiological state and socioeconomic and nutritional status, national health policy to 
reduce IDA is needed.
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INTRODUCTION

Iron deficiency (ID) is the most common nutritional deficiency 
and is a major cause of morbidity and mortality that is respon-
sible for the majority of cases of anemia, ~20% of perinatal and 
~10% of maternal mortalities in developing countries (1). The 
National Health and Nutrition Examination Survey (NHANES) 
found that the prevalence of ID in the US females 20-49 yr and 
children 1-2 yr increased from 11% and 9%, respectively, in 1988-
1994 to 14.4% and 15.7%, respectively, in 2002-2004 (2, 3). ID, 
with or without anemia, adversely affects cognitive performance, 
the behavior and physical growth of infants, preschool and school-
aged children, decreases immunity, and increases perinatal risks 
during pregnancy (4-6). In addition to the effects on health, ID 
reduces work capacity and productivity of adolescents and adults 
of any age, and has a negative impact on overall national socio-
economic development (6, 7). 
 Surprisingly, even though ID is one of 10 most common risk 
factors related to the worldwide disease- and injury-burden (1), 
the prevalence for ID is not known for most countries due to 
the high cost of the biochemical tests required to precisely de-
fine an individual’s iron status. Due to this, the prevalence of 

anemia is commonly used as an indirect indicator of ID, based 
on the assumption that ~50% of all cases of anemia are iron de-
ficient (IDAs). The Korea National Health and Nutrition Exami-
nation Survey (KNHANES) is a large-scale, cross-sectional na-
tionwide survey by the Korean Ministry of Health and Welfare. 
It was first conducted in 1998 and then conducted every 3 yr 
until the present. Since 1998, the KHANES has identified the 
prevalence of anemia as 7.4%-9.5% overall, with a prevalence of 
2.2%-4.8% in males and 11.9%-16.5% in females (8). Among 
participants of the fourth KHANES in 2008 (KHANES IV-2), Kim 
et al. found that the prevalence of ID in females was 17.2% at 
10-14 yr, 24.1% at 15-17 yr, 33.0% at 18-49 yr, and 5.7% at ≥ 70 
yr. In males the prevalence of ID was 8.6% at 10-14 yr, 3.9% at 
15-17 yr, and 2.6% at ≥ 70 yr (9). This is the only nationwide re-
port of ID in Korean populations. However, a major limitation 
of this study (9) is that ID was defined solely by the ferritin level 
(< 15 ng/mL), and there was no analysis of other indicators to 
assess iron status such as serum iron, total iron-binding capaci-
ty and transferrin receptors. 
 In order to plan interventions to reduce the prevalence of 
iron deficiency anemia (IDA), particularly in susceptible popu-
lations, serum iron and total iron-binding capacity tests were 
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added to KNHANES in 2010 (KNHANES V-1). The goal of the 
current study was to analyze KHANES V-1 data to accurately 
determine the prevalence of ID and IDA, identify at-risk groups 
for IDA and their degree of risk. In addition, we sought to iden-
tify novel socioeconomic and nutritional factors for IDA.  

MATERIALS AND METHODS

Study population
Primary data was extracted from KNHANES V-1. KNHANES 
consists of a health interview, health examination, and nutri-
tional survey. Details of the surveys in 2010 have been previ-
ously described (8). In KNHANES V-1, non-institutionalized in-
dividuals were randomly selected by stratified, multistage-de-
signed sampling; individuals in nursing homes, soldiers, pris-
oners and non-Koreans were excluded. Of the 10,938 people 
who were randomly selected for the KNHANES V-1, 8,958 par-
ticipated. Blood tests were planned for individuals ≥ 10 yr. Of 
the 8,958, we selected all individuals (n = 6,758) for whom all 
relevant anemia and ID data were available. 

Definition of anemia and ID 
Anemia was defined in accordance to WHO criteria (10): He-
moglobin (Hb) < 11.5 g/dL at 10-11 yr; < 12.0 g/dL at 12-14 yr; 
< 13.0 g/dL in males ≥ 15 yr; < 12.0 g/dL in non-pregnant fe-
males ≥ 15 yr; and < 11.0 g/dL during pregnancy. ID was de-
fined as either < 10% transferrin saturation (TS) or < 15 μg/L 
serum ferritin. IDA was confirmed as anemia with ID. Anemia 
was graded according to severity (Hb > 10 g/dL for mild, 7-10 
g/dL for moderate, and < 7 g/dL for severe), and normocytic 
anemia was defined as anemia with mean corpuscular volume 
(MCV) of 80-100 fL.

Categorization and transformation of variables
The five vulnerable groups were children during the rapid growth 
(12-15 yr for boys, 10-13 yr. for girls), adults ≥ 65 yr, lactating fe-
males, premenopausal females, and pregnancy. In individuals 
≥ 19 yr, body mass index (BMI) ≥ 25 kg/m2 was considered obese, 
and < 18.5 kg/m2 was considered underweight. Nutritional in-
take was assessed based on the Dietary Reference Intakes for 
Koreans 2010 by the Korean Nutrition Society (11). Recommen-
ded Nutrient Intake (RNI) was used to define iron, vitamin C, 
and protein deficiencies. The Estimated Energy Requirement 
(EER) was used to define energy deficiency. Incomes were di-
vided into quartiles, based on household monthly equivalent 
income—monthly family income divided by square root of the 
number of family members.

Statistical analysis
Weighted results were estimated using survey sample weight 
variables. Prevalence and 95% confidence intervals (CI) were 

calculated using the SAS Survey Procedures (PROC SURVEY-
FREQ). The chi-square test was used to compare the prevalence 
of IDA in vulnerable populations and males 18-49 yr and deter-
mine relative risks, as well as the strength of the associations 
between IDA prevalence and socioeconomic or nutritional sta-
tus in individuals ≥ 19 yr. Two-sided P values < 0.05 were con-
sidered statistically significant. All statistical analyses were per-
formed using SAS version 9.2 (SAS Institute Inc, Cary NC, USA).

Ethics statement
All participants in KNHANES signed an informed consent form 
and the survey was approved by the institutional review board 
of Centers for Disease Control and Prevention in Korea (IRB No. 
2010-02CON-21-C). The informed consent for current study 
was exempted because this study was secondary analysis using 
the KNHANES dataset.

RESULTS

Baseline characteristics of the study population
Of a total of 6,758 population, male were 3,041 (45.0%). The dis-
tribution of age group was 917 (13.6%) in 10-19 yr, 669 (9.9%) in 
20-29 yr, 1,203 (17.8%) in 30-39 yr, 1,133 (16.8%) in 40-49 yr, 1,137 
(16.8%) in 50-59 yr, 970 (14.4%) in 60-69 yr, 632 (9.4%) in 70-79 
yr, 97 (1.4%) in 80 yr and older. Of 3,717 females, reproductive 
aged group (15-49 yr) was 1,892 (50.9%). Mean Hb value of cur-
rent survey population according to age and sex was as follows: 
14.0 ± 0.9 in 10-14 yr, 15.2 ± 0.8 in 15-17 yr, 15.5 ± 1.0 in 18-49 
yr, 15.2 ± 1.2 in 50-59 yr, 15.2 ± 1.2 in 60-69 yr and 14.3 ± 1.4 in 
70 and older for males and 13.4 ± 0.8 in 10-14 yr, 13.1 ± 1.0 in 
15-17 yr, 12.8 ± 1.2 in 18-49 yr, 13.2 ± 1.0 in 50-59 yr, 13.2 ± 1.0 
in 60-69 yr and 12.9 ± 1.2 in 70 and older for females.
 
Prevalence of anemia
Of the 6,758 study population, 569 were anemic, including 95 
males and 474 females. The overall prevalence of anemia in the 
population ≥ 10 yr was 7.4% (95% CI, 6.7%-8.1%), with a preva-
lence of 2.4% (95% CI, 1.6%-3.1%) for males and 12.6% (95% CI, 
11.3%-13.9%) for females. The prevalence of anemia according 
to age and sex was summarized in Table 1. Relative to age and 
sex, anemia was least prevalent (0%-1.1%) in males 10-49 yr, 
but gra dually increased to 12.8% by ≥ 70 yr. Whereas 47.3% of 
anemic males were ≥ 70 yr, 61.2% of anemic females were of 
reproductive age (15-49 yr); 14.4% (95% CI, 12.5%-16.3%), of re-
productive-age females were anemic, decreasing by ~half in fe-
males 50-69 yr and then increased steadily to 20.7% (95% CI, 
15.7%-25.8%) in females ≥ 70 yr. In adult females, the prevalence 
of anemia was lowest between 55-59 yr, and highest (24.9%) 
≥ 75 yr. Between 15-54 yr, the prevalence of anemia in females 
was consistently higher than in males, but there were no gender 
differences outside of this age range.
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Severity and characteristics of anemia
The mean Hb of the 569 anemic individuals was 11.1 ± 1.1 g/dL 
(range, 6.9-12.9); anemia was mild in 486 (85.4%), moderate in 
82 (14.4%), and severe in only 1 (0.2%). The majority (n = 421; 
74%) were normocytic, 132 (23.2%) were microcytic, and 16 
(2.8%) were macrocytic anemia. In the IDA subgroup (see be-
low), mean Hb was 10.6 ± 1.2 (range 6.9-12.9). 130 (45.1%) were 
microcytic and others were normocytic; and the numbers of 
patients with mild, moderate, or severe anemia were 210 (72.9%), 
77 (26.7%), and 1 (0.3%), respectively. 

Prevalence of ID and IDA
The prevalence of ID was 12.1% overall (95% CI, 11.2%-13.0%), 
with a prevalence of 2.0% (95% CI, 1.3%-2.6%) in males and 
22.4% (95% CI, 20.7%-24.2%) in females. The overall prevalence 
of IDA was 4.3% (95% CI, 3.6%-4.9%), with a prevalence of 0.7% 
(95% CI, 0.3%-1.0%) in males and 8.0% (95% CI, 6.8%-9.2%) in 
females. The prevalence of ID and IDA according to age and sex 
is summarized in Table 2. The prevalence of ID followed a simi-
lar trend to anemia. In males, ID was most common between 
10-14 yr and ≥ 70 yr, IDA prevalence in males was least com-

mon between 18-49 yr (0.3%; 95% CI, 0.0%-0.6%). The preva-
lence of IDA in males increased steadily after age 50 yr, to ~2% 
between 50-74 yr, and 4% (95% CI, 0.0%-9.7%) ≥ 75 yr. In fe-
males, ID and IDA were most common in the reproductive age 
group (15-49 yr)—31.4%; 95% CI, 28.9%-33.8%) and 11.5% (95% 
CI, 9.6%-13.4%), respectively. The prevalence of IDA in females 
followed a similar trend to anemia, dropping rapidly after age 
50 yr, to 5.5% between 50-54 yr, 0.4%-1.3% between 55-74 yr, 
and then increased to 4.9% in at ≥ 75 yr. There was no signifi-
cant gender difference in the prevalence of IDA after age 55 yr. 

Proportions of IDA in ID and anemia
In the whole study population, 813 (71 males and 742 females) 
and 288 (22 males and 266 females) had ID or IDA, respective-
ly. ID does not always lead to anemia: 31.0% of males and 35.8% 
of female with ID were also anemic. Overall, ~50% of anemias 
were IDA but there was a marked gender disparity: 56.1% of all 
anemias in females, and 76.6% in those of reproductive age, were 
IDA, vs only 23.2% of anemias in males. In females over 50 yr, 
52.7% of anemias were IDA between 50-54 yr compared to only 
20.0% between 55-59 yr. In the elderly ( ≥ 60 yr), only 17.1% of 

Table 1. Prevalence of anemia according to age and sex 

Age (yr)

Males Females

P valueTotal
No.

Anemia
No.

Prevalence
rate (%)

95%
CI

Total
No.

Anemia
No.

Prevalence
rate (%)

95%
CI

10-14 292 1 1.0 0.0-2.9 239 8 3.3 0.5-6.0 0.25
15-17 139 0 . . 118 12 10.1 4.0-16.3 .
18-49 1,360 10 1.1 0.1-2.1 1,774 278 14.7 12.8-16.7 <  0.001
50-59 466 14 3.0 1.2-4.7 671 56 7.9 5.5-10.4 0.003
50-54 244 6 2.3 0.3-4.3 372 36 9.7 6.1-13.4 0.002
55-59 222 8 3.9 0.9-7.0 299 20 5.3 2.8-7.9 0.50
60-69 452 25 5.7 3.3-8.1 518 42 7.7 5.1-10.2 0.26
60-64 236 15 6.6 3.1-10.3 261 18 6.9 3.5-10.2 0.94
65-69 216 10 4.4 1.3-7.6 257 24 8.6 4.5-12.8 0.08
≥ 70 332 45 12.8 8.2-17.5 397 78 20.7 15.7-25.8 0.05
70-74 189 24 10.6 5.8-15.5 216 36 15.5 10.3-20.6 0.20
≥ 75 143 21 15.4 7.5-23.4 181 42 24.9 17.2-32.6 0.15

Table 2. Prevalence of ID and IDA according to age and sex

Age (yr)
Males Females ID Prevalence, % (95% CI) IDA Prevalence, % (95% CI)

Total No. ID No. IDA No. Total No. ID No. IDA No. Males Females P value Males Females P value

10-14 292 20 1 239 43 6 6.8 (2.8-10.8) 18.6 (12.0-25.2) 0.003 1.0 (0.0-2.9) 2.6 (0.1-5.1) 0.38
15-17 139 5 0 118 44 10 3.2 (0.3-6.2) 34.7 (23.4-46.1) < 0.001 . 9.0 (3.2-14.9) .
18-49 1,360 13 3 1,774 549 212 1.0 (0.4-1.6) 31.1 (28.5-33.7) < 0.001 0.3 (0.0-0.6) 11.7 (9.8-13.6) < 0.001
50-59 466 8 6 671 59 23 1.7 (0.4-2.9) 9.0 (6.6-11.4) < 0.001 1.3 (0.1-2.4) 3.7 (2.0-5.4) 0.03
50-54 244 5 3 372 45 19 1.8 (0.1-3.5) 12.3 (8.9-15.7) < 0.001 1.1 (0.0-2.5) 5.5 (2.8-8.2) 0.01
55-59 222 3 3 299 14 4 1.5 (0.0-3.3) 4.1 (1.6-6.5) 0.13 1.5 (0.0-3.3) 0.9 (0.0-1.9) 0.56
60-69 452 9 5 518 25 4 2.1 (0.5-3.7) 5.3 (3.2-7.4) 0.01 1.0 (0.1-1.8) 0.8 (0.0-1.6) 0.76
60-64 236 7 5 261 8 1 2.8 (0.4-5.3) 3.8 (1.0-6.6) 0.47 1.7 (0.2-3.2) 0.4 (0.0-1.1) 0.13
65-69 216 2 0 257 17 3 1.1 (0.0-2.7) 7.1 (3.4-10.8) < 0.001 . 1.3 (0.0-2.9) ∙
≥ 70 332 16 7 397 22 11 5.7 (2.4-9.0) 6.4 (3.3-9.6) 0.75 2.8 (0.0-5.5) 3.2 (1.1-5.3) 0.80
70-74 189 9 4 216 6 3 4.5 (1.5-7.4) 3.1 (0.3-6.0) 0.54 1.7 (0.0-3.4) 1.1 (0.0-2.5) 0.61
≥ 75 143 7 3 181 16 8 7.1 (0.8-13.5) 9.0 (3.9-14.2) 0.68 4.0 (0.0-9.8) 4.9 (1.3-8.4) 0.82
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Table 3. Prevalence of ID and IDA in females according to menstruation, pregnancy and lactation

Population group Median age (range) (yr) Total No.
ID IDA

No. Prevalence, % (95% CI) No. Prevalence, % (95% CI)

Premenarche 11 (10-16) 87 12 16.4 (6.4-26.3) 0 ∙
Premenopause 35 (10-56) 1,974 627 32.1 (29.5-34.6) 231 11.5 (9.6-13.4)
Pregnancy 31 (24-38) 33 17 60.0 (31.6-70.3) 7 25.7 (9.5-41.8)
Lactation 31 (25-39) 47 3 11.4 (0.0-23.1) 2 9.6 (0.0-21.2)
Amenorrhea 62 (23-93) 1,538 76 5.3 (4.0-6.7) 24 1.7 (0.9-2.6)

Table 4. Relative risk of IDA in vulnerable populations

Population group Total No. IDA No.
IDA

Prevalence, %
95% CI Relative risk P value

Adult males aged 18 to 49-yr-old 1,360 3 0.3 0.0-0.6 1
Children on rapid growth period* males:12-15 yr, females:10-13 yr 300 1 0.9 0.0-2.6 3.2 0.31
Elderly ( ≥ 65 yr) 1,202 21 2.2 1.0-3.3 8.1 < 0.001
Lactating females 47 2 9.6 0.0-21.2 35.7 < 0.001
Premenopausal females (non-pregnant) 1,974 231 11.5 9.6-13.4 42.8 < 0.001
Pregnant females 33 7 25.7 9.5-41.8 95.5 < 0.001

*Post-menarche females are excluded.

Table 5. IDA prevalence according to socioeconomic and nutritional status 

Factors Total IDA Prevalence % 95% CI P value 

Income Q1 (lower quartile)
Q2
Q3
Q4

1,439
1,451
1,475
1,464

75
70
67
55

5.5
4.9
4.4
3.2

4.3-6.8
3.7-6.2
3.2-5.6
2.1-4.3

0.02

BMI < 18.5
≥ 18.5, < 25
≥ 25

255
3,791
1,844

25
189
55

11.0
4.8
3.0

5.9-16.1
4.0-5.7
1.9-4.1

< 0.001

Iron intake < Recommended intake
≥ Recommended intake

1,911
3,268

153
97

7.4
2.9

6.0-8.7
2.2-3.6

< 0.001

Vitamin C intake < Recommended intake
≥ Recommended intake

4,140
1,039

238
12

5.8
0.7

4.9-6.7
0.2-1.2

< 0.001

Protein intake < Recommended intake
≥ Recommended intake

1,452
3,727

74
176

4.7
4.5

3.5-5.9
3.7-5.3

0.77

Energy intake < Estimated average requirement
≥ Estimated average requirement

3,045
2,134

157
93

4.6
4.5

3.7-5.4
3.3-5.7

0.97

anemias in males and 12.5% in females were IDA.

Influence of menstruation, pregnancy and lactation on ID 
and IDA
Of all 3,679 females, 3,641 answered questionaires about men-
struation, pregnancy and lactation: 1,974 were pre-menopaus-
al; 80 had physiological amenorrhea due to either pregnancy (n 
= 33) or lactation (n = 47); 1,538 were post-menopausal or had 
non-physiological amenorrhea; and 87 were pre-menarcheal 
females. In current study population, the median ages of men-
arche and menopause were 14 yr (range 8-28) and 50 yr (range 
15-63), respectively. In pre-menarcheal females, 16.4% had ID 
without anemia. Of the 1,974 premenopausal females, the prev-
alence of ID or IDA was 32.1% and 11.5%, respectively. Interest-
ingly, only 11.4% and 9.6% of lactating females had either ID or 
IDA, respectively, whereas 60% of pregnant females had ID vs 
25.7% with IDA. Of females in menopause or with non-physio-

logical amenorrhea, 5.3% had ID and 1.7% had IDA (Table 3).

Relative risk of IDA in vulnerable populations
Five vulnerable populations for IDA were selected according to 
age, gender and physiological state: children during the rapid 
growth period (12-15 yr in boys; 10-13 yr in girls), adults ≥ 65 
yr, lactating females, premenopausal females, and pregnant fe-
males. Compared to the prevalence of IDA in adult males 18-49 
yr, the relative risks of IDA in these groups were 3.2, 8.1, 35.7, 
42.8, and 95.5, respectively (Table 4). The group of children dur-
ing the rapid growth period, which excluded post-menarcheal 
females, did not have statistically significant risk of IDA.

Prevalence of IDA according to socioeconomic and 
nutritional factors
Univariate analysis of IDA prevalence in adults (≥ 19 yr, n = 5,906) 
relative to socioeconomic and nutritional factors showed that 
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IDA was associated with low income, underweight, insufficient 
dietary iron or vitamin C intake (according to the recommend-
ed nutritional intake) (Table 5). Regarding income, 5.5% of the 
lowest quartile (Q1) had IDA, vs only 3.2% of top earners (Q4). 
The prevalence of IDA was 2-4 times higher (11%) in under-
weight individuals, vs 4.8% and 3.0% for those with normal or 
obese BMIs, respectively. 7.4% and 2.9% of those taking insuffi-
cient or adequate iron intake, respectively, had IDA; similarly, 
5.8% and 0.7% of those with insufficient or adequate vitamin C 
intake, respectively. There were no associations between IDA 
and protein or total energy intake.

DISCUSSION

Anemia is a public health problem with mild significance in 
Korean population, according to the WHO proposed classifica-
tion on the basis of prevalence (6). The KNHANES estimates in-
dicate that the prevalence of anemia in Koreans is relatively con-
stant (7.4%-8.5%), although KNHANES IV-1 in 2009 reported a 
prevalence of 9.5% (8). Based on the WHO Vitamin and Mineral 
Nutrition Information System for 1993-2005, the national prev-
alence of anemia vary from 9.1%, 25.6%, and 42.7% in nations 
with high-, medium- and low-developmental status, respec-
tively (12). In highly developed countries, anemia is most com-
mon in pregnant females (15.5%), females of reproductive age 
(13.7%; 15-49 yr), children ≤ 4 yr (12.6%), and adults ≥ 60 yr 
(12.2%) (12). 
 In KNHANES V-1, the prevalence of anemia during pregnan-
cy was significantly higher than previously reported for devel-
oped countries: 38.5% vs 15.5%-22.7%, respectively (6, 12). Alth-
ough our survey included only 33 pregnant females, our esti-
mate is in accord with other studies (13, 14) showing that ~30% 
of Korean pregnant females are anemic, indicating that anemia 
remains an import health concern in this population. 
 Because ID is the major risk factor for anemia, especially in 
vulnerable populations, precise estimates of the prevalence of 
ID and IDA are required to plan effective strategies for anemia 
control. KNHANES V-1, which is based on a stratified, multi-
stage-design random sample of non-institutionalized Korean 
civilians, has provided the most accurate and representative es-
timates of the prevalence of ID and IDA. KNHANES V-1 defined 
ID using serum ferritin and transferrin saturation, followed by 
statistical analysis after weighting adjustments for each partici-
pant. The overall prevalence of ID and IDA were 12.1% and 4.3%, 
respectively. Although anemia and IDA were not significant 
health problems for males, children during the rapid growth 
phase and the elderly were susceptible to ID, a prevalence of 5% 
and more. Compared with adult males aged 18-49 yr with no 
risk factors in terms of iron requirement or physiology, the rela-
tive risk of IDA was 3.2-fold higher in children during the rapid 
growth period, without statistical significance, but 8.1-fold high-

er in adults ≥ 65 yr. In developed countries, it is important to 
identify possible gastrointestinal pathologies in individuals with 
ID but without physiological risk factors, especially the elderly. 
In our study, of the 21 IDA cases ≥ 65 yr, 40% had adequate iron 
intake, which suggests the possibility of pathologic cases. Un-
fortunately, tests such as stool occult blood test and endoscopic 
gastrointestinal examination were not conducted in KNHANES. 
 In all females, 22.4% and 8.0% were ID and IDA, respectively; 
however, 60% of pregnant females were ID and 25.7% had IDA— 
a 95.5-fold increase in risk compared to adult males aged 18-49 
yr. Eighty percent of pregnant females with anemia had insuffi-
cient dietary iron intake, i.e. < 24 mg/day, and the compliance 
of this group to iron supplementation is generally low due to 
gastrointestinal side effects of the iron supplement. During lac-
tation, only 9.5% of females have IDA, whereas 11.5% of non-
pregnant and non-lactating premenopausal females have IDA, 
which may indicate that lactational amenorrhea compensates 
for the iron loss via breast milk. 
 In addition to age, gender and physiological state, socioeco-
nomic and nutritional status were also significant risk factors 
for IDA: low socioeconomic status, underweight, iron- or vita-
min C-poor diets were all associated with IDA. 
 There were some limitations to our study. First, preschool-
aged children, especially toddlers, are vulnerable to IDA but 
were not included; thus, we may have underestimated the over-
all prevalence. Second, the KNHANES study design did not in-
clude analysis of acute phase proteins such as C-reactive pro-
tein (CRP) and α-1 acid glycoprotein (AGP), which would have 
helped to interpret the data on serum ferritin. Using the same 
threshold of ferritin to define ID in populations with underlying 
inflammation or infection would underestimate the prevalence 
of ID and IDA. Third, ID cannot be defined from a single test re-
sult, and our definition by ferritin or transferrin saturation may 
either over- and under-estimate ID. The specificity of ferritin 
analysis for ID is reduced by inflammation or infection, and 
transferrin saturation is highly variable. Other possible indices 
also have limitations. Erythrocyte protoporphyrin is not a use-
ful marker during infection, and is also complex and costly to 
measure. Although serum transferrin receptors are not signifi-
cantly affected by inflammation, infection, age, gender or preg-
nancy, there is neither a uniform protocol for analysis nor a 
consensus on a reference range (6, 15). Although a combina-
tion of multiple indices increases the accuracy of an ID diagno-
sis, resource availability and the cost of a population-based sur-
vey need to be considered. Finally, the volume of menstrual 
bleeding is a major factor for IDA in premenopausal females, 
but was not included in the KNHANES study. Due to this, it was 
not possible to analyze the value of socioeconomic and nutri-
tional factors as independent risk factors for IDA in premeno-
pausal females. 
 However, it is worth noting that our study is the first nation-
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wide analysis of the prevalence of ID and IDA in Koreans, as 
defined by serum iron and iron-binding capacity and can pro-
vide important basic information for planning national health 
policy to reduce IDA, particularly in susceptible populations.
In conclusion, this study based on KNHANES V-1 data revealed 
that the prevalence of IDA in the Korean population aged ≥ 10 
yr is 0.7% in males and 8.0% in females. Reproductive age fe-
males, especially pregnant females, and elderly are high risk 
groups for IDA. In addition, socioeconomic and nutritional sta-
tus such as low income, underweight, iron- or vitamin C-poor 
diets are also significant risk factors for IDA. For populations 
with defined risk factors in terms of age, gender, physiological 
state and socioeconomic and nutritional status, national health 
policy to reduce IDA is needed.
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