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Reference Interval of Serum Thyroid Hormones in Healthy Korean Adults
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Objectives : This study was conducted to determine the
reference interval of serum thyroid hormones (TSH, FT3,
FT4) in healthy Korean adults. 

Methods : Health examination data from 1,591 healthy
Korean adults who visited an university hospital were
analyzed. Patients with specific health conditions capable
of altering laboratory results were excluded from the study.
Serum thyroid hormones were measured using IMMULITE
2000 (DPC, USA, 2002). Subjects were 18-65 years old;
911 were male, and 690 were female. 

Results : The arithmetic means of TSH, FT3, and FT4

values for male subjects were 1.28C1.84 DIU/E, 3.23C
0.57 pg/E, and 1.42C0.22 ng/F, respectively. In female
subjects, the arithmetic means of TSH, FT3, and FT4
values were 1.49C2.08 DIU/E, 3.08C0.54 pg/E, and 1.29
C0.24 ng/F, respectively. The arithmetic mean FT4 value
for males decreased with age (p<0.01). The arithmetic
mean FT3 value for females increased with age (p<0.01).
The arithmetic mean thyroid hormone values of all study

subjects differed signif icantly based on season. The
arithmetic mean of male FT4 decreased with increasing BMI
(p<0.01). The arithmetic mean of female FT3 increased with
increasing BMI (p<0.01).  The reference intervals
recommended by the IMMULITE 2000 manufacturer are
0.40-4.00 DIU/E for TSH, 1.80-4.20 pg/E for FT3, and
0.80-1.90 ng/F for FT4 (same values for both genders). 

Conclusions : There was a significant difference in the
interval of thyroid hormones between males and females,
but the reference interval of IMMULITE 2000 was not
established by gender. There is a need to reestablish the
reference interval for thyroid hormones in Korean healthy
adults.
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tuvw6xyz{|}~w6��

a��: 5.8%�/6����� [1] N

�?������, ������, ��

��, a��������z�u��

{9z6V�: H��¡¢£�¤w

6/  [2]. tuv¥¦!�§?@¨©

ª�«;�3z¬­AB§[®¨¤¯

tuv �°± AB¤ �² �³z Z´

µ z . / � tuvV¶�°±(thyroid

stimulating hormone, TSH, thyrotropin)x·

� tuv �°±: ¸¹4­ «;§ º

»{� ¼¤ �! <½¨© ¾/z `¿

��� [3], À¹ »/Á�(free thyroxine,

FT4)xtuv��»/Á�(thyroxine, T4)

/ |}�¤ Â¡§ º»{�Ã��Ä,

/� �AB¤ T4: ¸Å;¸¹4­�

Æ-� 3¨Ç �� 7È­� Â7§ É

ÊË¼¤Ì��ÍÎÏ�  [4]. Ð¹©

tuv¥¦Ñ?�/:ÒÓÔ�¤ TSH

ÕÀ¹Ö¹³¡»/�× (free triiodothy-

ronine, FT3)µØÙABØ/?@�ÀÚ

¨�, tuv ¥¦U¨�/ :ÒÓ Ô�

¤ TSHÕ FT4µØÙABØ���ÛÅ

�¤Ü;§ÝµH�  [5]. Þz, TSH

|}§ ßÉ¨¤ àÉ, á eâ�/ãº

¡ä½µåÇ¨©�¤6V��¤·æ

TSH�ßÉ�ç�·æ TSH èÂ;éê

� FT4Õ FT3§ØÙèÂ¨¤Ì/>É

tuv¥¦µ�!Âë¨ìí#¨¤=

î��ÍÎÏ�  [6].

/ïzAB�µðñ°ìËò¨¥ó

Ë�¤ }5 Aô¨¥ óz ¥õ/ ö³

¨�, /Ô BÚ¨¤ ÷©ª¤ ¥ø­�

� Âu�� ù¼�¤ NÂ ú@µ 3u

��[®ûABÜ;��üýþûÿµ

/Úz . !u"#µX¨©/:¿õ

$� 2%H§é¨©&'ó�Â¨ìû

 . /ÿx[àµÊ(¨¤)B��È

|z Aô * É[�¤ ÿ/¥¡ ¨`+

3 HAB>��/§Ð3�­Ú¨Ç

÷©ª� BÚ¨ì �¤ Ì/ ,>/ 

[7]. Ðïº>É�--:AB>x6,,
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[/, [à, 6V:|0u*�/ °�

[7], [àµ Ê(¨¤ )B�� É[¨¤

÷©ª¤3�|/À1�µ¥õ��ý

þûÿ��À1.�Õ}À1.�ù:

tuv�°±:÷©ª¤­`2x�/

� ��ç�, z.�� Ð3� ­Ú¨¥

�¤3É4/�  [8-10]. Ðïç�Ðº

5�X:¾Å�6¤V�÷©ª/Â

/³Xû  [11,12]. Þz, ,7tuv�

°±AB��¤89, Å:, ~;/©Î

�` 2x !<­� ÷©ª§ BÚ¨©

��º, Nishi � [13]:8X��¤ TSHÕ

FT3¤=>/Ç?7 @x÷©ª§7

� ©7©¨A��, Hubl � [8]:8X

��¤ FT3, FT4��2B�/�Cìº

»º�, FT3¤ 50D/¨E�� 50D/u

E 7  @x ÷©ª§ º»F © 7©

¨A�ç�Å:, 89, ~;�/©Îû

÷©ª�É[��Gz . /�/8X

¤ 8H�?Iü§ =3z 8H Å�µ

3u�� TSH, FT3, FT4:÷©ª§/Â

¨©, Å, 89, ~;, ³JãKLÂ¡�

MN�/��¤`§äO¨©,  N�

�; z.�µ 3u�� PBz /a:

Å­;}5¨ÇTu­ÀÚÅ/�¤`

§"�¨©V[®�Q .

#$%&'

3X`Z NR 34S9 8H�?Iü

�� 2003L 11M�ü 2004L 10MT` 1

L-U�<8H?@µVx 18D�� 82

DT`: Å� 2B 4,627\µ 3u��

/3PB, ·WAB, XÕYZìèÂµ

>[¨A . 8X3uVvÂ;Â��t

uvw6:;�[;�\[/�¤V,

tuvw6��åàµ¨A�ºH]z

,^/�¤V, ,7à_ª���V, `

�za/{b;­H]µVxV, T�

�/�ºþýz` 1Lc+�ÇV, 66D

/u�V¤3uV��Éb¨A��-

�·WAB��Âu�£µ7� 18D�

� 65DB/:3Xd,e`Z��¼¨

¤ 1,591\(2V 911\, ÇV 680\)µ`�

|ò3u��¨A . 

/3`:{Úxtuvfghif 1

3Ñ, ;�[, �\[, åà[ÀZ 43Ñ,

T�, þý�fzBÑ 23Ñ, tuvf

gH]j»H]ÀZ 23Ñ��XÅ�

Q . 

·WAB¤AB§óËA?kNlm

hB: nhµ 0Ø¨Ç ao Up hB

/*­�¡ 10[ù/uÊqu+§À`

¨ìz*Ja 8[ 30|�� 10[B/�

Âr·µ0·¨A��, ·æ|¹* 2[

ù/{�AB§>[¨A .

�!;��xH?VÚ�sµt©�

¢µ ux u+�� èÂ¨A©, �wv

`H(body mas index, BMI)§~ý¨Ç 23

w/x c+: ÂuE; 23.0-24.9 w/x:

ó^E, 25 w/x/u:}+E��X|

¨A .

Âu�µ�Î{¥óz·Wb4AB

� FBS, T-Chol, TG, AST, ALT, TP, ALB,

BUN, CRE, LDH, CPK, Amylase, C-RP¤

OLYMPUS -AU5400 ¥¥(OLYMPUS,

JAPAN, 2000)§ BÚ¨A© , HCV¤

AXSYM ¥¥(ABBOTT, USA, 1996)§B

Ú¨A��, HBV¤ IMMULITE 2000 ¥¥

(DPC, USA, 2002)§BÚ¨A .

AST (aspartate aminotransferase)¤ 10-35

U/L, ALT (alanine aminotransferase)¤ 0-40

U/L, TP (total protein)x 6.5-8.2 g/F, ALB

(albumin)x 3.5-5.0 g/F, LDH (lactate

dehydrogenase)¤ 150-550 U/L, CPK

(creatine kinase)¤ 2V 57-374 U/L, ÇV

35-230 U/L, Amylase¤ 30-135I U/L,HBV

negative, HCV negative, BUN(blood urea

nitrogen)x 8-30 y/F [14], CRE (creatinine)

x 0.6-1.5 y/F, FBS (fasting blood sugar)¤

70-139 y/F [16], T-Chol (total cholesterol)x

120-299 y/F [15], TG (triglyceride)¤ 38-

499 y/F [14], C-RP (C-reactive protein)¤ 0-

0.49 y/F [16], AFP¤ 0-399 ng/E [14]�

,²§Âu�E��|�¨A .

TSH, FT3, FT4¤«�zZèÂî:N�

� b4¢Y|òî(Enzyme-Amplified

Chemilumnescence)µ /Úz IMMULITE

Table 1. General characteristics of subjects

Characteristic
No. (%)

Male Female Total

Age(Years)
{39

40  -  49
50 {

Residential Area
Daegu
Gyeongbuk

Marital Status
Married
Unmarried
Others

Household Income(10,000won)
{100 

100  -  199
200  -  299
300 {
No Response

Education
Elementary
Middle
High
College
Graduate school
No Response

Occupation
Officials and Managers
Technicians and associate professionals
Merchants
Craft workers
Agriculture, Forestry and Fishery
Salesman
Houseworker
Others
No Response

Total

304 (33.4)
398 (43.7)
209 (22.9)

674 (74.0)
237 (26.0)

847 (93.0)
51 (05.6)
13 (01.4)

30 (03.3)
144 (15.8)
274 (30.1)
442 (48.5)
21 (02.3)

23 (02.5)
44 (04.8)

256 (28.1)
477 (52.4)
99 (10.9)
12 (01.3)

376 (41.3)
229 (25.1)
101 (11.1)
90 (09.9)
29 (03.2)
19 (02.1)

-
53 (05.9)
14 (01.4)

911 (57.3)

235 (34.6)
291 (42.8)
154 (22.6)

528 (77.6)
152 (22.4)

610 (89.7)
25 (03.7)
45 (06.6)

74 (10.9)
129 (19.0)
176 (25.9)
226 (33.2)
75 (11.0)

50 (07.4)
74 (10.9)

273 (40.1)
253 (37.2)
19 (02.8)
11 (01.6)

47 (06.9)
46 (06.8)
48 (07.1)
17 (02.5)
9 (01.3)

23 (03.4)
453 (66.6)
25 (03.7)
12 (01.7)

680 (42.7)

539 (33.9)
689 (43.3)
363 (22.8)

1,202 (75.5)
389 (24.5)

1,457 (91.6)
76 (04.8)
58 (03.6)

104 (06.5)
273 (17.2)
450 (28.3)
668 (42.0)
96 (06.0)

73 (04.6)
118 (07.4)
529 (33.2)
730 (45.9)
118 (07.5)
23 (01.4)

423 (26.6)
275 (17.3)
149 (09.4)
107 (06.7)
38 (02.4)
42 (02.6)

453 (28.5)
78 (04.9)
26 (01.6)

1,591 (100.0)
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èÂÿx 39D /¨��¤ -- 1.46C

1.84 DIU/E, 3.06C0.51 pg/E, 1.29C0.21 ng/

F, 40-49D��¤-- 1.54C2.08 DIU/E,

3.02C0.56 pg/E, 1.29C0.28 ng/F, 50D/

u��¤ -- 1.45C2.44 DIU/E, 3.23C

0.50 pg/E, 1.30C0.20 ng/F/Q . 89/

��Ø�M52V¤ FT4�À:¨ì�

�¨A© (p<0.01), ÇV¤ FT3�À:¨ì

��¨A  (p<0.01)(Table 3).

!"#$%&'()*+,-./012

2V 3uV � |� ABz 192\:

TSH, FT3, FT4èÂÿx-- 1.25C1.72 D

IU/E, 3.25C0.52 pg/E, 1.42C0.22 ng/F,

Ç?�ABz 376\x-- 1.27C1.82 D

IU/E, 3.17C0.58 pg/E, 1.43C0.23 ng/F,

�µ�ABz 174\x-- 1.32C1.72 D

IU/E, 3.33C0.55 pg/E, 1.44C0.21 ng/F,

=>�ABz 169\x-- 1.31C2.18 D

IU/E, 3.22C0.61 pg/E, 1.39C0.20 ng/F/

Q . ÇV3uV�|�ABz 143\:

TSH, FT3, FT4:èÂÿx-- 1.49C1.93

DIU/E, 3.11C0.49 pg/E, 1.30C0.23 ng/F,

Ç?�ABz 234\x-- 1.38C2.03 D

IU/E, 2.98C0.50 pg/E, 1.29C0.31 ng/F,

�µ�ABz 125\x-- 1.42C2.46 D

IU/E, 3.23C0.56 pg/E, 1.31C0.20 ng/F,

=>�ABz 178\x-- 1.75C1.92 D

IU/E, 3.09C0.59 pg/E, 1.27C0.18 ng/F/

Q . ~;�M52V¤ FT3��µ�@

©Ç?�}lÀ:z�/��Q��

(p<0.05), ÇV¤TSH�=>�@©Ç?�

3"#4&5 67 '()*+,- ./

012

a� 3uV: TSH, FT3, FT4: èÂÿ

x TSH 1.37C1.95 DIU/E, FT3 3.17C0.56

pg/E, FT4 1.37C0.24 ng/F/Q . 2V:

TSH, FT3, FT4:èÂÿx-- 1.28C1.84

DIU/E, 3.23C0.57 pg/E, 1.42C0.22 ng/F

/Q©, ÇV: TSH, FT3, FT4:èÂÿx

-- 1.49C2.08 DIU/E, 3.08C0.54 pg/E,

1.29C0.24 ng/F/Q . TSH¤2V�}

ËÇV�À:¨ì@~© (p<0.01), FT3,

FT4¤ÇV�}Ë2V�À:¨ì@~

  (p<0.01)(Table 2).

8"#9:5 67 '()*+,- ./

012

2V: TSH, FT3, FT4: èÂÿx 39D

/¨��¤-- 1.31C1.75 DIU/E, 3.21C

0.54 pg/E, 1.45C0.20 ng/F, 40-49D��¤

-- 1.26C1.84 DIU/E, 3.21C0.52 pg/E,

1.43C0.23 ng/F, 50D /u��¤ --

1.28C1.97 DIU/E, 3.29C0.69 pg/E, 1.35C

0.21 ng/F/Q . ÇV: TSH, FT3, FT4:

2000 ¥¥(DPC, USA, 2002)§BÚ¨Ç|

ò¨A .

Húû V�: Â¹Õ !~ |òx

SPSS/PC 12.0 ��Ð�µ /Ú¨A©,

èÂ �H�: ¥]!~vµ "#; ¿

õ$�§ /Ú¨Ç É[¨A . |ò 3

u V�: Â�|0Å Ç�¤ N¿ø

Kolmogorov-Smirnov AÂîµ BÚ¨Ç

ë�zÜ;, FT3, FT4èÂÿxÂ�|0

Å/ ë��� 9� |0§ |ò� /Ú

¨A©, TSH¤ ���� ª²� |0§

º»{�V8�Ð�ª6z|0§|ò

�/Ú¨A . Å, 89, ~;, `Z, ³J

ãKLÂ¡, }+¡�MNTSH, FT3, FT4

:�¡: �/§ t-AÂ; |ý|ò

(ANOVA)µ /Ú¨Ç AÂ¨A©, TSH,

FT3, FT4èÂÿ:"#C2 ¿õ$�ÿµ

÷©ª�/Â¨A .

()

;"#<(=->?@A4

3uV 1,591\ � 2V� 911\(57.3%)

/Q©ÇV� 680\(42.7%)/Q . 89

:�¤ 40-49D� 43.3%��!�~��,

39D/¨ 33.9%, 50D/u 22.8%/Q©,

`Zx3X� 75.5%, ,e/ 24.5%A .

Ü� u+¤ ¥�/ 91.6%, c�/ 4.8%,

¥»¤ 3.6%/Q��, �~��Hõx

300+ 9 /u/ 42.0%, 200-299+ 9/

28.3%/Q  . 4[x 2V¤ 3�/

52.4%, ÇV¤©�/ 40.1%��!�~

 . ��x2V¤BZdf¹�/ 41.3%

��!�~��, a3d¥]d®Â�/

25.1%�  �/Q©, ÇV¤ ¼�d�B

�BV� 66.6%��!�~  (Table 1).   

Table 2. Arithmetic mean of thyroid hormone according to gender

Gender Subject TSH(DIU/E) * FT3(pg/E)* FT4(ng/F)*

Male
Female

Total

Values are meanCSD, * p<0.01 measured by t-test.

911
680

1,591

1.28C1.84
1.49C2.08

1.37C1.95

3.23C0.57
3.08C0.54

3.17C0.56

1.42C0.22
1.29C0.24

1.37C0.24

Table 3. Arithmetic mean of thyroid hormone according to age

Age
(year)

Male Female

Subject TSH(DIU/E) FT3(pg/E) FT4(ng/F)* Subject TSH(DIU/E) FT3(pg/E)* FT4(ng/F)

{39
40  -  49
50 {

Total

304
398
209

911

1.31C1.75
1.26C1.84
1.28C1.97

1.28C1.84

3.21C0.54
3.21C0.52
3.29C0.69

3.23C0.57

1.45C0.20
1.43C0.23
1.35C0.21

1.42C0.22

235
291
154

680

1.46C1.84
1.54C2.08
1.45C2.44

1.49C2.08

3.06C0.51
3.02C0.56
3.23C0.50

3.08C0.54

1.29C0.21
1.29C0.28
1.30C0.20

1.29C0.24

Values are meanCSD, * p<0.01 measured by oneway-ANOVA.

Table 4. Arithmetic mean of thyroid hormone according to season

Season
Male Female

Subject TSH(DIU/E) FT3(pg/E)* FT4(ng/F) Subject TSH(DIU/E)� FT3(pg/E)� FT4(ng/F)

Spring
Summer
Autumn
Winter

Total

192
376
174
169

911

1.25C1.72
1.27C1.82
1.32C1.72
1.31C2.18

1.28C1.84

3.25C0.52
3.17C0.58
3.33C0.55
3.22C0.61

3.23C0.57

1.42C0.22
1.43C0.23
1.44C0.21
1.39C0.20

1.42C0.22

143
234
125
178

680

1.49C1.93
1.38C2.03
1.42C2.46
1.75C1.92

1.49C2.08

3.11C0.49
2.98C0.50
3.23C0.56
3.09C0.59

3.08C0.54

1.30C0.23
1.29C0.31
1.31C0.20
1.27C0.18

1.29C0.24

Values are meanCSD, * p<0.05, � p<0.01 measured by oneway-ANOVA.



z.Å�:tuv�°±÷©ª 131

}~�� (p<0.01), FT3¤�µ�@©Ç?

� }l À:z �/� �Q  (p<0.01)

(Table 4). 

B"#CDE FG5 67 '()*+,

-./012

2V 3uV: TSH¤��N ��� �

 �³Jã§KL¨¤E/ 1.60C1.49 D

IU/E��!@~©, �¨��z_�KL

¨¤E/ 1.16C1.57 DIU/E��!}~

 . FT3¤�¨�� z_�KL¨¤ E/

3.44C0.58 pg/E� �! @~©, �N¼N

� 2-3)�KL¨¤E/ 3.19C0.66 pg/E

��!}~ . FT4¤��N���� �

KL¨¤E/ 1.47C0.23 ng/F���!

@~��, ��:�`2�����zE

/ 1.38C0.21 ng/F� �! }~ . ÇV

3uV: TSH¤�¨��z_�KL¨¤

E/ 1.65C1.51 DIU/E� �! @~��,

��: �` 2��� ��z E/ 1.39C

1.97 IU/E��!}~ . FT3¤�¨��

z_�KL¨¤ E/ 3.13C0.51 pg/E�

�!@~��, ��N���� �KL

¨¤E/ 2.46C0.29 pg/E��!}~ .

FT4¤��N���� �KL¨¤E/

1.32C0.13 ng/F� �! @~��, ��:

�` 2�����z E/ 1.28C0.22 ng/

F��!}~ . ³JãKL�H�M

Ntuv�°±:ý]"#ÿx³Jã

KL �H� �µHÁ 2B ���� 3

�� @l`¤ ,�µ 7A�º À:z

�/¤l�Q  (Table 5). 

H"#IJK5 67 '()*+, ./

012

2V 3uV � �wv`H� 23 kg/m2

c+� 344\: TSH, FT3, FT4:èÂÿx

-- 1.21C1.92 DIU/E, 3.22C0.65 pg/E,

1.44C0.23 ng/F/Q©, �wv`H� 23-

24.9 kg/m2� 270\x-- 1.34C1.79 DIU/

E, 3.23C0.50 pg/E, 1.43C0.23 ng/F/Q

��, �wv`H� 25 kg/m2/u� 297\

x -- 1.32C1.79 DIU/E, 3.24C0.53 pg/

E, 1.39C0.20 ng/F/Q . ÇV 3uV

��wv`H� 23 kg/m2c+� 366\:

TSH, FT3, FT4:èÂÿx-- 1.46C2.01

DIU/E, 3.01C0.52 pg/E, 1.29C0.22 ng/F

/Q©, �wv`H� 23-24.9 kg/m2� 186

\x-- 1.52C2.14 DIU/E, 3.15C0.54 pg/

E, 1.31C0.30 ng/F/Q��, �wv`H

� 25 kg/m2 /u� 128\x -- 1.55C

2.14 DIU/E, 3.19C0.56 pg/E, 1.27C0.22 ng/

F/Q �wv`H���´HÁ2V

¤FT4�À:¨ì��¨A© (p<0.01), Ç

V¤ FT3�À:¨ì��¨A  (p<0.01)

(Table 6). 

L"#MNNOPMQR#3SSS#TTUVWXYZ

[\I]

IMMULITE 2000 ¥¥ÉP)B��É

[z÷©ª¤2BX|�/ TSH¤ 0.40-

4.00 DIU/E, FT3¤ 1.80-4.20 pg/E, FT4¤

0.80-1.90 ng/F/Q . ¨`+, ø8XÜ

;�MN÷©ª¤2V¤ TSH 0.38-4.35

DIU/E, FT3 2.08-4.37 pg/E, FT4 0.98-1.86

ng/F, ÇV¤ TSH 0.35-6.42 DIU/E, FT3

2.00-4.16 pg/E, FT4 0.81-1.77 ng/F�É[

�� (Table 7), NÂzÅ�x7/`2~

�º 'óº ÷©ª Hõ/ IMMULITE

2000 ¥¥ÉPB��É[z÷©ªÕ¤

 ��/§7A .

*+

tuv�°±x TSH:V¶�:Ët

uv��|}û . Âu[u¨�-�¨H

�-tuv �µ �`¤ B��� /ïz

tuv 3B¤ �Å ��/¥ ¥a(feed-

back mechanism)µ!ËP;û . á·�

: FT3Õ FT4�¡�:ËTSHÕtuv�

°±: |}� P;�¤ Ì/ . tuv

�°±:¸Å/���z TSH:|}�

é �/ N�º©, tuv�°±/ ;¡

¨ì¸Å�zTSH |}�ßÉû  [17].

tuv¥¦ABÕ fg¨Ç ½�¡�

@x TSH+µv:AB�/Ú��Gz

 ¤7© [18,19]��`+tuv¥¦A

B�� Ì¡¡¢¨ìÂutuv¥

Table 5. Arithmetic mean of thyroid hormone according to iodine intake

Frequency of
iodine intake

Male Female

Subject TSH(DIU/E) FT3(pg/E) FT4(ng/F) Subject TSH(DIU/E) FT3(pg/E) FT4(ng/F)

Seldom
Once/week
2-3times/week
Once/day
Everyday
No Response

Total

145
514
218
24
6
4

911

1.32C1.88
1.23C1.84
1.39C1.88
1.16C1.57
1.60C1.49
1.95C0.52

1.28C1.84

3.25C0.55
3.22C0.53
3.19C0.66
3.44C0.58
3.41C0.48
3.74C0.21

3.23C0.57

1.38C0.21
1.44C0.23
1.40C0.20
1.44C0.21
1.47C0.23
1.45C0.13

1.42C0.22  

109
335
188
38
3
7

680

1.39C1.97
1.51C2.08
1.49C2.25
1.65C1.51
1.51C1.63
2.03C1.54

1.49C2.08

3.06C0.55
3.08C0.54
3.10C0.54
3.13C0.51
2.46C0.29
3.11C0.35

3.08C0.54

1.28C0.22
1.30C0.27
1.29C0.22
1.28C0.19
1.32C0.13
1.21C0.08

1.29C0.24

Values are meanCSD.

Table 6. Arithmetic mean of thyroid hormone according to BMI

BMI
Male Female

Subject TSH(DIU/E) FT3(pg/E) FT4(ng/F)* Subject TSH(DIU/E) FT3(pg/E)* FT4(ng/F)

{22.9
23  -  24.9
25 {

Total

344
270
297

911

1.21C1.92
1.34C1.79
1.32C1.79

1.28C1.84

3.22C0.65
3.23C0.50
3.24C0.53

3.23C0.57

1.44C0.23
1.43C0.23
1.39C0.20

1.42C0.22

366
186
128

680

1.46C2.01
1.52C2.14
1.55C2.14

1.49C2.08

3.01C0.52
3.15C0.54
3.19C0.56

3.08C0.54

1.29C0.22
1.31C0.30
1.27C0.22

1.29C0.24

Values are meanCSD, BMI: body mass index., * p<0.01 measured by oneway-ANOVA.

Table 7. Comparison of reference interval between the study results and recommendation of
IMMULITE 2000

Reference interval TSH(DIU/E) FT3(pg/E) FT4 (ng/F)

Recommendation of IMMULITE 2000*

Study result�

Male
Female

0.40 - 4.00

0.38 - 4.35
0.35 - 6.42

1.80 - 4.20

2.08 - 4.37
2.00 - 4.16

0.80 - 1.90

0.98 - 1.86
0.81 - 1.77

* Reference value recommended by  IMMULITE 2000 manufacturer.
�Reference value of the study result is ranged between Mean£2SD and Mean¤2SD.
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¦u+§X|Ë{¤AB¤� . Þz

TSH |}§ßÉ¨¤àÉ, áeâ�/

ãº¡ä½µåÇ¨©�¤6V��¤

·æTSHª�ßÉ�ç� FT3º FT4§¥

/èÂ¨Ç�:´ö³��  [6].

ÞzNí­��³Jã"¦x�h, _

�:hB�:ËÀ`��ô§;_, 3

b­� hif:  §Å: �/� �Ë

³Jã"¦/¨²û  [20]. M5�¥~

ÉP)B�©©¨¤tuv�°±:Â

u ÷©ª§ �ª �X ú@� N«­�

�­Ú¨¥7 ¤, ó:Çï�`³�

�µ ©Îz 8X� ¥íz ¬�s ¥õ

ª§ýþ¨ÇGÓÌ��¸-û  [8-

10].

Þz`�T`BÚ��­® TSH, FT3,

FT4: èÂ=î� =BzZèÂî

(radioimmunoassay, RIA)x èÂ ¨zª�

@©, }x �¡��¤ <½¡� }l�

tuv¥¦Ñ?�;Âu¥¦:�:�

Éz4/ �  [21]. ,7¤ U�¡:

TSH, FT3, FT4èÂ�½�zzZèÂî

/R¢��BÚ�©��, /8X��

¤`��R¢û«�zZèÂî:N�

� b4¢Y|òî(Enzyme-Amplified

Chemilumnescence)µ/Ú¨Ç8HÅ�

�:TSH, FT3, FT4§èÂ¨A .

/8X��3Xd,e`Z8HÅ�

µ3u��Xz TSH, FT3, FT4:÷©ª

¤ -- 0.36-5.26 DIU/E, 2.05-4.29 pg/E,

0.89-1.85 ng/F/Q . 

z.�: tuv�°± ÷©ª 8X�

�Lee � [22]x 10D/u: 317\µPB

3u��v:¨Ç TSH 0.39-3.68 mIU/ ,̄

FT4 0.9-1.7 ng/F§7©¨A��, Cho �

[21]x 4,708\µ3u�� TSH:÷©ª

§ 0.34-3.28 mIU/¯ ("# 1.25 mIU/ ,̄ ¿

õ$� 1.76)5¨A . Yi � [23]x 20-79

D: 8HÅ� 178\µ 3u�� TSH:

÷©ª§ 0.35-4.0 DU/E5¨A©, Oh [24]

¤Âu� 828\µ3u��¨Ç TSH:

÷©ª§ 0.3-3.0 mIU/¯�7©¨A . /

Õ¥/ TSH:÷©ª�3z8X¤N

�?®�Q�ºtuv�°±:¥¦u

+§ Âë¨ì Í¥ óË ö³z TSH,

FT3, FT4÷©ªa��3z.{8X¤

�:���, /c?®û8X:[4/

10ÇLa/5,7­Ú¨¥�¤Z¹�

� . 

TSH, FT3, FT4: ÷©ª§ Xz b.:

8X¤ Gonzalez-SagradoÕ Martin-Gil [12]

/e°�: 12-94D2V 151\, ÇV 153

\µ3u�� TSH, FT3, FT4:÷©ª§

-- 0.51-5.95 mIU/¯, 1.48-3.37 pg/E

(2.27-5.18 pmol/¯), 0.84-1.42 ng/F (10.77-

18.21 pmol/¯)� 7©¨A . Þ Taimela

� [11]x Auto DELFIA (Wallac, Finland)¥

¥§BÚ¨Ç TSH, FT3, FT4:÷©ª§

-- 0.6-4.3 mIU/ ,̄ 4.3-7.5 p±/ ,̄ 9.6-17.1

p±/¯�7©¨A . Hubl � [8]/7©z

8HÅ� 323\3u TSH, FT3, FT4:÷

©ª¤-- 0.17-4.23 mIU/ ,̄ FT3¤ 2.56-

6.36 p±/ ,̄ FT4¤ 11.24-26.86 p±/¯/Q

 . N�.{8XÜ;� [21-24];}5

¨z/8X:÷©ª'ó� �²ì

º»³¤¯ Ð /À¤  N 8X��¤

÷©ª'ó§ 95%'ó�ýÂ¨A`+

/8X��¤÷©ª'ó§"#C2¿

õ$�(95.4%)�/ÂzÌÔ3��¸-

��, --:8X�BÚû¥¥:|ò

=î:�/¡Þ N/À�¨ºNÌ

��¸-û . Þz/8X��¤Å:

� MN ÷©ª: �/� \ë¨ç� 2

B--:÷©ª§X|¨ÇÉ[¨A¤

¯2V: TSH, FT3, FT4:÷©ª¤--

0.38-4.35 DIU/E, 2.08-4.37 pg/E, 0.98-1.86

ng/F/Q©, ÇV: TSH, FT3, FT4:÷©

ª¤-- 0.35-6.42 DIU/E, 2.00-4.16 pg/E,

0.81-1.77 ng/F/Q . /Ìx Hollowell �

[25]:c.�µ3u��z TSH:÷©

ª8X��2V�}ËÇV: TSH ÷

©ª� @ ¤ Ü;Õ Nª¨  Ðïº,

Gonzalez-SagradoÕ Martin-Gil [12]:e°

��� >[z 8X�� 8H�: TSH,

FT4x2B��À:z�/§7A`+

FT3¤À:z�/§7/`2¤ ¤Ü

;Õ¤�/§7A . Þz Hubl � [8]:

8X��¤ TSH:÷©ª¤Å:�MN

�/¤���, FT3, FT4¤Å:�MN�

/� � © 7©¨Ç / 8X: Ü;Õ

�/��Q .

89µ 39Dc+, 40-49D, 50D/u:

DE��|�¨AµÔ2V¤ FT4��

89/��Ø�M5÷©ª¤����,

ÇV¤ FT3��89/��Ø�M5÷

©ª¤ ��¨A . Gonzalez-SagradoÕ

Martin-Gil [12]:8X��¤8HÅ��

� FT3+/89�MN�/§7A ©

7©¨A©, Hubl � [8]:8X��b�

6V 323\;t96V 49\µ}5zÜ

;b�6VÕt96V�� 503/a7

  503/*�� TSH� 20% ��¨A©,

FT3¤ 503/a/ 503/*7 é@ì

º»³��, FT4¤º/�MNNfÅ/

7/` 2~ © 7©´ . ¥µ: 8X

�� TSHº FT4Õ89;¤NÂzfg

Åµ7/`2©, àù:�� [26,27] ¶

x�� [28,29]§7/¤,u/f·�Q

�º, `nT`89:���MN FT4º

TSH:À:z�b¤�¤Ì��Ü¸µ

{¹©�  [30].

~;:÷©ª¤2B��FT3¤�µ/

@©, Ç?/}l~;:�/��Q�

�, ÇV��¤ TSH¤=>x@©, Ç?

x}l~;:�/§7A . Gancedo �

[31]:8X�� FT3¤|��!@© FT4

¤�µ��À:¨ì@ ©7©¨A©,

Reed [32]¤¹�¹eýr:�¼V3u

8X�� 41D /u�� TSH� =>�

30% ��zÌ��7©¨A©, Lingjaerde

� [33]:8X��¤÷©ª'ó{��

FT4¤Ç?�}Ë=>/@~��, TSH

¤~;�MN�/¤�Q . Leppaluoto

� [34]:8X��¤º»ãe�`=�

B¤8Hz2Å 20\µ3u��~;­

�/§}5zÜ; FT3¤ 2M�}Ë 8M

/@~��, TSH¤ Na�}Ë 12M

�� À:¨ì @ © 7©¨A . --

: 8X�x Nfû Ü;�µ É[¨`

¼´¤¯ Ð /À¤  §z º5: 8X

Ü;/ç� - º5: ¥* Ç8/  ?

���z�/5¸-û . ¨`+Çï

8XÜ;Õ/8XÜ;§!ËTSH, FT3,

FT4:~;:�/���µë�´H�

Q . /ïz�/¤Çï�`�/\´

H ��º, ~;: BMR(basal metabolic

rates):�/�#�µc�Ì/5©À¬

Ë½H�µÌ��¸-û  [30].



z.Å�:tuv�°±÷©ª 133

}+¡�MN÷©ª¤2V�� FT4¤

}+¡Õ�:uff~§7A��ÇV

�� FT3¤§:uff~§7A . Sari

� [35]:8X�� TSH¤�wv`H�

30 kg/m2�ÇÅ; 25 kg/m2c+�ÇÅµ

}5z Ü; }+ ÇÅ�� Âu ÇÅ�

}Ë TSH¤Âu'ó{��u¾´��

FT3, FT4¤ Âu'ó {�� U¨�Q 

©7©¨A��, Chomard � [36]:��

¡:}+�;Âu�:}58X��¤

FT4¤�/���� FT3¤}+�: 10%

Â¡+/À:¨ìU¨�Q ©7©Ë

/8XÕ¤uíûÜ;§7A . ø8

X: Ü;� 3z Âëz ¥ax /\´

H ��º ¥µ: 8X�� �¿` KL

(energy intake)� FT3, FT4�cª¤#�µ

©ÎË½H�À  [30].

Þz ³Jã KLv� M5 TSH, FT3,

FT4:÷©ª:�/¤�Q¤¯/¤t

uv ¥¦/ Âu� B���¤ ³Jã

KL u+� tuv ¥¦ Â¡§ "�´

H� ¤/a8XÜ;ÕNª¨¤Ü

;/  [37].

/8X:Éz4x8X3u/8H�

?Iü HAVA¥ Ô3� z.� 8H

Å�µ3¿¨¥�¤ �cÁ¨ ¤4

/ . ¨`+, ¥µ8X��¡�<A?

V�§/Ú¨Çz.�:ABª¥õµ

/Âz8X<��  [38]. Þz, �¦z

ÂuEµ3u��¨¥ó¨Ç·WAB

Ü;}ÂuEx3uV��Éb¨A�

º, Â�ä, Òa¡, {;­?·�£�x

©Î�`2~�ç�·WAB�º»º

`2¤ Nw6µ`×V�8X3u

� 0Ø�Qµ �¦Åµ ¡aÃ %É´

H¤ � . /ïz Éz4�¡ êX¨©

,7 tuv ¥¦: "� ¡X� BÚ�

©�¤ TSH, FT3, FT4�3zz.�:÷

©ª/Â�fz8X��:�¤,>

�� 1,500 Ç\:V�§/Ú¨Ç÷©

ª/Â:��V�§É[zÌx::

�� ©¸-z .

ø 8X: Ü;�� º»³Ä/ TSH,

FT3, FT4:÷©ª¤Å:, 89:, ~;:,

Ð¹© }+¡� M5 �/§ 7/ç�

Tu?���tuv¥¦ABª§Ëò

´Ô/§©Î¨Ç÷©ª§7¡Ëò

´ö³��µÌ��¸-û .
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