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Reference Interval of Serum Thyroid Hormones in Healthy Korean Adults
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Department of Health, Graduate School of Environment & Public Health Studies, Yeungnam University, Department of Preventive
Medicine & Public Health, College of Medicine, Yeungnam University”,
Department of Laboratory Medicine, College of Medicine, Yeungnam University”

Objectives : This study was conducted to determine the
reference interval of serum thyroid hormones (TSH, FTs,
FTa4) 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, FTs, and FT4
values for male subjects were 1.28+1.84 JU/ml, 3.23=%
0.57 pg/ml, and 1.42+0.22 ng/dl, respectively. In female
subjects, the arithmetic means of TSH, FT3, and FT4
values were 1.49+2.08 /U/m¢, 3.08£0.54 pg/m¢, and 1.29
+0.24 ng/dl, 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 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
increasing BMI (p<0.01). The reference intervals
recommended by the IMMULITE 2000 manufacturer are
0.40-4.00 AU/m¢ for TSH, 1.80-4.20 pg/m¢ for FT3, and
0.80-1.90 ng/d¢ 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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Table 1. General characteristics of subjects

No. (%)
Characteristic
Male Female Total
Age(Years)
<39 304 (334) 235(34.6) 539(33.9)
40 - 49 398 (43.7) 291 (42.8) 689 (43.3)
50 < 209 (22.9) 154 (22.6) 363(22.8)
Residential Area
Daegu 674 (74.0) 528(77.6) 1,202(75.5)
Gyeongbuk 237(26.0) 152(224) 389(24.5)
Marital Status
Married 847 (93.0) 610(89.7) 1457(916)
Unmarried 51( 5.6) 25(37) 76( 4.8)
Others 13( 14) 45( 6.6) 38( 3.6)
Household Income(10,000won)
<100 30( 33) 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 (48.5) 226(33.2) 668 (42.0)
No Response 21( 23) 75(11.0) 96 ( 6.0)
Education
Elementary 23( 25) 50( 74) 73 ( 4.6)
Middle 4(498) 74(10.9) 118( 74)
High 256 (28.1) 273 (40.1) 529(33.2)
College 477(52.4) 253(37.2) 730(45.9)
Graduate school 99(109) 19( 2.8) 118( 7.5)
No Response 12( 1.3) 11( L6) 23( 14)
Occupation
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(17.1) 149( 94)
Craft workers 90(99) 17( 2.5) 107( 6.7)
Agriculture, Forestry and Fishery 29(32) 9( 13) 38(24)
Salesman 19(21) 23( 34) 42(26)
Houseworker - 453 (66.6) 453(28.5)
Others 53(59) 25(37) 78( 49)
No Response 14( 14) 12( 1.7) 26( 1.6)
Total 911(57.3) 680 (42.7) 1,591 (100.0)
w3, B, 715, Foke 5 43, AXSYM 7]|7|(ABBOTT, USA, 1996)F At
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BUN, CRE, LDH, CPK, Amylase, C-RP+=
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JAPAN, 2000)Z A}€3F9 1, HCVE

o

U/L, ALT (alanine aminotransferase)= 0-40
U/L, TP (total protein)<- 6.5-8.2 g/dl, ALB
(albumin)< 3.5-5.0 g/d{, LDH (lactate
dehydrogenase)= 150-550 U/L, CPK
(creatine kinase)© YA} 57-374 U/L, o A}
35-230 U/L, Amylase+= 30-1351 U/L,HBV
negative, HCV negative, BUN(blood urea
nitrogen)-> 8-30 mg/d{, [14], CRE (creatinine)
2 0.6-1.5 mg/d(, FBS (fasting blood sugar)=
70-139 mg/d{, [16], T-Chol (total cholesterol)>
120-299 mg/dl [15], TG (triglyceride)i= 38-
499 mg/dl [14], C-RP (C-reactive protein)+= 0-
0.49 mg/de [16], AFP= 0-399 ng/m{ [14]2]
A48 AT R BRI

TSH, FT3, FTu= G4H95dW 9] dF
Ql s}tk 1A ¥ (Enzyme-Amplified
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0|93 03247} 6808 (42.7%)°| i Th. A H
W 2= 404947} 433% % 71 Bgko.

394 ©]&} 33.9%, 504 |4+ 22.8%0°] % L,
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AZ AE = 710] 91.6%, 10| 4.8%,
718z 3.6%0181oH, THAASFES
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Table 2. Arithmetic mean of thyroid hormone according to gender

Gender Subject TSH( AU/m{) FT3(pg/mt) FT4(ng/d0)
Male 911 1.28+1.84 3234057 142+022
Female 630 149+2.08 3.08+0.54 129+024
Total 1,591 1.37+1.95 3.17+0.56 1.37+024
Values are mean +SD, * p<0.01 measured by t-test.
Table 3. Arithmetic mean of thyroid hormone according to age
Age Male Female
(e Subject TSH(MUI() ~FTx(pgn) ~ FTalng/d) Subject TSH(AUMmD) ~FTs(pgnt)  FTatngldo)
<39 34 131+175 3214054  145+£020 235 146+18  306+£051  129+021
40-49 398 126+184 3214052  143+023 291 1544208  3.02+056  1.29+028
50 < 209 1284197 3294069  135+021 154 1454244 3234050  1.30+020
Total 911 128+184  323+057 1424022 680 1494208  308+054  129+024
Values are mean +SD, * p<0.01 measured by oneway-ANOVA.
2. 920 [ME LYMYERO &Em UL 394 olstell A= 42t 146+
W7 1.84 AU/me, 3.060.51 pg/ml, 129021 ng/

AA o2d21e] TSH, FT3, FT49] 27 4t
© TSH 1.37+1.95 AU/, FT3 3.170.56
pe/ml, FT4 1371024 ng/dio] 91T}, Wate]
TSH, FT3, FT49] 24712 717} 128+ 1.84
AU/, 3234057 pg/nl, 142+0.22 ng/dl
o], oI A+S] TSH, FT3, FT48] 7 gk
77} 1.49£2.08 AU/, 3.08+0.54 pg/nl,
1291024 ng/d¢0] It} TSHE= Hatel] 1)
3l 27} 2] 8kl =34l (p<0.01), FT3,
FLui= ol #tel] wlal] F2p7h f-28hA =9k
t} (p<0.01)(Table 2).

3. 910 ME &
Bad

B2+ TSH, FT3, FT48] S 4k 394
o|ato| A= 72} 1.31+1.75 AU, 321+
0.54 pg/ml, 1.45+0.20 ng/d(, 40-494]) o] A =
Z+7} 1.26+1.84 AU/, 3.2170.52 pg/ml,
1.43£0.23 ng/dl, S04 o] Aol A= 72}
128197 AU, 3.29£0.69 pg/nl, 135+
021 ng/deo)glT}. ©372ke] TSH, FT3, FT49)
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Table 4. Arithmetic mean of thyroid hormone according to season

Male Female

Season - - -

Subject TSH(AUm() FT3(pg/m)  FTa(ng/dl) Subject TSH(AUm()" FT3(pgme)"  FTa(ng/dl)
Spring 192 125+172  325+052 142+022 143 149+193  3.11+049 130023
Summer 376  127+182  3.17+0.58 1434023 234 138+£203  298+050  1.29+031
Autumn 174 132172 333+055 144+021 125 1424246  323+056 1314020
Winter 169 131+£218 3224061 139+020 178 175£192  3.09+059 127+0.18
Total 911  128+1.84  323+057 142+022 680  149+208  3.08+054  129+024

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

dl, 40494 ol A= 7+ 1.54£2.08 AU/,
3.02+0.56 pe/mt, 1291028 ng/de, 504 ]
Ao M= Z}2} 1454244 [AU/MI, 323+
0.50 pe/mé, 1.300.20 ng/deo] 2T} o]
7kl whet WAk Frazt 128k A 7t
A3 (p<001), 012K FT37} 21317
=718kt (p<0.01)(Table 3).

G2 2L 5 el AR 1927 9
TSH, FT3, FT4 24 3+-& 242F 1251172 1
IU/mf, 3.25£0.52 pg/m(% 1.42£0.22 ng/dl,
o Zof ZAAFE 376" 217} 1271182 4
1U/ml, 3.17£0.58 pg/m, 1.43£0.23 ng/d(,
TFSel AAeE 1749 242 1324172 o
1U/ml, 3.33+0.55 pg/md, 1441021 ng/de,
ALl AASE 16998 7H2F 1311218 1
1U/m(, 322061 pg/md, 1.39£0.20 ng/d(©]
Atk o2k t At 5 ol AALet 1439
TSH, FT3, FT4¢] 24715 7H7} 149+1.93
AU/, 311049 pg/mt, 1.30£0.23 ng/dl,
o} Sof| ZIAbet 2347 2 7H7} 13842.03 1
1U/ml, 2.98+0.50 pg/md, 1291031 ng/de,
TFeo AAFeE 1259 72t 1424246 1
U/, 3.23£0.56 pg/ml, 1.310.20 ng/dL,
A& AAFeE 1789 2+ 1755192 4
U/, 3.09£0.59 pg/md, 1.27£0.18 ng/d(o]
ATk Aol whet @Ak FIsvk 7heol &
I 5o wol o3k Aol 7k glloH
(p<0.05), A 2= TSH7} A& 331 o] 5o



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

Frequency of Male Female
iodine intake  Subject TSH(AU/m) FT3(pg/mf) FTang/df) Subject TSH(AUmi) FT3(pg/ml) FTang/do)
Seldom 145  132+188 325+055 138+021 109 139+197 3.06+055 128+022
Once/week 514 123+184 3224053 144+023 335 151+208 3.08+054 130+027
2-3times/week 218 139+188  3.19+066 140+020 188 149+225 3.10+054 1294022
Once/day 24 116+157 3444058 144+021 38 165+151 313+051  1.28+0.19
Everyday 6 160+149 3414048 147+023 3 151+163 246+029 1.32+0.13
No Response 4 195+052 374+021 145+0.13 7 203+154 311+£035 121+0.08
Total o1l 128+184 323+057 142+022 680 149+208 3.08+054 129+024
Values are mean +SD.
Table 6. Arithmetic mean of thyroid hormone according to BMI
Male Female
Subject TSH(AU/m¢) ~ FT3(pg/m) ~ FTa(ng/df) Subject TSH(AUMm() FTspgml)  Flang/dl)
<229 344 121+192 3224065 144+023 366 146+201  3.01+052 129+022
23-249 270  134+179  323+050 143+023 186  152+214  3.15+054  1.31+030
< 297 132179  324+053 139+020 128  155+214  3.19+056  127+022
Total 911  128+18  323+057 142+022 680 149+208  3.08+054  129+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/ml) FT4(ng/d()
Recommendation of IMMULITE 2000 040-4.00 1.80-4.20 0.80-1.90
Study result*

Male 0.38-4.35 2.08-437 098 -1.86
Female 0.35-642 200-4.16 0.81-1.77

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

Skkom (peO0l), FT3i 7kl 3L o
of wkob o) gt zko] 7} Q15T (p<0.01)

s’ A28l 20 3.1310.51 py/nl
Hg wgton, L s el 4

(Table 4). BH= 740] 2461029 pg/ml = 7H vkrTt
Flu= ‘wfd w7 wpe} A F 8k a0
5. 02': MAO|| [ME LYMIEZ 1324013 ng/dlE 714 =9koH, A2
O| M=t WA Ok o SHE o] 1.28i0.22 ng/
G2t gAY TSHE ‘wjY w7y w} dZ 7P WUt 9T A 314 w}
) = 1=l E AN SER AT IS 29
of Q0T E MFHFE o] 160149 4
B o = %‘a‘ %011*%141
U= 718 =901, sk shi A3
AR ZolA & TS Bo ot

3= 7o) 116+1.57 AUMLE 74 ko)
ok FTs ‘8F5of b’ AdF 8k ol
3441058 pyml E 7H =9k, ‘AFY
of 233" AH 3= o] 3.1910.66 py/m
Z 71 Sk FTeis ol wlj 7]y v}
AFH e 7o) 1471023 ng/dl 0.z 713
ko, AL HA| Gk o SHE T
o] 1381021 ng/di= 7174 wtokrh. oz}
3 7ke] TSH ‘el g’ A3 ebe
0] 1651151 AUmLE 714 =9ko.
A9 HA 5ol S o] 139+
1.97 WUmlE 7H3 skokth FIse 5159

AFo]i= oFH Gl T} (Table 5).
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Bad

B A & AAFATF7E 23 kg/m?

uqkol 344vH O] TSH, FT3, FT49] &4 712
7474 1214192 AU/, 3.22%0.65 pg/nd,
1441023 ng/dfo] A 11, A AHA 7} 23-
249 kg/n 91 270 & Z+2} 1.34£1.79 AU/
md, 3.23£0.50 pg/ml, 1.43£0.23 ng/d0o] 1
O, A A EFA] 47} 25 ke/m? 0]/g91 2977

o 77} 1324179 AU/, 3.24+0.53 pg/

1.39£0.20 ng/deo] Tk o=} thAA
& AAFA 723 kg ] REQ1 36678 <)
TSH, FT3, FT49] 24712 217} 146 12,01
AUMme, 3.01£0.52 pg/ml, 1.2910.22 ng/df
0] 9} 1, A AR 57} 23249 ke/m<) 186
.o 77} 1524214 AU, 3151054 pg/
ml, 1311030 ng/dle] 1 0.H, A &g 4
7} 25 kg/m? 0] A9l 12872 77} 1.5+
2.14 AU, 3191056 pg/nl, 1.270.22 ng/
deol ATk AAFA 7} SHEFE daf
£ FT97} 9131 8912 (p<00D), o]
A= 37k el S 7kskltt (p<0.01)
(Table 6).

7. IMMULITE 2000 717 &0 X|F AL
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IMMULITE 2000 7]7] A 23| Ak 4] A
Alek F 1A= He FHEglo] TSHE 040-
400 AU/ml, FT3%= 1.80-4.20 pg/ml, FT4=
0.80-1.90 ng/deo|QiTt. sHARE &+ A+ 2
hof whE F312] = A= TSH 0.384.35
AU/, FT3 2.08-4.37 pg/nl, FT4 0.98-1.86
ng/dl, oA} TSH 0.35-6.42 AU/ml, FT3
2.00-4.16 pg/ml, FT4 0.81-1.77 ng/dl 2 #]A]
|07 (Table 7), A7 3t A g Wo|A] kot
oy Moy Fu A 4250] IMMULITE
2000 717] A FALAA A|A 8 2HaA| op=
T zfo] & B itk

=

AP 5 2 20 TSHO| #p=+o] 9J3) 7+
3 °ﬂ A 0] T A A - B
A4 F& 7%1 *}%ﬂ*ﬁ e
W b= Hol7] 7] 4 (feed-
back mechanism) Zi’f—i Hot = g%
O] FT39} s 20l o3 TSHe} 334 %
2R EH7F 248 s = Aotk 1A
T2 /o] ol 5 TSHY #H| 7}
O Wol| Yojupx, AT 2 o] FE
37 A4 =)@ TSH 0] 7} A = TH17).
A7) s A s} F- st U R}
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U B [18,1917F IA|RE 1715 A
A5 o= AT e A4 AT
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EESE #7HA) AHg-Hof Skl TSH, FT3,
FTuo) 543 At e 54y
(radioimmunoassay, RIA)S =4 3}atA] 7}
FI, W FRo A e AR} vhobA
QQ}@ 7]% 3} 5—‘7], ;HAL 7]hg 71—tﬂoﬂ
AlgAdol vt 21]. A= As R
TSH, FT3, FT4 Z7 of] W17Het Wl Sw
o] 7iEE o] AREH aL glo], of 1ol A]
= FH o e gAY O A%
Ql 3} 83 A W (Enzyme-Amplified
Chemilumnescence)& ©]-&afo] A7 AJol

S TSH, FT3, FT4E =735t}

ol el o7 A5 2% 42l
& Ao & -8 TSH, FT3, FTu9] #1313
= 77} 036-5.26 AU/, 2.05-4.29 pe/nl,
0.89-185 ng/d(©] I T},

#3909 PPATEE B34 A0l
A Lee 5 [22]2 104 ©]79] 317 & ZA}
tiyo.2 A ate] TSH 0.39-3.68 mIU/ £,
FT4 09-1.7 ng/d0 S B.113}9.0.1, Cho &
[21] 470872 thA O 2 TSHE| #11%]
5034328 mlU/ 0 (35 125 mIU/ 4, 3%
ZFAA} 1.76)2}F 3Tk Yi 5 231 20-79
A9 A7 1787 & tlAd 2.2 TSHY
A1 Z 03540 ;U/mﬂa} 519111, Oh [24]
= AAkel 82812 At O 7 slo] TSHY
a&zx}% 033.0mIU/ { % 1.3 33t} o]
s} o] TSHE] Aol ) At o
2 AREs o PHABREY 75 4
HE deatA 4] 918 d Q3 TSH,
FT3, FTu 2312 A of] gt =) A=

EE

719 glom, o] AFH A2 /‘Wol
100 d Hoj2} A 48 3}7]
Sitk
TSH, FT3, FT49] 135 73k 959
917++= Gonzalez-Sagrado2} Martin-Gil [12]
0] }\jﬂolﬂ 12:94A4] 2} 1519, o] 2} 153
S At 2 TSH, FT3, FT49) 1A=
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