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Serum Ferritin and Risk of the Metabolic Syndrome in Some Korean Rural Residents

So Yeon Ryu, Ki Soon Kim, Jong Park, Myeng Guen Kang, Mi Ah Han

Department of Preventive Medicine, Chosun University College of Medicine

Objectives : The purpose of this study was to examine
the relationship between serum ferritin and the metabolic
syndrome (MS). 

Methods : We conducted a cross-sectional study of 1,444
adults over age 40 and under age 70 that lived in a rural
area and participated in a survey conducted as part of the
Korean Rural Genomic Cohort Study (KRGCS). The MS
was defined as the presence of at least three of the
followings: elevated blood pressure, low high density
l ipoprotein cholesterol, elevated serum triglycerides,
elevated plasma glucose, or abdominal obesity. After
adjustment for age, alcohol intake, menopausal status,
body mass index (BMI), high sensitivity C-reactive protein
(hs-CRP), and alanine aminotransferase (ALT), odds ratios
(ORs) for the prevalence of the MS by sex were calculated
for quartiles of serum ferritin using logistic regression
analysis. 

Results : The MS was more common in those persons
with the highest levels of serum ferritin, compared to
persons with the lowest levels, in men (37.1% vs. 22.4%,

p=0.006) and women (58.8% vs. 34.8, p<0.001). In both
sexes, the greater the number of MS components presents,
the greater the serum ferritin levels. After adjustment for
age, alcohol intake, and menopausal status, the OR for
metabolic syndrome, comparing the fourth quartile of ferritin
with the first quartile, was 2.21 (95% confidence interval ;
CI=1.26-3.87; p-trend=0.024) in men and 2.10 (95%
CI=1.40-3.17; p-trend=0.001) in women. However, after
further adjustment for BMI, hs-CRP, and ALT, the ORs
were statistically attenuated in both sexes. 

Conclusions : Moderately elevated serum ferritin levels
were not independently associated with the prevalence of
the MS after adjusting for other risk factors. Further studies
are needed to obtain evidence concerning the association
between serum ferritin levels and the MS.

J Prev Med Public Health 2008;41(2):115-120

Key words : Cross-sect ional  s tudy,  Ferr i t in ,  I ron,
Metabolic syndrome 

!"#$%& '()* '+,-+../0 123
J Prev Med Public Health 2008;41(2):115-120

;< =%>??@A B>C DE$%%%%%FG =%>??HA DC IE
J7KLMNOPQR4S#TUVWXYZ<[.\7]^_ `>??IaDb@a>b??a>bb?a>BI$%>??caDb@a>b??a>bb?a>BIde
fghi =%!"# `jkjVlmTnomD@Ipq$%rs =%?c>a>D?acbHD$%tu =%?c>a>>IaH>vD$%waxyz{%=%|y}~���|����}ey|e�~d%%

!"

�(iron)������P7���<�

��'�J�, 7������3W'

�6J���'�<�_ [1]. ��h�

��� ¡L¢£ ferritin�¤¥¢¦7

�§¨©ª«�OO¬�_L®¯«

°± [2], ²r¢³"´µ¶(genetic hemo-

chromatosis)�n®JL��®_·�<

¸�nª¹+�R��� º�/»_

¯®¯¼¯�_ [3]. ¢£ ferritin6¶

L¹+.½, ¾�n¿À��K2Á¦Â

N6ÃÄÅ�YZ®¯¼Æ [4-6], ¯¢Ç

[7], qMJ�¢¶ [8], ¤¥�§¨7¢¦

6 ¶ [2], ¥R ÈÉ [9,10]7ª #OJ

�LÊYZËÌq¯�_. ÍÎÏ¢£

ferritin6¶«�§¨�ÐÑL3W¶

ÒÓ76 #OÐª ®¯¼¯ �Y�

[3,10-14], 3W¶ÒÓÃÄ�3.�J/

ÔL  º� 3. 'r� ,Õ¡Ö Kl

¼¯�qL×_.

��h��73W¶ÒÓ76#OÐ

�3ØKl¼¯�L'rYZLÙÚ,

h� �6 ¶L Û�n6 �§¨ ÜÝ

� 9Ø¡¾ ¯�§¨¢¶� �'¡¯

[15,16], ÞÚ �J ßsi²'(hydroxy

radical)6ÁÐ�àá, ßsuâãuä²

å¡¾�§¨hæÐå��'¾._L

ÊJ_ [17]. Ñ.ç¶�èJ�§¨hæ

Ð, ÈÉ, mé�s¶ê63WJ��ë

Å.V��¡LÊYZìíqîn, ï

Ð�è�Më¡�� ferritinªJ«Oð

J�LÊYZ®¯�_ [13]. Ã6Kl

ñ 'r� òó ôõ6 2[#Tä öØ

KlñÊYZ, õ�#T6��¹+.

Ð�½Ð [10] ÑL÷�Ò¾Ð [18] É�

3�YZJøÏù_. 

J�Q#T�nLqVWú�ûk¡

LÐ�½, ¾ä3�YZ��h��<

¸J¢³"´µ¶J0ü��YZý

�<�LþÃ��nÐÿ�!"¢£
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ferritin7 3W¶ÒÓ76 OðÐ� $%

¡¯i¡&_. Ñ.¢£ ferritinJ3W¶

ÒÓ76 O¬�n Û '� �'« ç¶

�è�� ¡LÅ�(�öK.�'�

nª ¿À�YZ )U¡L q� 3Ø ì

0®'Ã¡¾<[¼*_. 

#$%&'()

!"#$%&'

Q #TL .õ©+²r�,-â#T

(Korean Rural Genomic Cohort Study,

KRGCS) T�� ÃØ 2006A 1CR. 12

C/qr0½ª�kl 41î(23î, 4

qî, _ªî, ß5î)�ûk¡L 404J

� 704J¡k6�3�YZ'71Wä

:l¡&¯, 8 1,920,(½i 763,, ¾i

1,157,)J1W�9¡&_. ÉÐÛç

7Û�:êÉÐÛM;�3.MN<

�á��(34,), %Ð*=�á>?�

��(12,), Û @"� alanine aminotrans-

ferase (J¡ ALT)« aspartate aminotrans-

ferase (J¡ AST)'¸®_ 2A77¡

¾ B� ��(41,), ïÐ Cç� 6D�

<�L"EYZ high sensitive C-reactive

protein(J¡ hs-CRP) > 3 mg/L ÑLF¢T

< 3,800 1/uL /ÉJû� 10,700 1/uL

J�� ��(339,), ¢³"¶� 6D�

<�L¢£ ferritinJ½i > 400 ng/mL,

¾i > 300 ng/mL�Ø¦¼L��(65,)

«GH�IKHä¥U¡¯�L��

ê�Kô.8 1,444,(½i 529,, ¾i

913,)�J*#T3�YZ2�¡&_.

#T� 9¾. òK 3��ÖL 1Wä

:l¡' r� #T6 Lq« �U� M

,.Òiå��m6nä?N_. 

("#)*+,-.

1Wr�1WqVîW�"«®¹"

�1W6Lq«ºÒOP�3ØM,

.Òm6äO* ,̄ J�ú6�PQR

PÿZ J�(�Ö 1W� 3Ø S®.

ÒTUiä;<¡&_. VÒ1WW(

� 6. EX rsîY� öØ 1W1Å

�3ØM,Z9¾ä[²¡& ,̄ \W

r]�L J�� ö¡û�, 1WW(J

JX rsîY� öØ \W« Wr ¸È

Wæ�;'l^_.  

i_<`�Ma1W, b�¬cZ¢d

\WäöØJøÏù_. 
!"#$%&'

MaqLKRGCS T��ÃØ1åñM

aqäJU¡& ,̄ Wr�Q#T6e

�7 9f� 3Ø gIh ið?� 1W

W�6Ø :l¼*_. k6761ÿî

;�öØWú�T4�jÐ(#k, Ð, 5

l< ,̧ mXê), ÉÐMN�3.7û<,

�noO ê� 1W¡&_. p# �'L

GHp#�'�!0GHp#i, 7û

p#i, Èp#iZ 1W¡&¯, qr�

sm¾RLt�uJ]�ª6sm�

qr�YZ ¡L ��« ¡q ×L ��

ZI!¡&_. vk�'LGHvk�

'�!0GHvk, 7ûvk, ÈvkZ

TI¡¾1W¡& ,̄ J- 1AÛ6vk

wªäxyD, .z� 1p/É, .z� 2-

4p, EkE� 2-3p, EkE� 4pJ�Y

ZI!¡¾1W¡&_. ¾Ð6���

P¾Rä1W¡¾J- 121CJ��

P{*|��ä÷�Jñ��Z}

>¡&_.  
("#)*+,

~s�X��'�nbå7=��

�¯mÀ�'�n1WWJb�, t�

ÖZ�PÞãäc�¡&_. b��<

mb�c�'äWU¡¾ 0.1 cm >Ã/

q, t�ÖL �ÐI Io'(Zeus 9.9,

Jawon Medical Co.)äWUØ 0.1 kg/qc

�¡&_. �PÞãL �iä JUØ 0.1

cm/qc�¡&L�mÀi4�n��

�(iliac crest)�ëDYZ<ýYZc�¡

&_. c�.b�7�ë�JU¡¾�

M�q<(kg/m2)ä¬ß¡&_. ¢Ç�c

�rJ" 10IJ����L.Ò<m

¢Ç¬äJU¡¾ 5IÛ�YZ 2pc�

¡& ,̄ ý���Io�JU¡&_. 
-"#./0'

òK3�iL 10lÛJ���¡ª�

¡&¯, ��¾RL î;� ö¡¾ Õ�

¡&_. ¢d��é¢�ÜÝ¡&¯, ¢

��JU¡¾¤¥¢¦�, FL¦Er

¢� WDIP. Ò FL. ¢£YZ 8

�ãu��, ëÐq9(triglyceride), ¯�ª

q>F(high density lipoprotein; J¡ HDL)

�ãu��, h�ª q>F(low density

lipoprotein; J¡ LDL) �ãu��, AST,

ALT, hs-CRP« ferritin ê�c�¡&_. i

mIo'¬(ADVIA 1650, Bayer, USA)ä

JU¡¾ c�¡&YÆ, ¢¦, 8�ãu

��, ëÐq9, HDL-�ãu��� @"

fYZ, AST« ALTL UVf, hs-CRPLî

VÈ�f��U¡&_. ¢£ ferritin�s

4åjîVc�f(chemiluminescence :

CLIA)YZc�¡&_. 
1"#2'34567

Q #T�nL 3W¶ÒÓ� National

Cholesterol Education Program-Adult

Treatment Panel III (NCEP-ATP III)6'¸

�JU¡¯ [19], �PÞã6'¸�4¬

®¹'T6 0l0-'ý= qV [¯ '

¸��U¡¾�6¡&_ [20]. 0l0-'

ý=qV6 NCEP-ATP III 3W¶ÒÓá

>'¸� 1) ¥RÈÉ : �PÞã½i

�90 cm, ¾i�80 cm���; 2) ¢ÇJ

� : �130/85  mmHg ÑL æ¯¢ÇKä

¥U¡L��, 3) ¯ëÐq9¢¶ : �150

mg/dL���; 4) ¢¦J� : ¤¥¢¦�

110 mg/dL ÑL ¢¦h¡K ÑL �§¨

Ô_ä?¯�L��; 5) hHDL-�ãu

��¢¶ : ½i <40 mg/dL, ¾i <50

mg/dL���JÆ, J�6 5qæeë

3q J�� Ø¦¼î 3W¶ÒÓYZ

}>¡&_. 

/"#01-.

<`ñi_L SPSS for Windows version

12.0 (SPSS Inc., Chicago, IL)�WU¡¾ö

¬Io�¡& ,̄ ö¬�²6<¸� 0.05

ä'¸YZ¡&_. c�.:<ë¢¦,

ëÐq9, ALT, hs-CRP« ferritin6c��

J �"�YZ Ô�» I5ä ®¾ ZV

:;�¡¾Io¡&_. òKIo�½,

¾äTI¡¾l[¡& ,̄ ¢£ ferritin�

WIÃ<(quartile)ä JU¡¾ � V�Y

Zþks¡&_. ¢£ ferritin6WIÃ'

¸�½iL 78.3, 123.6, 189.2 ng/mL, ¾i

L 37.0, 61.0, 95.5 ng/mL&_. 

¢£ ferritin WIÃ<� !" #T3�

i6 jÐ È5L IßIo7 �JK�
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J¶�<�ö¬�YZ²6¡Ö¶

¡& ,̄ ¾i6��#k, �M�q<, �

PÞã, <�'ZJ�'¢Ç, ¤¥¢¦,

8�ãu��, ëÐqM, LDL-�ãu�

�, ALT, hs-CRP«÷�¾ÐÈ�Jö¬

�YZ²6¡Ö¶¡L�º�®&_

(Table 1). 

#T3�i6 3W¶ÒÓ ²N�� ½

i 32.0%, ¾i 45.8%Z¾i�nÍBN

_. ½i�n ¢£ ferritin WIÃ� !"

3W¶ÒÓ²N�� 22.4%, 31.8%, 36.8%,

37.1%Z¢£ ferritinJ¶�<�3W¶

ÒÓ²N��ö¬�YZ²6¡Ö¶

¡&_ (p-trend=0.006). 3W¶ÒÓTÐÅ

" ë ¯ëÐqM¢¶, ¥RÈÉ6 ��

¢£ ferritin6<¸¶�!0²N�J

²6¡Ö ¶¡L Ü4ä ®&Y�, h

HDL-�ãu��¢¶6 ��L ¢£

ferritinJ ¶�<� ²6¡Ö C"¡&

_. ¢ÇJ�7¢¦J��¢£ ferritin

¡& ,̄ Model 26��LModel 16:<

��M�q<äÍ¡¾Io¡ ,̄ Model

3�nL Model 26 :<� ZV:; hs-

CRPäÜ¡& ,̄ Model 4�nL Model

36:<�ZV:; ALTäÜ¡¾I

o¡&_. 

#$*+

1W3�iLr� 1,444, [½i 531,

(36.8%), ¾i 913,(63.2%)]YZ ý� #

k�½, ¾RR 58.8 7.94, 58.0 7.94

&_. ¢£ ferritin <¸�½i 115.4 2.0

ng/ml, ¾i 53.5 2.3 ng/mlZ½i�n¾

i®_ ö¬�YZ ²6¡Ö BN_

(p<0.05). ¢£ ferritin6WIÃ�!"#

T3�i6 j¡� È5. \7 ½i6

���M�q<, �PÞã, <�'ZJ

�'¢Ç, 8�ãu��, ëÐqM, ALT,

hs-CRP«GHvk�J¢£ ferritin <¸

\�� JU¡&¯, 3W¶ÒÓ7 R 3

W¶ÒÓTÐÅ"�3.²N�6È5

L�JK�\��JU¡¾Io¡&_.

3W¶ÒÓ²N��3.ÈXÈ(95% b

¢TÛ)L _:� Zqu£ ú¤Io�

JU¡¾¢£ ferritin6K1WIÃä'¸

YZ¡¾RWIÃÿZKl¡& ,̄ ö

K.:<äzP.�'�n¢£ ferritin

<¸�!"3W¶ÒÓ76OðÐ�ì

0®N_. öK:<L3W¶ÒÓ6ÃÄ

Å��E��jÐ7b�¬cZ¢d

4� jÐ êYZ TI¡¾ E�� jÐ

�n#k, vkwª, ¾Ð6��÷�¾

R, b�¬cjÐ��M�q<, ¢d4

�jÐëç¶�è7Û'�¥qiJ

Æ, 3W¶ÒÓ6 ÃÄÅ�� hs-CRP«

ALTä R model�n Ü�YZ öK¡

Æ¢£ ferritin73W¶ÒÓ76OðÐ

�ì0®N_. Model 1�nL#k, vk

wª, VP¯¾Ð�n÷�¾RäöK

Table 1. Clinical and biochemical characteristics of 531 men and 913 women according to quartiles of serum ferritin

Quartile of serum ferritin

I II III IV Total p-trend

Men, no.
Age (yrs)
Body mass index (kg/m2)
Waist circumference(cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Glucose (mg/dL)*

Total cholesterol (mg/dL)
Triglyceride (mg/dL)*

HDL-Cholesterol (mg/dL)
LDL-Cholesterol (mg/dL)
ALT (IU/L)*

Hs-CRP (mg/L)*

Ferritin (ng/mL)*

Regular exercise(%)
Current smoker(%)
Current drinker(%)

Women, no.
Age (yrs)
Body mass index (kg/m2)
Waist circumference(cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Glucose (mg/dL)*

Total cholesterol (mg/dL)
Triglyceride (mg/dL)*

HDL-Cholesterol (mg/dL)
LDL-Cholesterol (mg/dL)
ALT (IU/L)*

Hs-CRP (mg/L)*

Ferritin (ng/mL)*

Regular exercise(%)
Current smoker(%)
Current drinker(%)
Menopausal status(%)

Data are mean SD, or geometric mean SE*, or n (%)

134
58.7 07.9
23.3 02.9
84.5 07.0

127.9 15.9
81.4 10.6
99.0 01.3

187.8 33.5
117.6 01.7
44.4 11.5

110.5 29.0
22.7 01.4
0.6 02.4

44.8 01.7
26 (19.4)
40 (29.9)
65 (48.5)

228
53.4 08.5
24.2 03.4
81.4 08.4

128.7 20.7
81.1 11.4
90.2 01.5

202.7 39.5
117.2 01.7
47.2 09.6

120.9 31.9
20.2 01.5
0.4 02.4

17.3 02.0
33 (14.5)
3 (01.3)

71 (31.1)
134 (58.8)

132
59.5 07.6
23.7 02.9
86.6 08.1

129.2 17.4
82.0 10.7
96.6 01.3

196.1 44.8
125.8 01.8
44.7 11.9

113.2 34.9
25.1 01.5
0.7 02.3

99.0 01.2
32 (24.2)
54 (40.9)
77 (58.3)

230
57.9 07.7
23.9 02.8
82.4 08.0

125.7 18.2
78.9 11.3
91.8 01.2

207.2 41.4
130.8 01.7
46.1 09.7

125.0 33.4
19.3 01.4
0.6 02.3

48.4 01.2
46 (20.0)
4 (01.7)

77 (33.5)
187 (81.3)

133
58.0 07.8
24.3 02.9
87.9 07.8

131.8 17.4
84.0 10.6
97.3 01.2

202.3 36.0
146.6 01.6
43.2 10.1

121.0 30.1
26.7 01.5
0.8 02.3

155.4 01.1
30 (22.6)
40 (30.1)
91 (68.4)

227
59.6 07.0
24.4 03.1
83.7 07.5

130.3 19.4
81.9 11.4
92.3 01.2

210.5 36.4
136.2 01.7
46.0 10.1

127.8 32.3
21.4 01.5
0.6 02.3

75.7 01.1
38 (16.7)
1 (00.4)

78 (34.4)
205 (90.3)

132
59.1 08.2
24.4 03.0
88.8 06.8

132.9 15.2
83.9 10.2

101.7 01.3
197.4 36.8
164.7 01.7
44.8 10.9

112.2 30.3
28.0 01.4
0.8 02.0

258.0 01.2
28 (21.2)
48 (36.4)

106 (80.3)

228
61.0 05.9
25.1 03.7
85.7 07.5

132.1 19.3
82.8 10.2
97.3 01.3

216.3 41.1
150.8 01.8
46.8 10.1

129.9 33.4
22.8 01.5
0.8 02.2

130.9 01.3
50 (21.9)
4 (01.8)

83 (36.4)
218 (95.6)

531
58.8 07.9
23.9 03.0
86.9 07.6

130.5 16.6
82.8 10.6
97.7 01.3

195.9 38.2
138.0 01.7
44.3 11.1

114.2 31.3
25.7 01.5
0.7 02.2

115.4 02.0
116 (21.8)
182 (34.3)
339 (63.8)

913
58.0 07.9
24.4 03.3
83.3 08.0

129.2 19.5
81.1 11.2
93.3 07.9

209.2 40.0
131.8 01.7
46.5 09.9

125.9 32.9
20.9 01.4
0.6 02.3

53.5 02.3
167 (18.3)
12 (01.3)

309 (33.8)
744 (81.5)

0.899
0.001

<0.001
0.007
0.025
0.382
0.018

<0.001
0.940
0.280

<0.001
<0.020
<0.020

0.811
0.142

<0.001

<0.001
0.001

<0.001
0.010
0.013

<0.001
<0.001
<0.001

0.662
0.002

<0.001
<0.001
<0.020

0.096
0.848
0.202

<0.001
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7²6.OðÐJ{*_.

¾i6��¢£ ferritin K1WIÃ�n

3W¶ÒÓ� 34.8%, K2, 3, 4 WIÃ�n

LRR 40.4%, 49.3%, 58.8%Z¢£ ferritin

<¸�!"3W¶ÒÓ²N��²6¡

Ö ¶¡&_ (p-trend <0.001). 3W¶Ò

ÓTÐÅ"ë¢ÇJ�, ¢¦J�, ¯ë

ÐqM¢¶7�PÞãJ�6��ª¢

£ ferritinJ¶°�!0J�"E�J

²6¡Ö ¶¡L Ü4ä ®&Y�, h

HDL-�ãu��¢¶�¢£ ferritin7²

6.OðÐJ{*_ (Table 2).

3W¶ÒÓ TÐÅ"6 J�"E <�

!"¢£ ferritin ý��È5.\7, ½,

¾òó�n3WëÒÓTÐÅ"6J�

"E6<¶�<�¢£ ferritin <¸

J¶¡&_ (p-trend <0.01)(Table 3).

¢£ ferritin K1WIÃä'¸YZ¡¾

ferritin <¸J¶°�!"3W¶ÒÓ

²N�� 3. ÈXÈä T¡&_. ½i

6��, #k7vkwªäöK.�'

�n3W¶ÒÓ�¢£ ferritinJ¶�

<�ÈXÈ²6¡Ö¶¡& ,̄ K1

WIÃ� ÈØ K3WIÃ ÈXÈ 2.13

(95% CI=1.23-3.69), K4WIÃ ÈXÈL

2.21 (95% CI=1.26-3.87)Z ö¬�YZ ²

6¡&_. V¦� �M�q<, hs-CRP,

ALTäöK.Model 2, Model 3, Model 4�

nL¢£ ferritin73W¶ÒÓ�²6.

OðJ{*_. ¾i6��, #k, vkw

ª, ÷�¾RäöK.�'�n3W¶

ÒÓ�¢£ ferritinJ¶�<�ÈXÈ

²6¡Ö¶¡& ,̄ K1WIÃ�È

ØK4WIÃ6��ÈXÈ 2.10 (95%

CI=1.40-3.17)Z ö¬�YZ ²6¡&_.

�M�q<äÜZöK.�'�nL

Model 1� ÈØ ²6Ð� C"¡&Y�,

²6. �º� ®&¯, hs-CRP« ALTä

Ü öK. Model�nL ferritin ¶�

!"3W¶ÒÓ�3.ÈXÈLö¬�

YZ²6¡q×N_. V¦�K1WIÃ

�ÈØK4WIÃ6��3W¶ÒÓ�

3.ÈXÈLö¬�YZ²6¡ÖBN

_ (Table 4).

,-

Q#TL¢£ ferritinYZc�¡L�

� h� �7 3W¶ÒÓ76 OðÐ�

ì0®'Ã¡¾ 404J�©+qVk6

�3�YZl[¡&_. >î#TäJ

U. 2[#T� 6¡î h� �� ¯¢

Ç [7], J�qM¢¶ [8,19], ¤¥ ¢¦7

�§¨6¶ [2,3,10], ¥RÈÉ [7,10]7

3W¶ÒÓ [3,6] ê6D¢OM;ÃÄÅ

�7 OðJ �L ÊYZ ®¯¼¯ �Y

Æ, JL3�i6�J«qV�zP¡

¾ª EOÐ �L #T\7ä ®¯¡¯

�_. V¦�Q#T6��>:�Io

�nL¢£ ferritinJ¶�<�3W¶

ÒÓJ ¶¡L �ºJ �*Y�, Oð

ÃÄÅ�� öK. �'�nL ¢£

ferritin� 3W¶ÒÓ7 ²6. OðÐJ

Table 4. Adjusted odd ratios of the metabolic syndrome by sex-specific quartiles of serum ferritin

Quartile
Model 1

OR (95% CI)*

Model 2

OR (95% CI)

Model 3

OR (95% CI)

Model 4

OR (95% CI)

Men
1 (n=134)
2 (n=132)
3 (n=133)
4 (n=132)
p-trend

Women
1 (n=228)
2 (n=230)
3 (n=227)
4 (n=228)
p-trend

1.00
1.69 (0.97-2.94)
2.13 (1.23-3.69)
2.21(1.26-3.87)

0.024

1.00
1.09 (0.73-1.62)
1.48 (0.99-2.21)
2.10 (1.40-3.17)

0.001

1.00
1.51 (0.82-2.79)
1.74 (0.95-3.19)
1.69 (0.91-3.14)

0.286

1.00
1.15 (0.75-1.75)
1.41 (0.92-2.15)
1.78 (1.15-2.76)

0.051

1.00
1.50 (0.81-2.80)
1.68 (0.91-3.11)
1.63 (0.87-3.07)

0.356

1.00
1.10 (0.72-1.68)
1.35 (0.88-2.07)
1.65 (1.06-2.57)

0.107

1.00
1.42 (0.76-2.65)
1.51 (0.81-2.82)
1.41 (0.74-2.68)

0.594

1.00
1.12 (0.73-1.72)
1.33 (0.87-2.05)
1.61 (1.03-2.51)

0.162
* OR, odds ratio; CI, confidence interval
Model 1: Adjusted for age and alcohol intake (menopausal state in women). 
Model 2: Adjusted for age, alcohol intake (menopausal state in women) and body mass index.
Model 3: Adjusted for age, alcohol intake (menopausal state in women), body mass index and hs-CRP(log-transformed).
Model 3: Adjusted for age, alcohol intake (menopausal state in women), body mass index, hs-CRP(log-transformed),
ALT(log-transformed).

Table 2. Prevalence of the metabolic syndrome and its components by sex-specific quartiles of serum
ferritin

Quartile of serum ferritin

I II III IV p-trend

Men
No. 
Metabolic syndrome
Blood pressure �130/85 §Hg*

Plasma glucose �110 ̈ /©ª

HDL cholesterol «40 ̈ /©
Serum triglyceride �150 ̈ /©
Waist circumference �90 ¬

Women
No. 
Metabolic syndrome
Blood pressure �130/85 §Hg*

Plasma glucose �110 ̈ /©ª

HDL cholesterol «50 ̈ /©
Serum triglyceride �150 ̈ /©
Waist circumference �80 ¬

* Includes individuals who reported current use of antihypertensive medications regardless of blood pressure values. 
ª Includes individuals who reported current use of oral hypoglycemic medications or insulin regardless of fasting glucose
values.

134
30 (22.4)
78 (58.2)
20 (14.9)
59 (44.0)
35 (26.1)
30 (22.4)

228
79 (34.8)

109 (48.0)
17 (07.5)

140 (61.4)
72 (31.6)

133 (58.3)

132
42 (31.8)
84 (63.6)
18 (13.6)
51 (38.6)
47 (35.6)
49 (37.1)

230
92 (40.4)

106 (46.5)
23 (10.0)

155 (67.4)
87 (37.8)

142 (61.7)

133
49 (36.8)
75 (56.4)
26 (19.5)
47 (35.3)
64 (48.1)
47 (35.3)

227
111 (49.3)
131 (58.2)
23 (10.1)

154 (67.8)
95 (41.9)

161 (70.9)

132
49 (37.1)
88 (66.7)
27 (20.5)
43 (32.6)
76 (57.6)
57 (43.2)

228
133 (58.8)
143 (63.3)
42 (18.4)

152 (66.7)
114 (50.0)
179 (78.5)

0.006
0.339
0.125
0.045

<0.001
0.001

<0.001
<0.001
<0.001

0.249
<0.001
<0.001

Table 3. Geometric mean (95% confidential
interval) of serum ferritin levels according to the
number of metabolic syndrome components by
sex

No. of
components

Men Women

0 
1
2 
3 

�4 
p-trend

107.8 (091.8-126.5)
93.2 (082.2-105.7)

122.6 (109.4-137.4)
125.6 (111.2-142.0)
143.4 (121.3-169.5)

0.001

37.4 (29.2-47.8)
42.6 (37.2-48.8)
53.1 (48.2-58.4)
57.9 (51.8-64.8)
67.7 (61.1-74.9)

<0.001
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Ferritin�kÅ�h�>FYZÛ7È

�(L-iosferrin), D�7b�(H-isoferrin) ê

6òK45�nåE¼ ,̄ ¢£ ferritin6

©ªL ¾¦ V4#T�n �� � h�

�� � ¡L ÊYZ J WU¼¯ �

YÆ [20], Ð7#k�!0_®ÖI5

._ [21]. 

Q#T�n¯°Q¢£ ferritin6¶

�!"RR63W¶ÒÓTÐÅ"«6

OðÐ�½i6��hHDL-�ãu��

¢¶, ¯ëÐqM¢¶7¥RÈÉJ²6

.OðJ�* ,̄ ¾i6��LhHDL-

�ãu��¢¶�Kô._"TÐÅ"

« ²6. OðJ �*_. 3W¶ÒÓ7

6OðÐ�®î¢£ ferritin <¸J¶

°�!03W¶ÒÓ²N��½, ¾ò

óö¬�YZ²6¡Ö¶¡L�º�

®& ,̄ JL#k7vkwª, ÷�¾R

äöK.�'�nª½, ¾òó�n¢

£ ferritin <¸6¶L3W¶ÒÓ6Ã

Ä�ö¬�YZ²6¡ÖBJL�º�

®¾, õ�ô�n JøÏá 2[#T

[3,10-14,18]«EOñ\7ä®¾kLÊ

±N_. 

ÈÉê�È����WJ²��ÁÐ

Jj¡�ÉÐç¶�è7OðJ� ,̄

JZ �Ø ïÐ' �è�M6 �ÐJ ¶

ñ_. ç¶Ð WJ²��6 nÐ� 3

�45(macrophage)6 ferritin mRNA6r

Wä¶l³, ferritin6¶ä�'._.

´¢£ ferritin�ïÐ'�è�MZ��

ç¶�èJ �� �� ¶._ [13,22].

FerritinJç¶�è�� ¡Lq¥J'

ª ¡�, 3¥�� ç¶�è�M� hs-

CRPZ, JL3W¶ÒÓ�Èµ¡¾¦Â

N7D¢OM;6¿À��ÃÄÅ�Y

ZKl¼¯�_ [23]. Ñ.��rJ�

¶(transitional metal)YZÈ�èÐi²'

ä�èÐi²'Z:sl³n, ßsi

²'äÉK_. Jßsi²'Lq9, >

FMZ JøÏá 45·7 DNA ¸��

EY¹Æ, 1m¸�� ²å._ [20,24].

J� h� �6 ¶L º��n6 �§

¨»Ð7IÈähØ¡ ,̄ Û�n6�

§¨ÜÝ'��9Ø¡¾¯�§¨¢¶

7 �§¨ IÈ ¸�� 7¼¡¾ �§¨

hæ�²å._. \7�YZ¢£ ferritin

6¶L�§¨hæ�ÛJ5°ñÊ

�6/¡LÊYZ¢£ ferritin�Èì�

Ðq9ÛM;7Oð�_ [25]. J¦.

2[#T\7ä ¯í¡¾ Q #TL

ferritinJç¶�èZÛ'��'ä� 

¡L q¥� BMI, hs-CRP, ALTä öK.

�'�n¿À�YZ3W¶ÒÓ7Oð

J�Lqäì0®'Ã¡¾Io�l

[.\7, òK3�i�n¢£ ferritin6

<¸ ¶� !" 3W¶ÒÓ� 3. È

XÈ6 ö¬� ²6Ð� W0ù¯, _É

¾i�nK1WIÃ�ÈØK4WIÃ6

��3W¶ÒÓ�3.ÈXÈö¬�

YZ²6¡ÖBN_. 

Q#T6\7L½i�n¢£ ferritin

7 3W¶ÒÓ6 OðJ {v� ®¯.

ERa½ [3,12] ô�_<6å¥ñ#T

\7«L�J¡_. Q#T6\7�6

¡î¢£ ferritin�3W¶ÒÓ7OðJ

�Y�, �M�q<�ALT, hs-CRP ê7L

zP¿À�YZ3�¶ÒÓ� º�/

ÔL :<ZL }>� < {v� 6/¡

Æ, ¢£ ferritinJ3W¶ÒÓ6W�YZ

)U¡'®_L3W¶ÒÓ6¥GÁJ

� ¥qiZ )U� <ª �v� 6/¡

LÊJ0�Rñ_. 

Q#TL#T3�JER©+qV�

ûk¡LÈ5�¯k6Ð��3�YZ

¡&' ¾a� �P�0 r� Ð��Ö

#T\7äE�s¡L�LK.J��

<�_. V¦�Q#T6��õ�2[

#T(7LzPqVWú�ûk¡LE

���k6�3�YZ#Tälª¿_

LÀ�66ä(<��ÊYZ�Rñ

_. ¢£ ferritin�ïÐ'�è�MZCç

�6Ø¶�<�_. J�Û'�\W

« Ma 1Wä -ûZ ÛM;i« hs-

CRP«F¢T<äJU¡¾ïÐCç�

6D� < �L ��ä Kô¡¯ Io�

lª°YZÁCç�6. º�J"s

¡í¯Â<¡&_. V¦�Èu�ZJÃ

ÐæçKê�3.Ä�¥U<7'Å

ferritin ©ª� º�/Æ<�L:<ä

AK¡qL Ç. ÀJ K.ÀJ0 � <

�_. V¦� Q #TL ¢³"´µ¶�

6D�<�L'¸YZ¢£ ferritinJ½

i > 400 ng/mL, ¾i > 300 ng/mL�Ø¦

¼L��ä#T3��nKô°YZÁ

�� ferritin <¸�n6 3W¶ÒÓ76
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