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FT4) in healthy Korean adults.
Methods :

Objectives : This study was conducted to determine the
reference interval of serum thyroid hormones (TSH, FTs,

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 18-85 years old;
911 were male, and 690 were female.

Results : The arithmetic means of TSH, FTs, and FT4
values for male subjects were 1.281+1.84 plU/mi, 3.23%
0.57 pg/m¢, and 1.421+0.22 ng/d¢, respectively. In female
subjects, the arithmetic means of TSH, FT3, and FT4
values were 1.49£2.08 ¢IU/n¢, 3.08 £0.54 pg/m(, and 1.29
10.24 ng/d¢, 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
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subjects differed significantly based on season. The
arithmetic mean of male FT4 decreased with increasing BMI

(p<0.01). The arithmetic mean of female FT3 increased with

Conclusions :

increasing BMI| (p<0.01). The reference intervals
recommended by the IMMULITE 2000 manufacturer are
0.40-4.00 xIU/m¢ for TSH, 1.80-4.20 pg/m¢ for FTs, and
0.80-1.90 ng/d{ for FT4 (same values for both genders).

There was a significant difference in the
interval of thyroid hormones between males and females,

but the reference interval of IMMULITE 2000 was not

adults.

established by gender. There is a need to reestablish the
reference interval for thyroid hormones in Korean healthy
J Prev Med Public Health 2008;41(2):128-134
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Table 1. General characteristics of subjects

No. (%)
Characteristic
Male Female Total
Age(Years)
<39 304 (334) 235(34.6) 539(339)
40 - 49 398 (43.7) 291(42.8) 689(43.3)
50 < 209(229) 154 (22.6) 363(22.8)
Residential Area
Daegu 674 (74.0) 528(77.6) 1,202 (75.5)
Gyeongbuk 237(26.0) 15224 389(24.5)
Marital Status
Married 847(93.0) 610(89.7) 1,457 (91.6)
Unmarried 51(5.6) 25(37) 76( 4.8)
Others 13( 14 45( 6.6) 58( 3.6)
Houschold Income(10,000won)
<100 30( 3.3) 74(10.9) 104( 6.5)
100 - 199 144(15.8) 129(19.0) 273(17.2)
200 - 299 274(30.1) 176 (25.9) 450(28.3)
300 < 442 (43.5) 226(33.2) 668 (42.0)
No Response 21( 23) 75(11.0) 96( 6.0)
Education
Elementary 23( 25) 50( 74) 73( 46)
Middle 44(48) 74 (10.9) 118( 74
High 256 (28.1) 273(40.1) 529(332)
College 477(524) 253(37.2) 730(459)
Graduate school 99(109) 19( 28) 118( 7.5)
No Response 12( 13) 11( 1.6) 23( 14)
Qccupation
Officials and Managers 376 (41.3) 47( 69) 423(26.6)
Technicians and associate professionals 229(25.1) 46( 6.8) 275(17.3)
Merchants 101 (11.1) 48( 7.1) 149( 94)
Craft workers 90( 99 17( 2.5) 107( 67)
Agriculture, Forestry and Fishery 29( 32) 9( 13) 38( 24)
Salesman 19(210) 23( 34) 42(26)
Houseworker - 453 (66.6) 453(28.5)
Others 53(59) 25037 78( 49)
No Response 14( 1.4) 12(1D 26( 1.6)
Total 911(573) 680(42.7) 1,591 (100.0)
T8, YAY, 715E, Tk {5 423, AXSYM 7|7|(ABBOTT, USA, 1996)Z A}
WA, kol B8 A1 28, A B $819.25), HBVE IMMULITE 2000 7))
dred e 5e #7273 08 745 (DPC,USA, 200208 AHE-31SI -
At AST (aspartate aminotransferase): 10-35

}OlLﬁoﬂ 7“} Alﬁ}aiv}
AT A5 S 7S Y
HhE B AFE oA %Xéo}M,L, zﬂé!'%}
A <+(body mas index, BMD)E AAFa}o] 23
kg/m' W) 9ES] 733} 23.0-24.9 ke/m' 9
AT, 25 kg/m'o| o] HITHrEOE
ATt

[¢]
e

Theiu7) 98 Wl sjatzial
% FBS, T-Chol, TG, AST, ALT, TP, ALB,
BUN, CRE, LDH, CPK, Amylase, C-RP+=
OLYMPUS -AU5400 7] 7](OLYMPUS,

JAPAN, 2000)E AF&3FSl 3L, HCVE

U/L, ALT (alanine aminotransferase)t= 0-40
U/L, TP (total protein)< 6.5-8.2 g/di, ALB
(albumin)< 3.5-5.0 g/d¢, LDH (lactate
dehydrogenase)v 150-550 U/L, CPK
(creatine kinase)= ‘& 57-374 UL, o3&}
35-230 U/L, Amylase 30-135I U/L,HBV
negative, HCV negative, BUN(blood urea
nitrogen)-> 8-30 mg/d¢ [14], CRE (creatinine)
< 0.6-1.5 mg/df, FBS (fasting blood sugar)+
70-139 mg/d? [16}, T-Chol (total cholesterol)->
120-299 mg/de [15], TG (triglyceride)v 38-
499 mg/d¢ [14], C-RP (C-reactive protein)<= 0-
049 mg/de [16], AFPE 0-399 ng/mé [14]2]
¢S AT R R

TSH, FT3, FTe= 4W S50 4%
ol g} hk3# A (Enzyme-Amplified
Chemilumnescence)= ©|-& % IMMULITE
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2000 7] 7](DPC, USA, 2002)Z A}§-&to] &
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WA 1,591% 5 wAR7E 9118(57.3%)
o]l 27} 680%8 (42.7%)°1 ATk A
W 2= 404947} 433% 2 71 oo,
394 o] 3} 33.9%, 504 |4+ 22.8%¢1%) 11,
AL )77} 75.5%, 735-0) 24.5%A T},
AE A= 7] 20] 91.6%, 1]Z0] 4.8%,
7|EHE 3.6%0191 o, THAASTEE
3009 9 o] AFo] 42.0%, 200-299%+ ¥ ]
28.3%0] e}, 38 & dabe thEo]
524%, A= 1E0] 40.1%F 7P B
o AL Eaks AFE - #ElH0] 413%
Ao AL - JlE - $440]
25.1%% th5ol AL, o3 aE 4 - 7L
FAAL66.6%2 71 ST (Table 1).
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Table 2. Arithmetic mean of thyroid hormone according to gender

Gender . Subject TSH(AU/mg)* FT3(pg/mé) FTa(ng/de)y
Male 911 128+1.84 3234057 1424022
Female 680 149+2.08 308+0.54 1294024
Total 1,591 137+195 3.17£056 137024
Values are mean +SD, * p<0.01 measured by t-test.
Table 3. Arithmetic mean of thyroid homone according to age
Age Male Female
(vear) Subject TSH(AUmE) FTapg/md)  Flang/de) Subject TSHUm®) FTipg/md)  Flang/de)
<39 304 131175 321+054 1454020 235 146%184  306+051 1294021
40-49 398 126184 3212052 1434023 291 1544208  302+056  129+028
50< 200 1284197 3294069  135+021 154 1454244 323+£050  1.30£020
Total 911 128184 323+057 1424022 680 149+208 3.08+054 1294024

Values are mean & SD, * p<0.01 measured by oneway-ANOVA.

2. dEo] M2 YT ERE s
B

A ¢S} TSH, FT3, FI48] 54 g
& TSH 1.37£1.95 U/, FT3 3.17£0.56
pe/ud, FT4 1372024 ng/deo) Gk, k)
TSH, FT3, FT48] S 2t 7471 1.28£1.84
AU/Mme, 3.23£0.57 pg/nt, 1.4220.22 ng/dl
0|9l 1, o122 TSH, FT3, FT48] 54 4k
27} 149208 U/, 3.08+0.54 pg/md,
1291024 ng/deo] 3lTh. TSHE EAjof| ]
3 o7k 23k A =T (p<0.01), FT3,
FT4 AR vl s @bzt oot =%
T} (p<0.01)(Table 2).

3. ¢ g PPHwEE9 L=
Tadt

HAHe] TSH, FT3, FTa8] 54 gh& 394
olatol| A= 22} 1.31£1.75 Uk, 321 £
0.54 pg/mé, 1451020 ng/de, 40494 A=
Z+7+ 1.26£1.84 U/md, 3.21£0.52 pg/n,
1.430.23 ng/de, 504 o] el A& Zhzt
1.28£1.97 fU/nt, 3292069 pg/mé, 1.35=
021 ng/deo] Ik, ©12}¢] TSH, FT3, FT49)

Table 4. Arithmetic mean of thyroid hormone according to season

. Male Female
€ason

Subject TSH(AU/m) FTspgml)  Flang/dy) Subject TSH(AUm)' FTapg/ml)'  Flang/dl)
Spring 192 125x172  325+052 1424022 143 149+193  3.11+049  130+023
Summer 376  127+182  3.17+058 143+023 234 138+203 298+£050 129031
Auumn 174 132x172 333+055 1444021 125 1424246 3234056 131020
Winter 169 131+£218 3224061 1394020 178 175+192  3.09+059 127+0.18
Total 911 128+184  3.23+057 1424022 680 149+208  3.08+£054 129024

Values are mean +SD, * p<0.05, t p<0.01 measured by oneway-ANOVA.

S 394 olstel A= 27} 146 %
1.84 fIU/me, 3.06 0,51 pg/mt, 1.290.21 ng/
dl, 4049A| 0 M= 22} 1.5422.08 U/,
3.0210.56 pg/mé, 1.2970.28 ng/de, S04 ©]
Ao M= ZH7t 1451244 plUme, 323+
0.50 pg/md, 1.30£0.20 ng/deo] AT}, A o]
F7V3hel| wret Al Frazt 28 7
23k (p<0.01), S A= FT37} -4 1A
78kt (p<0.01)(Table 3).

4, AEE e == Mageat

Ak A F Bl AAabet 1924 9
TSH, FT3, FT4 A gh& 224 1251172 ¢
IU/mé, 3.2520.52 pg/mé, 1427022 ng/de,
o Eof ZAFe 3769 247} 1271182 1
IU/md, 3.170.58 pg/md, 143%0.23 ng/de,
7}&o] AAVS 1749 22 1324172
IU/md, 3.33£0.55 pg/md, 1.44£0.21 ng/de,
Ago] AR 16972 77} 1314218 ¢
TU/md, 322061 pg/né, 1392020 ng/dLo]
Ak oA} AL F ol AR 1437 9
TSH, FT3, FT42] 743k 742 1491193
AU/l 3.111049 pg/mé, 1.30=0.23 ng/dl,
of ol AANSE 2347 2 22} 1384203 ¢
IU/md, 2.98£0.50 pg/md, 1.2910.31 ng/de,
7hEol AR 12572 77} 1421246 1
U/, 3.23£0.56 pg/md, 1.31£0.20 ng/de,
AL AAFeE 17852 242 1751192
IU/me, 3.0920.59 pg/mé, 1.27=0.18 ng/d{o]
ik Aol wheh dab= FIovk 7kl
3 g wol F2 % Aol 7} e
(p<0.05), I A= TSH7H Aol 31 0 2]



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

Frequency of Male Female
iodine intake  Subject TSH(AU/mE) FTapg/m) FTang/dl) Subject TSH(AUmE) FTapgmt) Fluing/dd)
Seldom 145 132+188 3254055 138=x021 109 139+197 306+055 128+022
Once/week 514 123+184 3224053 144+023 335 1.51+208 308+054 1.30:+027
2-3times/weck 218 139188 3.19x066 140+020 188 149+225 310x054 129+022
Once/day 24 1.16+157 344058 1444021 38 165+151 313+051 128+0.19
Everyday 6 160+149 341+048 1474023 3 151+163 2464029 1324013
No Response 4 195+052 374+021 1454013 7 203+134  311+035 121+008
Total 911 128%+184 323+057 1424022 680 149+208 308054 129+024
Values are mean = SD.
Table 6. Arithmetic mean of thyroid hormone according to BMI
Male Female
BMI - -
Subject TSH(AU/m{) FTs(pg/mé)  FTung/de) Subject TSH(AU/m¢) Fhipg/mé)  Flang/dd)
<229 34 1204192 3223065 143023 366 146:201 3013052 1294022
2B-249 20 134+179 3231050 143+023 186 152214 315054 131+030
8= 297 132179 3244053 1.39+0.20 128 155214 3.19+0.356 127022
Total 911 128+1.84 323057 142+022 680 149+208 3.08+054 1.29+024

Values are mean + SD, 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(AU/m#) FT3(pg/mf) FT4(ng/d¢)
Recommendation of IMMULITE 2000° 0.40-4.00 1.80-4.20 0.80-1.90
Study result*
Male 0.38-4.35 208-437 098-1.86
Female 0.35-642 200-4.16 081-1.77

Reference value recommended by IMMULITE 2000 manufacturer.
* Reference value of the study result is ranged between Mean — 25D and Mean + 2SD.

S OH (pO0D), FI3= 7heol 1

1%

S’ A5k 0] 313051 pe/nlE

o vheb 9 ol 7} 9l
(Table 4).

(p<0.01)

T ER

5. 29C M3 W2 Y
o UgBIU
3} At TSH‘—' R KR

o 22T E AH s 7ol 1.60£149 ¢

IUME 7H3 =9k, "sbFof ol A3
df= 0] 1161157 dUmME 718 #3F

th FI3x= opfel 8 A3 ot o]

3447058 pgml 2 7HY ESH, U

of 233" AZ 8= 7o) 3.19+0.66 pg/ml

Z 71 Stk Flues ol o 7]y wiet

A#HE T0] 1472023 ng/de 2.2 714

EkoH, AL B2 GFE o S T

o] 1382021 ng/d(E 7} ot} of x}

o/dAke] TSH= ‘shgefl $h” AdF sk

0] 1651151 AUME 7} =%,
ALY YA kg o] FES o] 1.39%

197 lUmE 2 7H3 Wbtk FIs= ‘6o

g Esken, i w7y v A4

8h= 0] 2.461L0.29 pe/mlE 7HE okt
FIs v w71y whet A3 sk 2o
1327013 ng/dt 2 7H8 ko, ‘A
H2] o5 o Sget 7o 1.28i0.22 ng/
diZ 71 it 2 9 & A4 3o u

BN 2R AeYAHE 20T
AH A7t BETE g ZFdA o
AR Zolr= AL Bygo} 493
Zfo] 3= oF AT} (Table 5).

}x]. =0} 0

6. HIZEO| mE 2%

B

BT ER Ak

g4 A 5 AL FAF7F 23 kg/me?
n|wkel 344 9] TSH, FT3, FIu9) Z43H&
247} 1.2111.92 pIU/md, 3.22£0.65 pg/mi,
1441023 ng/deo] 1, A AR 7} 23-
249 kg/m? Q1 27078 742} 1.34£1.79 U/
md, 3.23£0.50 pg/mf, 1.43£0.23 ng/dfo] S}
o, A AZFA 57} 25 kg 01321 2973

B Agole gadEeE g1y 131
& 747} 1324179 UM, 3.24%£0.53 pg/
mf, 1.3970.20 ng/deo] Atk o & ti g
F AAZFA 7} 23 kgfm? w9 36679
TSH, FT3, FT48] S 442 747t 1.46 22,01
AUMmL, 3.0110.52 pg/mé, 1.2910.22 ng/dd

0|9l 1, AAFEAFT} 23-249 kg2l 186
.2 77} 1524214 plUMd, 3.15+0.54 pg/
mf, 1312030 ng/deo] 0w, M A2z 4
7} 25 kg/m? o] 491 1287 & 7}7} 1.5+
2.14 llU/m¢, 3.1920.56 pg/mé, 1.27+0.22 ng/
deol Atk AAFA 57 S E B

EFIw/} 981 24313 1 (p<0.01), 4
A= FTy7h 91500 2743431k (p<001)
(Table 6).

7. IMMULITE 2000 7171
oF XA(Z} H|n

IMMULITE 2000 717] #| 23] Aol A =]
Al F3 A= H T glo] TSHE 040-
4.00 AIU/Mme, FT33= 1.80-4.20 pg/mi, FTa=
0.80-1.90 ng/deo]gie}. sHAIgh & A 4
ol wE A= gAH= TSH 038435
(IU/md, FT3 2.08-4.37 pe/nd, FT4 0.98-1.86
ng/dl, o} A= TSH 0.35-6.42 pIU/ml, FT3
2.00-4.16 pg/md, FT4 0.81-1.77 ng/dLZ. A A]
5]01 (Table 7), & o] 14 s H o EOW o}ol
o Wy #u x| $%0] IMMULITE
2000 7171 HINMW xﬂ A& x| o=
O 2pol £ B itk

K|

%

T2 2 TSHY AH=2o) osf 3
el e Eeh G A e H sk

-4 &5 7HA = ARl A o] 2§t
A dakeE 24 FHEol7] 7] - (feed-
back mechanism)S £3l) FAHt £ 4%
] FT39} FTag S0 o3 TSHY 7473413
2E] #u7F 2AHE Aol 34
T2EY Aol o5 TSHY #4)7}
U o] Yojuty, T2 o] it
A A2 = TSH 5-0]7F A A D et [17),

#4754 BEE] N Rt
=2 TSHYHS A8 ZAALR o] §-Hofo} &t
Uhe= B [18,1917F AR 475 2
AbF o= AT $EetA 43 1T
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& g FENUle AAke gt w3t
TSH 8] & AAst= oFAl, & AHZEO]
=y el s Folotal Qe BAfelA =
8% TSHA7} A H B2 FIsU FIu g 2
o] ZA5te] 7 st F 97} 9l Th6].
Loz 90T HYL FA, B
1ALl Sl A5 Bk &, &
NG T 9 Aol Q18
Heo] A5} 20]. wbA 714
7} Bashs AT EEY
DEQAT Ade] dEHO
4317 B, 919 oy 74 29
S Al 7Nkt M2 7]
Agstojol & Ao g AZHEL 8-

l‘ﬁ

24 ko ok olr
w PN Foox 1o
M%lﬂ o
B >
i

2ot KU oo

(TSN

10].

£t #H27A) A o] $hd TSH, FT3,
FT49] 49 YA d o &4y
(radioimmunoassay, RIA)S- Z4 &}8+2] 7}
=1, 92 FEAA T AR} oA
3 71 eFATH 3 7159 e
Agdel oo 21]. EAE Ase
TSH, FT3, FTs £ o] 717}3t o &7
of /jrs]o] ALE-5 11 glo], o] §1F-el| A
£ Z o] e gAawdEAN e A%
ol g}stut4 8 M ¥ (Enzyme-Amplified
Chemilumnescence)& ©]-&3fo] A7+ 4ol
=9 TSH,FI3, FTI4& 54315l th

o] AroA T - AEAG A% 44

AFo & -3 TSH, FT3, FT42} 2114
Z+7} 036-5.26 U/t 2.05-4.29 pg/ud,
89-1.85 ng/d¢0] A
gr2olo) M T 2R F x| o]
A Lee 5 [2212 104] 0]/ 3178-& ZA}
glAho 2 M sted TSH 0.39-3.68 mIU/ £,
FT4 09-1.7 ngddE B.1agom, Cho 5
2112 4,708 thAro 2 TSHY| Za13]
2034328 mlU/ ¢ (B 125 mlU/{, &
ZAz} 176)2} 3 Yi 5 23] 20-79
419 773241 1785 & t)’F 2 Z TSHY
A WA 03540 fUmeek 549331, Oh [24]
Aol 82808 tha o 2 3ol TSHY
X2 03-3.0mlU/ L 2 2.7 35Tt o]
to] TSH| #Hax|of et At 4
Qo gz R 755 A

gatA &7 dall Z 23 TSH,

3, FTa 03] AAo] sk 3 d7-=

rir o

<o

—

p

>
Eabl

rlr o

,4
Elo?ti

£ -z fo oy
NN
o,

3

BAF -

SEE

A9 glow, oju] APH A9 A o]
100 d Aol #A] 2 8317 &= F-2)71
Atk

TSH, FT3, FT49] #3125 -3t 9579
7= Gonzalez-Sagrado2} Martin-Gil [12)
o] AH|919) 12-944] FA} 1517, 932} 153
S A0 & TSH, FI3, FI49 F1A S
7y} 0.51-5.95 mIU/ £, 1.48-3.37 pg/nl
(2.27-5.18 pmol/ £ ), 0.84-1.42 ng/d!, (10.77-
1821 pmol/ £)Z B 13} t}. = Taimela
= [11]2 Auto DELFIA (Wallac, Finland)|
71 AFg-sto] TSH, FT3, FT19) F14 &
2}2} 0643 mIU/ £, 43-7.5 puol/ €, 9.6-17.1
puo/ ¢ & B 1311t} Hubl 5 [8]0] ¥.123
A74 91 3239 oAt TSH, FT3, FT49] 3
1X= 22} 0.17-423 mlU/ £, FT3%E 2.56-
6.36 pudl/ £, FT4%= 11.24-26.86 pucl/ £ 0]
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so, Z47ke] Ao AHEE 71719 24
2P Q) o] & 1 ThE o] F stk A
0% AZH T8 o] AFoAE A
of W& x| 2 tol7} WS ERE
Y 2+zke] FaxE F-2ato] A
o} 'F219] TSH, FT3, FIu9) a2+
0.38-4.35 AU/, 2.08-437 pg/nt, 0.98-1.86
ng/dlo| 1 1, 3 A+2] TSH, FT3, FT49) 11
X 242} 035-642 U/, 2.00-4.16 pg/nd,
0.81-1.77 ng/dee] %t} 0] 32 Hollowell
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A 3239 7} ] A 8A} 499 S W w3t A
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