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ABSTRACT

The analysis of association between Serum Vitamin A
level and Anemia in Women of Reproductive Age i1n

Korea

Findings Based on the 7th Korea National Health and Nutrition
Examination Survey (2016-2018)

Kim Hwa-Won
Advisor : Prof. Ji-Young Choi Ph.D.
Major in Nutrition Education

Graduate School of Education, Chosun University

According to the Korea National Health and Nutrition Examination
Survey, the intake of Vitamin A by Koreans is steadily decreasing, and it is
a serious situation that does not even consume 60% of the recommended
intake of Vitamin A. Vitamin A is an essential Vitamin that plays important
roles such as normal growth of the body, visual function, differentiation of
epithelial tissue, immunity and antioxidant effect, red blood cell generation,
and hematopoietic function. Therefore it is important to consume Vitamin A
properly according to the recommended daily nutrient intake. In particular,
deficiency due to lack of Vitamin A intake is common in children and
women in reproductive age in underdeveloped countries, and deficiency

symptoms can lead to night blindness, decreased visual function, iron
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deficiency anemia, abnormal immune function, increased infection sensitivity,
delayed growth, and in severe cases death. Many studies have been
conducted on nutrients such as Fe, Folate, Vitamin Bg, Vitamin B;2, which
are known to be related to anemia in Korea, whereas studies on the
association between Vitamin A and anemia are insufficient. Therefore, this
study aims to find out the correlation between Vitamin A and anemia in
women of reproductive age who are vulnerable to anemia by using the
level of serum Vitamin A, an objective indicator of Vitamin nutritional

status, not daily intake of Vitamin A.

This study analyzed the association between serum Vitamin A level and
anemia in 1,612 women aged 15-49 in Korean reproductive age using data
from the 7th Korea National Health and Nutrition Examination Survey
(2016-2018).

As a result of analyzing the association of general characteristics
according to anemia of the study subjects, there were significant
differences in age, household income level, health insurance type, smoking
experience, serum neutral fat level, hemoglobin level, hematocrit level,
serum Vitamin A level. And as a result of analyzing the relationship
between the general characteristics of each age group of the study
subjects, there were significant differences in household income level,
education level, smoking experience, drinking experience, height, weight,
Body Mass Index(BMI), obesity, serum triglyceride level, hemoglobin level,
serum Vitamin A level, serum Vitamin E level, serum Folate level, and daily
nutrient intake(Carbohydrates, Fat, Fe, Folate). Analysis of the association
of body and nutrient characteristics according to anemia by the same age

group showed significant differences in smoking experience(30-49 years),
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Body Mass Index(BMD(15-18 years), serum triglyceride level, hemoglobin
level, hematocrit level, serum Vitamin A level, and serum Vitamin E
level(15-18 years). In addition, as a result of analyzing the association of
anemia according to serum nutrient level, there was a significant difference,
and the prevalence of anemia tended to decrease as correction variables
were added. Meanwhile, an analysis of the relationship between serum
Vitamin A level and anemia showed a significant negative relationship. And
in the case of serum Vitamin A level in the ‘subnormal range’ compared to
the ‘normal range’, the prevalence of anemia tended to increase as
correction variables were added.

As a result, there was a correlation between serum Vitamin A levels and
anemia, and serum Vitamin A level had an influence on the presence or
absence of anemia. This study is the first study in Korea to analyze the
link between serum Vitamin A levels and anemia of women in reproductive
age in Korea using data from the Korea National Health and Nutrition
Examination Survey. Particularly, present study revealed that a decrease in
serum Vitamin A levels increases the risk of anemia even after correcting
factors such as age, smoking, drinking, stress, household income, education,
and obesity. The results derived from this study are meaningful in that they
can present appropriate guidelines for Vitamin A intake for women in
reproductive age along with previous studies and can be used as basic data
for the prevention and treatment of anemia. It is considered that continuous
research and various measures are needed to increase Vitamin A intake

and reduce the prevalence of anemia in the future.

Key words: Women of Reproductive Age, Serum Vitamin A, Anemia, Korea

National Health and Nutrition Examination Survey(KNHANESVI), Hemoglobin
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1. 473

2 A4 eE guAdd Sz A Korea  National  Health  and  Nutrition
Examination Survey, KNHANES) #|77](2016-2018d) ¥AARE E3351e]
Ak A771e] AA AR ddAE 20161 8,1509, 2017 8,1279, 2018
W 7992908 F 24,2699l 77 o(WE 15-494) 7,9237 T Q1AL
3)8HA AL, A H A BRI fle A9-(0=2,998), A AS A BEIT 8l
= A5-(=27), \18 FA}, A, vlelTl A, g4t SRS 2R A RO §LAY =
SRl AE AFHZ mE eFE YstaA 19 AHE d7Fe] 500kcal/day 7
Tk 5,000kcal/day Z33l= 49-(n=3,229), Aol WS st A9 SFE I3}
A AAHReh o] AF-(n=57)E AL F 1612985 HF A7idAE A

A&} tHFigure 1).

o
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Korea National Health and Nutrition
Examination Survey 2016 — 2018

KNHANES VI(1) 2016 (n = 8,150)
KNHANES VI(2) 2017 (n = 8,127)
KNHANES VI(3) 2018 (n = 7,992)

(Total n = 24,269)

——— P Excluded : Age < 14 or Age > 50 (n = 14,327)

4> Exclude :

Gender of men (n = 2,019)

I Exclude

: Missing of Sociodemographic Factors, Health

Behavior Factors (n = 2,998)

4> Exclude :

Missing of Anthropometric Factors (n = 27)

Exclude :

Missing of anemia data,
Missing of Vitamin A, Iron, Folate, Hemoglobin data
Energy intake < 500kcal or > 5,000kcal (n = 3,229)

4’ Exclude :

-

Pregnant or lactating women (n = 57)

v

Final Analysis Subjects (n = 1,612)
230)
1,382)

Anemia (n =

Non-Anemia (n =

Figure 1. Flow chart for the selection of subjects
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Table 1. Definition of obesity variables

Adult (Non—pregnant)

Variables

Year of 2016

Year of 2017, 2018

Children and adolescents
(2-18 years)

underweight

BMI<18.5

BMI<18.5

weight by age<5'"

normal weight

18.5=<BMI<25.0

normal weight

18.5=BMI<23.0

weight by age=5",
BMI by age<95™

overweight 23.0=<BMI<25.0
class 1 25.0=<BMI<30.0
obesity BMI=25.0 class 2 30.0=BMI<35.0 BMI by age>95'"
class 3 BMI=35.0
- ’I’I -
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ool o] EA A= IBM SPSS Statistics 25(IBM Co., Armonk, NY, USA)

R e B DES S EAER R TR A R G

AT gAY dubA 543 R1E of o mE dnkd B4 AR WE o
o W AAl, ddi 5SS Fetsta fo3 ApolE Hol=x HAFsHr] s
R E FtolAlsm HA(chi-square test)¥} t-test, ANOVAE A A tE, AH
(b, 7 ASEE, AF AY, ARERIASH, ageE, 34 F9 o, HA

o =

VT ,

HE(2E, )= Arsen A%, AT, Ad3As, drezl $F, vtz
A3, 83 Y¥E T YL AFHFY L2 dA5Y e FdLxEA

(MeanszStandard Error)®Z AA8F3 2™ Bonferroni multiple comparison test

2 A% AR S

A o] wE wide] ARgds gotetar FY3 2folE Kol =X
3R 2228 374 (Logistic Regression Analysis)S 2
Alstglem Model 12 HAWSTE XA ¥%o™ Model 2v A#HS HA3)
Ko™, Model 3& Model 20 A4 &FA o, FA SF o, B4 2Ef=
olx] AxE F7} HASSTY Model 4= Model 39 7Ftas5as
F7F mAs9lom, Model 5% Model 40 Hgk oJH-5 F7} BAF] F
2 =4](0dds ratio, OR)¢} 95% A18]4-3H95% Confidence Interval, 95% CDE
T3l T,

£ A9 Ads P<0.05 FEAA A4 fods AAsh
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Table 2-1. Sociodemographic factor of Anemia presence

Variables Non-Anemia Anemia Total Pvalue
(n=1382) (n=230) (n=1612)
Sociodemographic factor
Age (years) <.001
15-18 107(8.4) 16(8.3) 123(8.4)
19-29 350(30.5) 32(16.4) 382(28.6)
30-49 925(61.0) 182(75.3) 1,107(62.9)
Household income level 0.036
Low 117(9.9) 9(3.5) 126(9.0)
Mid-low 329(24.4) 61(27.8) 390(24.8)
Mid-high 455(32.5) 83(33.6) 538(32.7)
High 481(33.2) 77(35.1) 558(33.5)
Living area 0.327
Urban 1,207(87.9) 205(90.4) 1,412(88.2)
Rural 175(12.1) 25(9.6) 200(11.8)
Health insurance 0.032
iiﬁilizzjienaﬁonal 329(24.9) 43(16.9) 372(23.8)
Employee, national
health insurance 1,013(72.0) 183(81.1) 1,196(73.3)
Medical aid program 40(3.0) 4(2.0) 44(2.9)
Education 0.282
< Elementary 26(1.9) 4(1.3) 30(1.8)
Middle school 115(9.0) 13(6.1) 128(8.6)
High school 503(36.3) 79(33.2) 582(35.9)
= University 738(52.8) 134(59.4) 872(53.7)

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).

# P-value was analyzed by chi-square test for categorical variables.

* Data were represented n (%) about representative of the entire korean population.
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Table 2-2. Health Behavior Factors of the Anemia presence

Variables Non-Anemia Anemia Total Povalue
(n=1382) (n=230) (n=1612)
Health Behavior Factors
Smoking status 0.043
Yes 223(16.4) 22(10.5) 245(15.6)
No 1,159(83.6) 208(89.5) 1,367(84.4)
Alcohol status 0.974
Yes 1,271(91.6) 209(91.7) 1,480(91.6)
No 111(8.4) 21(8.3) 132(8.4)
Stress Perception 0.527
Very High 94(7.3) 12(4.9) 106(7.0)
High 399(29.2) 58(27.0) 457(28.9)
Low 752(53.5) 132(57.0) 884(54.0)
Very Low 137(10.0) 28(11.2) 165(10.1)

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).
# P-value was analyzed by chi-square test for categorical variables.

* Data were represented n (%) about representative of the entire korean population.
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Table 2-3. Anthropometric Factors of the Anemia presence

Variabl Non—-Anemia Anemia Total Pval
ariables -value
(n=1382) (n=230) (n=1612)
Anthropometric Factors
Height (cm) n 160.92+0.17 161.15+0.39 161.03+0.21 0.586
Weight (kg) Y 58.55+0.32 57.96+0.72 58.26+0.39 0.455
BMI (kg/m?) v 22.60%0.11 22.31+£0.27 22.4610.14 0.321
Obesity ? 0.985
underweight 98(7.2) 14(6.9) 112(7.2)
Normal weight 983(71.7) 162(72.1) 1,145(71.8)
Overweight 301(21.1) 54(21.1) 355(21.1)
Serum triglycerides level
97.78%12.10 85.08+2.95 91.43+1.80 <.001
(mg/dL) ?
Hemoglobin level (g/dL) ¥ 13.36+0.02 11.02£0.07 12.19£0.03 0.000
Hematocrit level (%) v 41.16£0.07 35.65%0.17 38.40+0.09 0.000
Serum Vitamim A level
0.42+0.00 0.37£0.01 0.40£0.00 <.001
(mg/L) V
Serum Vitamim A level ? 0.024
subnormal range 177(12.1) 55(19.1) 232(13.1)
Normal range 1,149(84.0) 171(78.8) 1,320(83.3)
supernormal range 56(3.9) 4(2.1) 60(3.7)
Serum Vitamin E level
12.36+0.14 12.29+0.34 12.33+£0.18 0.845
(mg/mL) V
Serum Folate level
7.49+0.11 7.40+0.27 7.45%0.14 0.747

(ng/mL) ?

* Defined as underweight (BMI<18.5), Normal weight (18.5<BMI<25.0), Overweight (BMI>25.0)
levels of Body Mass Index(BMI(kg/m? over the age of 19 years.

*

Defined as underweight (weight by age<5"), Overweight (BMI by age>95"), otherwise Normal
weight levels for ages 2-18 years.

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).

* Defined as subnormal range (Serum Vitamim A level <0.30), Normal range (0.30<Serum Vitamim
A level<0.70), supernormal range (Serum Vitamim A level>0.70) levels of Serum Vitamim A
level(mg/L) over the age of 19 years.

*

Defined as subnormal range (Serum Vitamim A level <0.26), Normal range (0.26<Serum Vitamim
A level<0.72), supernormal range (Serum Vitamim A level>0.72) levels of Serum Vitamim A
level(mg/L) for ages 12-18 years.

*

P-value was analyzed by t—test for continuous variables and chi-square test for categorical

variables.

1) Data were represented Means = SE about representative of the entire korean population.
Means*SE(Bonferroni multiple comparison: Different letters indicate significant differences(a<b).

2) Data were represented n (%) about representative of the entire korean population.
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Table 2-4. Daily nutrient intake of the Anemia presence

Non—-Anemia

Anemia

Total

Variables P-value
(n=1382) (n=230) (n=1612)

Daily nutrient intake

Energy (kcal/day) 1,756.11+£23.96  1,786.34+55.46  1,771.22+30.15 0.618
Carbohydrates (g/day) 255.08+3.30 266.59+7.86 260.8444.25 0.178
Protein (g/day) 65.00+1.03 64.38+2.44 64.69+1.32 0.817
Fat (g/day) 46.55+1.02 45.77+2.31 46.16+1.26 0.758
Fe (mg/day) 10.16£0.18 10.9840.49 10.5740.26 0.117
Vitamin A (ugRAE/day) 347.0349.29 345.02+20.25 346.02+11.14 0.928
Folate (ugDFE/day) 263.61£4.30 283.60+£12.43 273.61£6.58 0.129

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).

# Nutrient intake is the sum of all foods and nutrients taken by individuals in a day.

# P-value was analyzed by t-test for continuous variables.

* Data were represented Means = SE about representative of the entire korean population.

* Means*SE(Bonferroni multiple comparison: Different letters indicate significant differences(a<b).
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Table 3-1. Sociodemographic factor of Age group

Age (years)

Variables 15-18 19-29 30-49 Total ~ P-value
(n=123) (n=382) (n=1107) (n=1612)
Sociodemographic factor
Household income level 0.021
Low 15(12.4) 38(12.1) 73(6.9) 126(8.6)
Mid-low 29(24.9) 92(24.9) 269(25.5) 390(25.3)
Mid-high 37(31.0) 109(28.1) 392(35.3) 538(33.2)
High 42(31.7) 143(34.9) 373(32.3) 558(32.9)
Living area 0.269
Urban 108(89.2) 349(91.3) 955(88.0) 1,412(88.9)
Rural 15(10.8) 33(8.7) 152(12.0) 200(11.1)
Health insurance 0.351
Self-employee,
national health 23(19.8) 93(24.0) 256(23.5) 372(23.4)
insurance
Employee, national
. 94(74.9) 284(74.3) 818(73.4) 1,196(73.8)
health insurance
Medical aid
6(5.4) 5(1.7) 33(3.0) 44(2.9)
program
Education 0.000
< Elementary 17(11.1) 2(0.4) 11(1.2) 30(1.8)
Middle school 88(72.5) 5(1.8) 35(3.1) 128(8.6)
High school 18(16.4) 160(40.6) 404(36.4) 582(35.9)
= University 0(0.0) 215(57.2) 657(59.3) 872(53.7)

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).
# P-value was analyzed by chi-square test for categorical variables.

* Data were represented n (%) about representative of the entire korean population.
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Table 3-2. Health Behavior Factors of Age group

Age (years)

Variables 15-18 19-29 30-49 Total ~ FP-value
(n=123) (n=382) (n=1107)  (n=1612)
Health Behavior Factors
Smoking status 0.003
Yes 9(7.8) 77(20.4) 159(14.4) 245(15.6)
No 114(92.2) 305(79.6) 948(85.6) 1,367(84.4)
Alcohol status 0.000
Yes 52(44.4) 372(97.0) 1,056(95.5)  1,480(91.6)
No 71(55.6) 10(3.0) 51(4.5) 132(8.4)
Stress Perception 0.083
Very High 8(6.8) 37(9.9) 61(5.7) 106(7.0)
High 40(29.7) 124(31.5) 293(27.5) 457(28.9)
Low 61(50.1) 190(49.7) 633(56.5) 884(54.0)
Very Low 14(13.4) 31(8.8) 120(10.3) 165(10.1)

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).

# P-value was analyzed by chi-square test for categorical variables.

* Data were represented n (%) about representative of the entire korean population.
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Table 3—-3. Anthropometric Factors of Age group

Age (years)

Variables 15-18 19-29 30-49 Total P-value
(n=123) (n=382) (n=1107) (n=1612)
Anthropometric Factors
Height (cm) n 162.18"+0.48 162.00°+0.30 160.30?£0.19 161.49+0.20 <.001
Weight (kg) 58.17%+1.13 57.05%+0.54 59.16+0.36 58.1310.43 0.005
BMI (kg/m? Y 22.07°40.39 21.71°40.19 23.01°+0.13 22.27+0.15 <.001
Obesity 2 <.001

underweight 6(4.0) 50(13.0) 56(5.0) 112(7.2)

Normal weight 94(75.5) 275(72.3) 776(71.0) 1,145(71.8)

Overweight 23(20.5) 57(14.7) 275(24.0) 355(21.1)

Serum triglycerides level ) ) )

89.58%+3.80 81.817+2.89 103.43°+£2.58 91.61£1.81 <.001
(mg/dL) ?
Hemoglobin level (g/dL) ¥ 13.05®+0.11 13.25°40.05 12.96°+0.04 13.0840.04 <.001
Anemia ? <.001

Non-Anemia 107(86.7) 350(92.3) 925(83.9) 1,382(86.6)

Anemia 16(13.3) 32(7.7) 182(16.1) 230(13.4)
Hematocrit level (%) ! 40.56™£0.30 40.99°+0.15 40.14°£0.10 40.56+0.12 <.001
Serum Vitamim A level ) ‘

0.37£0.01 0.40°+0.01 0.44°£0.00 0.40£0.00 <.001
(mg/L) V
Serum Vitamim A level ? 0.005

subnormal range 16(8.6) 69(17.6) 147(11.7) 232(13.1)

Normal range 107(91.4) 300(79.3) 913(83.9) 1,320(83.3)

supernormal range 0(0.0) 13(3.2) 47(4.3) 60(3.7)

Serum Vitamin E level ) ) )

10.24%£0.27 11.07°£0.19 13.17°£0.17 11.49+0.12 0.000
(mg/mL) ?
Serum Folate level ) )

6.01%+0.27 6.637%£0.18 8.03°+0.12 6.89+0.12 <.001
(ng/mL) ¥

*

Defined as underweight (BMI<18.5), Normal weight (18.5<BMI<25.0), Overweight (BMI>25.0)
levels of Body Mass Index(BMI(kg/m? over the age of 19 years.

# Defined as underweight (weight by age<5™), Overweight (BMI by age>95"), otherwise Normal
weight levels for ages 2-18 years.

Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).

Defined as subnormal range (Serum Vitamim A level <0.30), Normal range (0.30<Serum Vitamim

*

*

A level<0.70), supernormal range (Serum Vitamim A level>0.70) levels of Serum Vitamim A
level(mg/L) over the age of 19 years.

*

Defined as subnormal range (Serum Vitamim A level <0.26), Normal range (0.26<Serum Vitamim

A level<0.72), supernormal range (Serum Vitamim A level>0.72) levels of Serum Vitamim A

level (mg/L) for ages 12-18 years.

* P-value was analyzed by ANOVA for continuous variables and chi-square test for categorical
variables.

1) Data were represented Means = SE about representative of the entire korean population.
Means*SE(Bonferroni multiple comparison: Different letters indicate significant differences(a<b).

2) Data were represented n (%) about representative of the entire korean population.
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Table 3—-4. Daily nutrient intake of Age group

Age (years)

Variables 15-18 19-29 30-49 Total P-value
(n=123) (n=382) (n=1107) (n=1612)

Daily nutrient intake

Energy (kcal/day) 1,843.06£72.40 1,777.34+51.48 1,743.60£23.91 1,788.00£30.61 0.394
Carbohydrates (g/day) 260.38%°4+10.60 244.42°46.20 262.65°+3.65 255.81+4.26 0.041
Protein (g/day) 69.4743.10 65.10+2.07 64.18+1.12 66.25+1.29 0.275
Fat (g/day) 56.04°+£3.73 51.40°+2.31 42.86+0.94 50.10+1.50 <.001
Fe (mg/day) 9.327+0.44 9.63"+0.38 10.80°+0.21 9.9240.21 0.001
Vitamin A (ugRAE/day) 333.83£31.25 341.93+18.67 353.96+10.06 343.24+12.65 0.739
Folate (ugDFE/day) 215.41°+10.70 238.65%+7.79 289.56"+5.35 247 87+4.75 <.001

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).
# Nutrient intake is the sum of all foods and nutrients taken by individuals in a day.
# P-value was analyzed by ANOVA for continuous variables.

* Data were represented Means = SE about representative of the entire korean population.

*

Means*SE(Bonferroni multiple comparison: Different letters indicate significant differences(a<b))
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Table 4-1. Health Behavior Factors of the Anemia presence by Age group

Age (years)

15-18 19-29 30-49
Variables (n=123) (n=382) (n=1107) Total
Non-Anemia Anemia Non-Anemia Anemia Non-Anemia Anemia (n=1612)
(n=107) (n=16) (n=350) (n=32) (n=925) (n=182)
Sociodemographic factor
Household income level
Low 14(11.8) 1(4.9) 37(13.7) 1(2.2) 66(7.7) 7(3.6) 126(9.0)
Mid-low 27(26.2) 2(12.8) 82(23.7) 10(28.3) 220(24.5) 49(29.4) 390(24.8)
Mid-high 29(28.4) 8(46.1) 99(26.4) 10(27.6) 327(36.2) 65(33.6) 538(32.7)
High 37(33.6) 5(36.2) 132(36.2) 11(41.8) 312(31.7) 61(33.5) 558(33.5)
P-value 0.349 0.319 0.213
Health Behavior Factors
Smoking status
Yes 8(8.3) 1(4.7) 69(19.9) 8(26.1) 146(15.7) 13(7.7) 245(15.6)
No 99(91.7) 15(95.3) 281(80.1) 24(73.9) 779(84.3) 169(92.3) 1,367(84.4)
P-value 0.587 0.443 0.013
Alcohol status
Yes 42(40.7) 10(68.5) 341(96.9) 31(97.8) 888(96.0) 168(92.9) 1,480(91.6)
No 65(59.3) 6(31.5) 9(3.1) 1(2.2) 37(4.0) 14(7.1) 132(8.4)
P-value 0.056 0.762 0.090
Stress Perception
Very High 6(6.3) 2(10.2) 36(10.6) 1(2.4) 52(5.8) 9(4.8) 106(7.0)
High 33(28.3) 7(38.8) 115(31.7) 9(30.0) 251(28.0) 42(25.0) 457(28.9)
Low 54(50.0) 7(51.0) 171(49.2) 19(56.2) 527(56.2) 106(57.8) 884(54.0)
Very Low 14(15.4) 0(0.0) 28(8.6) 3(11.4) 95(9.9) 25(12.4) 165(10.1)
P-value 0.383 0.543 0.711

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).
# P-value was analyzed by chi-square test for categorical variables.
* Data were represented n (%) about representative of the entire korean population.
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ATFHAAAY] TU AHE WY oo wE AA AF 29le B4 A
Table 4-29] AASAE AAAS 29 F BMIE 15-184 vHld 3} Ndy
A 593k 2o]lE Btk 15-184 HW o] - 22.34kg/m?, 15-18A4 H
g0l A4S 20.3lkg/m?oR BAAHOR foldk zHol7t AATHP<0.05). WA,
19-29A4, 30-49A4 w3 NPT o= 23 2ol 7k fldTt

=

4 FAAY FF9 WS 85.13mg/dLol o, 15-184 WML
92.53mg/dL, W&& 70.33mg/dLZ 1% b 24.0%9] Aols mow {3
Apel7k - AATHP<0.001).  19-2941  WWIFEw>  82.89mg/dL, WHIL
68.85mg/dL= 1% b 17.0%°] AelE HFow Fofgk Apolrh UATKHP
<0.01). 30-49A4 HIWIFE 105.95mg/dL, WHTL 90.26mg/dLE 1% 7t

14.8%%] #folE& ®A oW folgk Afol7 AATHP <0.01). 30-494 B[ E 4]
749~ 105.95mg/dL, 19-294 W] 49 68.85mg/dLZ 35.0%° 1% I+ 7}
G 2 aelE Bt FRIFEN FFEY] F e 12.21g/dLol o, 151841 H]
WETS 13.37g/dL, WETFS 10.96g/dLE 15 b 18.0%9 AolE H o
Fog zpol7h JJATHP=0.000). 19-2941 HIWEFS  13.42g/dL, WP
11.20g/dLZ 1% 7+ 16.5%9] #o]lE Hom {23 o]zl A tHP=0.000).
30-494) HWIEFe 13.33g/dL, MIPTS 10.99g/dLE 1§ 3+ 17.6%2 #ol=
wBolow Fo3 2ozl IATHP=0.000). 19-294] HIWIE 2] ¢ 13.42g/dL,
15-184 W& A9 10.96g/dLE 18.3%¢ & 7+ 7b¢ 2 zo]E Hth
FutE=gle] HEe 38.51%0190H, 15-1841 RIWIEFLS 41.32%, NS
35.63%= TLw F 5.69%°] AolE Hlowm feoldk Aozt AATHP=0.000).
19-294] RIS 41.39%, ANEFL 36.20%= 1% I+ 5.19%¢ zto]E&
o Fo3 ozt AJTHP=0.000). 30-49A4 HRIHFLE 41.02%, NI
35.53%= 13w b 5.49%9 HolE& Hom {3t Aozt IATHP=0.000).
19-2941 HIRIEFo] 79 41.39%, 30-494 WA A$ 3553%2 5.86%2

32

flo

g4 vEY A FF9 He 0.38mg/Lollew, 15-1841 HIWIETS
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0.37mg/L, M 3d#e 0.31mg/LE 18 7} 16.2%] Zo]E Hon §o|s jo
7 JATHP<0.01). 19-294] HIW1E 2 0.41mg/L, W18+ 0.35mg/LE 1%
T 14.6%°) AelEs BAom frolgk ztel7F AATHP<0.01). 30-49A4] RWIET
& 0.45mg/L, M18e 0.38mg/LE 18 7t 15.6%2] 2o]lE mglon H9o3 3}
o] 7} AATHP <0.001). 30-494 wWIF 9] A9 0.45mg/L, 15-184 RIF 9
79 0.31mg/LZ 31.1%9] 1% 7+ 7P¢ 2 Ao|E walt)

g WER A e T AR AW Rgd B GRS 7
A woron, 15-184 WWEE 96(93.8%), WS 118(72.7%) .2 1%
21.1%%] #ol& HPow 2ol 7k AATHP<0.05). 30-49A4 BRI+
7769 (84.8%), MBS 137H(79.6%) 0.7 1§ I+ 5.2%°] Ao]E Hlow
Froldt 2ol 7k AATHP <0.05). ¥HE, 19-294] W d 3} N Fhofl = &
2kel7F ATk 15-18A1 vIWldto] A5 9678(93.8%), 15-184] WE 9
1198(72.7%) 2.2 21.1%2] & 3t 714 2 ZpolE Kt}

g4 vEdl E 2 15-184 vid )} wid o Ank {93k zo]lE Hel
o} 15-184] HIWETe] 49 10.39mg/mL, 15-184 M 49 9.07mg/mL
o7 BAHoR Fo8 Aolrt AJTHP<0.05). WA, 19-294], 30-494 H|NE
T3 NPT b= F23k o)z} il

Y
o 1o
rol'

rlo
10
o

o
o

l

-
[‘

A 5 ARUE vNET AT 2 A, A, v R, 3 gat &
FT EAHOR Hold o]lE Ho|x] &gl

gofsiabd SRFEN, drtEAZ, 94 FAAY 2L e A FE BF
15-18A41, 19-294], 30-49A4 vlWldH} WA Fogor e How
UERETHP <0.01). dF HlE A £5& 15-1841, 30-494] vwdwg W
oA ooz ve Aoz YEPHthP<0.05). 8% FAAW F5E 19-29
Al f1dsro] 7h whe vk 30-494) v o] 7B Ekow, 35.0%9] AolE
wolck dA wiEl A, v E, 94t 52 15-184 wddto] 7h we
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Table 4-2. Anthropometric Factors of the Anemia presence by Age group

Age (years)

15-18 (n=123)

19-29 (n=382)

30-49 (n=1107)

Variables : . - . . . Total
Non-Anemia Anemia Non—-Anemia Anemia Non—-Anemia Anemia
(n=107) (n=16) (n=350) (n=32) (n=925) (n=182) (n=1612)

Anthropometric Factors

Height (cm) V 162.06+0.53 162.92+1.26 161.94+0.31 162.81+1.09 160.25+0.21 160.59+0.43 161.76+0.31
P-value 0.531 0.443 0.474

Weight (kg) V 58.80+1.23 54.02+2.35 57.11+0.57 56.41+1.71 59.24+0.39 58.74%0.81 57.38+0.56
P-value 0.071 0.699 0.583

BMI (kg/m?) V 22.34+0.42 20.31x£0.79 21.75%+0.20 21.25%+0.56 23.06+0.14 22.77+0.31 21.91£0.19
P-value 0.023 0.400 0.380

Obesity ?
underweight 5(3.2) 1(9.2) 45(12.6) 5(16.8) 48(5.1) 8(4.5) 112(7.2)
Normal weight 81(74.9) 13(79.5) 253(72.4) 22(71.3) 649(70.9) 127(71.4) 1,145(71.8)
Overweight 21(21.9) 2(11.3) 52(14.9) 5(11.9) 228(24.0) 47(24.1) 355(21.1)
P-value 0.397 0.740 0.949

Serum triglycerides _ _ o _ _ _

level (mg/dL) " 92.53x4.24 70.3314.66 82.89+3.11 68.85+£3.99 105.95+2.98 90.25+3.69 85.13£1.56
P-value <.001 0.005 0.001

Hemoglobin level

(g/dL) " 13.37£0.07 10.96+0.24 13.42+0.05 11.20£0.10 13.33%£0.03 10.99£0.08 12.21£0.05
P-value 0.000 0.000 0.000

Hematocrit level (%) 41.32+0.23 35.63x0.62 41.39£0.13 36.20x0.34 41.02£0.09 35.53x0.20 38.561£0.13
P-value 0.000 0.000 0.000
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Serum Vitamim A level

0.37+0.01 0.31£0.02 0.41£0.01 0.35%£0.02 0.45£0.01 0.38%+0.01 0.38+£0.01
(mg/L) Y
P-value 0.006 0.004 <.001
Serum Vitamim A level ?
subnormal range 11(6.2) 5(27.3) 60(17.2) 9(22.5) 106(10.5) 41(17.8) 232(13.1)
Normal range 96(93.8) 11(72.7) 277(79.4) 23(77.5) 776(84.8) 137(79.6) 1,320(83.3)
supernormal range 0(0.0) 0(0.0) 13(3.4) 0(0.0) 43(4.7) 4(2.7) 60(3.7)
P-value 0.013 0.553 0.035
Serum Vitamin E level
10.39£0.29 9.07£0.49 11.03£0.19 11.51+£0.93 13.26£0.19 12.71£0.38 11.33£0.20
(mg/mL)
P-value 0.023 0.612 0.199
Serum Folate level
6.05%+0.29 5.71+0.78 6.64%0.19 6.51£0.47 8.10£0.13 7.72%+0.32 6.78%£0.17
(ng/mL) VY
P-value 0.685 0.793 0.275

*

*

*

*

*

Defined as underweight (BMI< 18.5), Normal weight (18.5<BMI<25.0), Overweight (BMI=25.0) levels of Body Mass Index(BMI(kg/m?) over the age

of 19 years.

Defined as underweight (weight by age<5%), Overweight (BMI by age>95"), otherwise Normal weight levels for ages 2-18 years.

Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).

Defined as subnormal range (Serum Vitamim A level<0.30), Normal range (0.30<Serum Vitamim A level<0.70), supernormal range (Serum Vitamim A

level >0.70) levels of Serum Vitamim A level (mg/L) over the age of 19 years.

Defined as subnormal range (Serum Vitamim A level<0.26), Normal range (0.26<Serum Vitamim A level<0.72), supernormal range (Serum Vitamim A

level >0.72) levels of Serum Vitamim A level (mg/L) for ages 12-18 years.

P-value was analyzed by ANOVA for continuous variables and chi—-square test for categorical variables.

1) Data were represented Means = SE about representative of the entire korean population.

Means*SE(Bonferroni multiple comparison: Different letters indicate significant differences(a<b).

2) Data were represented n (%) about representative of the entire korean population.

Collection @ chosun

_32_



AA Ak 1,612W 9 H Assty Ax e e Aol dieg 24
28 AN Ay Q=H|9F 95% AlF PO 2 Table 5-19 #AAISA Tl =
At ate]l wiE o i-E5 RWIE(Hgb<12), ¥R (Hgb=12)2 #F3ate], & e
REA el wE wE o he] AR A4Sl Model 12 HAWMSS
Z3ekA] egkom, Model 2% A#& 2A4390om, Model 3 Model
ol FA FA A5, B 55 o, il
o™, Model 42 Model 3 AWMl 7MAS5FEUES]), 2 58 F7F B

'}

e o, Model 52 Model 4 XA W=o

1

=
2
2
I
il
e
N

O

HMEARS BAWMSEES ¥36#] &S Model 1914 dviEA30] 1% F7}
ol wel WE FHEo] 77.3%(0R=0.227, 95% CI=0.185-0.278) -2Ja}A 74
3+312. ™ (P=0.000), Model 20| A% s|nfEAZ0] 1% T7Hgel wet 18 FHE
o] 77.3%(0R=0.227, 95% CI=0.185-0.279) fr<lstA #2332 (P=0.000),
Model 3oM % dnfEAZ ] 1% F7Fstel wel W1d frEo] 77.7%(0R=0.223,
95% CI=0.179-0.277) frelatAl 343kl th(P=0.000). Model 49X % W& FH
E0o] 78.6%(0R=0.214, 95% CI=0.170-0.269) +<]3tAl 743132 (P=0.000),
Model 594 = W18 F¥Eo] 78.9%(0OR=0.211, 95% CI=0.167-0.265) <]3}7)
At (P=0.000). RAWFE F71ge wel W fFHEo] fHaste 4 Eol
LFERRL T

A HEY A FES BRAWSE 2F8HA &2 Model 1614 d3 HER A
P50l 0.lmg/L  Z7Hgel  wel WE fEel  32.2%(0R=0.678, 95%
CI=0.575-0.799) frelstAl A3t 2™ (P<0.001), Model 2014 d7 HER A
P50l 0.lmg/L  Z7Hgel  wel WE fWEel  37.8%(0R=0.622, 95%
CI=0.522-0.741) F<J3stAl 743k 2 (P<0.001), Model 3olX% &7 H|EI
A FFol 0.1mg/L F7) gt 9" fHEol 37.5%(0R=0.625, 95%

1%
S,
=
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CI=0.521-0.748) &laA #43tHP<0.001). Model 494 W& FHEo
37.9%(0R=0.621, 95% CI=0.517-0.747) {rolstAl #4383 (P<0.001),
Model 59l %= W& fHEo] 38.0%(0R=0.620, 95% CI=0.516-0.745) 2] &}
s d i P<0.00D). RAMSFE F7Hetel wel e fFHEo] dasts 4
LFERRL T

gH FHAY FF0] 10mg/dL 71l wet Model 1eAE W18 ¥ E°]
3.9%(0R=0.961, 95% C1=0.936-0.987) f<latAl 72438 (P<0.01), Model
200 = W fHEo] 5.0%(0R=0.950, 95% CI=0.924-0.976), Model 34 %=
5.0%(0R=0.950, 95% CI=0.924-0.977) F<aA #2384 HP<0.001). Model
41 M= 4.7%(0R=0.953, 95% CI=0.926-0.979), Model 5% 5.0%(0OR=0.950,
95% CI=0.922-0.978) fr<JstAl ZrAaskeltt (P<0.001). ¥H

%
Wd ool dis] 2 ztel= gidloy BAWMSE Frbstel wet Wd

rr

oft

o]

T2 RE oo izl dFHo] ATk WF A= A vE A FEH F9

3k 2ol (P<0.001)E ®Ath 84 HEY] A 9] 0.1mg/L S7FsHA =4 vy

24 94 L ue B SEs ude any BAE Agsigot 24 4w
BAMoR Fol@ Aol Yk
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Table 5-1. Serum biochemical parameter levels according to the Anemia presence

Model 1
[OR (95% CD]

Model 2
[OR (95% CD]

Model 3
[OR (95% CD]

Model 4
[OR (95% CD]

Model 5
[OR (95% CD]

0.227 (0.185-0.278)

0.000

0.227 (0.185-0.279)

0.000

0.223 (0.179-0.277)

0.000

0.214 (0.170-0.269)

0.000

0.211 (0.167-0.265)

0.000

0.678 (0.575-0.799)

<.001

0.622 (0.522-0.741)

<.001

0.625 (0.521-0.748)

<.001

0.621 (0.517-0.747)

<.001

0.620 (0.516-0.745)

<.001

Variables measure
Hematocrit level (%) 1%
P-value
Serum Vitamim A
0.1mg/L
level (mg/L)
P-value
Serum triglycerides
10mg/dL

level (mg/dL)

P-value

0.961 (0.936-0.987)

0.004

0.950 (0.924-0.976)

<.001

0.950 (0.924-0.977)

<.001

0.953 (0.926-0.979)

<.001

0.950 (0.922-0.978)

<.001

* P-value was analyzed by Logistic Regression Analysis.

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).

Model 1: Unadjusted.

Model 2: Adjusted for age.
Model 3:

Model 4
Model 5:

Collection @ chosun

Adjusted for age and alcohol status, smoking status, stress perception.
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Adjusted for age, alcohol status, smoking status, stress perception, household income level, education and Obesity status.



g vlEyl A FE NEe] Aol Higk 22X 2 FARA ] Aye o=
H] &} 95% 21¥| "3t o = Table 5-2¢ AlAlEth. @4 HEgW A & BAGW
TE XA S Model 1614 3 HER A G0 ‘GRS oib] A3
o] g WE FHE] 68.4%(0R=1.684, 95% CI=1.115-2.542) 23
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Table 5-2. Serum Vitamim A level according to the Anemia presence

. Model 1 Model 2 Model 3 Model 4 Model 5
Variables
[OR (95% CD] [OR (95% CD] [OR (95% CD1] [OR (95% CD] [OR (95% CD]
Serum Vitamim A level

Subnormal range 1.684 (1.115-2.542) 1.830 (1.200-2.791) 1.843 (1.195-2.842) 1.945 (1.265-2.990) 1.950 (1.266-3.003)
Normal range reference reference reference reference reference
Supernormal range 0.567 (0.186-1.727) 0.530 (0.175-1.608) 0.575 (0.190-1.739) 0.617 (0.203-1.871) 0.614 (0.202-1.865)
P-value 0.023 0.008 0.011 0.005 0.005

* P-value was analyzed by Logistic Regression Analysis.

* Defined as Anemia (Hgb<12), Non-Anemia (Hgb>12) levels of Hemoglobin(Hgb(g/dL).

* Defined as subnormal range (Serum Vitamim A level <0.30), Normal range (0.30<Serum Vitamim A level<0.70), supernormal range (Serum Vitamim A
level >0.70) levels of Serum Vitamim A level (mg/L) over the age of 19 years.

* Defined as subnormal range (Serum Vitamim A level <0.26), Normal range (0.26<Serum Vitamim A level<0.72), supernormal range (Serum Vitamim A
level >0.72) levels of Serum Vitamim A level (mg/L) for ages 12-18 years.

Model 1: Unadjusted.

Model 2: Adjusted for age.

Model 3: Adjusted for age and alcohol status, smoking status, stress perception.

Model 4: Adjusted for age, alcohol status, smoking status, stress perception and household income level, education.

Model 5: Adjusted for age, alcohol status, smoking status, stress perception, household income level, education and Obesity status.
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