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Objective: We conducted a study to investigate the normal range for TSH and within-individual variations of TSH
according to temperature and aging.

Patients and Methods: \We enrolled patients who underwent periodic medical examinations five times over a
six year period (2007.8~2013.6). Anthropometric data and thyroid ultrasonography were evaluated, and serum
TSH, T3, and T4 were assayed.

Results: Subjects were 19-64 years old, 120 were female, and 208 were male. Reference ranges for TSH were
0.53-4.94 mlU/L in the first test, 0.49-5.61 mIU/L in the second test, 0.46-6.06 mIU/L in the third test, 0.48-5.99
mlU/L in the fourth test, and 0.52-6.3 mIU/L in the fifth test. When the TSH level was analyzed according to tem-
perature and sex, mean TSH was higher in months in which the average monthly temperatures were below 10°C
in Jinju, Gyeongnam and female. The aging and low temperatures are associated with increased serum TSH con-
centrations in the within-individual.

Conclusions: This study showed that aging is associated with increased serum TSH concentrations in the within-
individual and serum TSH concentrations are different in the within-individual according to the temperature.

Key Words: Reference range for TSH, TSH, Variation of TSH

AR 7] 5012 A o & Eotal A AT 7 S A= 2 Q3F 93RS sh) 12 ZhA 2= 5 2 2 (Thyroid
3 7F wol I 7 | s XIS A 7 | s A 5= Stimulating Hormone, TSH) 5=+ -5-2] €] 54l (free thy—
710 xIkstal X = &g 4 Fsh=t) I3 71 roxine)¥} & 2 1 AFHIA S Ko, = AT 2 H O]

Corresponding Author : Jong Ryeal Hahm, Department of Internal Medicine, Gyeongsang Received :  August 20, 2013
National University School of Medicine, 79, Gangnam-ro, Jinju, 660-702, Korea Revised :  January 22,2014
TEL: +82-55-750-8736 FAX: +82-55-758-9122 E-mail: jrhahm@gnu.ac.kr Accepted : February 13,2014

125



Kosin Medical Journal 2014;29:125-134

AE)A WSEE U]} = 7P ol slaL S0l ]k A 3E0]
oh? TSHAEA W91 S 0] Ut Sol ot @A
3 NS A 30] 10 mIU/LOA 4.5 mIU/LO.2 Yo
A} 45 TSH A Al W 9= AN Asho] gl o)L A the:
WO R B TSHO| EEA 20) 08 st Wl gho R
Aokl 7} Tigt =& o]

Q8 Foleh 87 2.0 A sk, AT ek 4
AL AR R A} ¢, el
3 g ghe) 72 Ei o] glou], A 7ol

ko 2L QFE’ Hado] Q= n]Lels EH/},I'QEI‘?__]' A+

] 3]_‘:.13] ‘“TSH A /\P;(] =

o2 ox ook
ofr ;:

o
il

=2
Gl
;‘ﬁ
o~ oX
3 ox
ok
Ei
o
O
S
)
~
%
17
i.;
g
_EL
L.l
i)

QAL 1) 849 A
A = 7Fs7d, Z1e|al TSH =7}
2, %25~ mIU/LE] B A vTh 1 0 2 9]
)R SE 324 oS W o] 5 20031 American As—
sociation of Clinical Endocrinologists (AACE)o{| 4] TSH A}
WI9180.8~8,0 mIU/LO 2 E5lobgitka Axakgich 1
2L, TSH A4 48RS 5.0 mIU/LoflA] 3,0 mIU/LO.2
71 3P 5 A 8l 0] 17) A7) 59004 20% = 5]
LFeA] o] S0] 22| ko]t 2| o) o mu] Ao Z71at
Tam om} 7 3 TSH 7} 3~5 mIU/Lt”-Hoﬂ U= A=
sk

)T A
E lfog
%
14
”
N
an
o
ke
O
ok
_hl

il rlo

TSH 4 8 910] that te3to] Al ol 84 TSH

317} kRt 1ol oJ3) RS WS 5 Srhs Aol

©F. 5, TSt Yol b 4%, A%, 4 A2, el
:Y

o}
B A= TSH _‘:H] xl-oH 1% AT 25 HOP%EE%
(Thyrotropin Releasing Hormone, TRH)| EH
&o] B TSH 0]l 932 & %= ek 17 @Nymes
520 0 g9} AR A7 ] AR L2 % 1

126

318191 21 Chung's 2101] o= ujer= A 2| 7R
(Non—alcoholic fatty liver disease)ol| 4] TSH7} g AF<Q1o]f] H]
3l <l 97 432 Mok

OFA7IA] £ 41517} F G A S0l A AT AR
/\P_ixb]ﬂ =2 74/\]._501—7]10] LHTSHB:]Q}OH %
7} gl AEolch, £ Aol
QoA 737 =A 02 2007d 8U~2013 6 % Afolol]
pal
=

al oA

Ao 2 HPE

ARG o A7) st ol A 2007 82 ~2013 6
7HA] eF 617 53] 7S A3 s 5378 S AT = B
Aot A7 AR A Ay A F AL, 719 FRA, i3]
Ab, S REY, 559 A =53t AAP 23EE] 9
o} A8 AP A= S0 WY, A, 715, Tk,
S5 5 59 5 5ol Z§tE }lom Z AfQle] 21 =t
sttt A 75 HARE A 7IsFsRA kg B

Sk
(Electrochemiluminescence assay)©] 4 € % modular
E170(Roche, Mannheim, Germany)” | A& AF&-5}0] A|3) =
3¢}, Modular 1706] o] 274 PR w2 320] 1
S5 2,5%0]c), AN Ao A A 48
5 R LIS, G 00
7433} FF=e o] Q1= 2}, A A

e 7o) e A
214, 942 4ol
o] 9= AHe.g. T, TS, WY TR AL, AT
s0eh, TSHol AEHE B 5 A ok —a—%—sm et
71-/L]—/\H Qoﬂ o]—/H ]:o ué]

Slehiehrig, D).

L

SR AR HE) B B B4 PSS 18,0 RIS

Mr
1



‘The Change of Thyroid Stimulating Hormone Values of Healthy Subjects According to Temperature and Aging

Fig.1 Schematic presentation of enrolled subjects for analysis.

Examined subjects: 24,824

| 24,287 subjects excluded |

v

Five times examined subjects: 537

Exclusion Criteria.

Thyroid disease(N=47)
-thyroid cancer

-s/p thyroidectomy
-hyperthyroidism
-hypothyroidism

-thyroiditis

-thyroid hormone replacement

HBs Ag, HCV Ab, seropositive(N=33)

History of chronic disease(N=121)
-DM,HT,COPD,RA
-Psychiatric History
-Steroid medication

Malignancy history with exception of thyroid
cancer(N=8)

, Total 209 excluded

328 subjects analyzed

s/p: status post, LT4: levothyroxine, N:Number of subjects, DM: Diabetes Mellitus, HT:
hypertension, COPD: Chronic Obstructive Pulmonary Disease, RA: Rheumatic Arthritis
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Table 1. Baseline characteristics of subjects in first check-up

Characteristic Total (n=328)

Age(Years), mean=SD 42.1+8.09
Age stratum (Years), n(%)
<29 20 (6.1)
30-39 111(33.8)
40-49 139(42.4)
50-59 48 (14.6)
60> 10 (3.0)
Female, n(%) 120(36.6)
BMI, mean+SD 2334+ 291

Presence of thyroid nodules n(%) 21(6.4)

Presence of Fatty liver, n(%)

Normal echogenecity 277(84.4)
Mild 18(5.5)
Moderate~severe 33(10.1)
Alcohol intake, n(%)
Nearly not 117(37.5)
<20 g/day 102(31.1)
>20 g/day 109(33.2)

SD: Standard Deviation, BMI: Body mass index

Table 2. Mean TSH and thyroid hormones values for each subject check-up.

Sequence of tests TFT(n=328)
T3(ng/dL) T4(ug/dL) fT4(ng/dL)

First 107.2+15.6 7.55+1.24 1.29+0.16"

Second 109.3+15.2 7.44+1.14 1.32+0.18"

Third 109.5£16.9 7.54+1.18 1.32+0.17

Fourth 110.3+15.8 7.34+1.24 1.30+0.18

Fifth 108.2+15.9 7.67£1.29 1.29+0.15
Values are mean = SD SD: Standard Deviation, *249 analyzed, '295 analyzed due to missing
values.

Table 3. Reference range of TSH values according to the serial check-ups.

Sequence  TSH reference range(mIU/L)

artEsts Lower limit Mean Upper limit
First 0.53 1.62 4.94
Second 0.49 1.65 5.61
Third 0.46 1.67 6.06
Fourth 0.48 1.70 5.99
Fifth 0.52 1.78 6.13

The ranges were calculated as mean = 2SD of log-transformed serum TSH
concentrations for each sequence of check-up
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Table 4. Mean TSH value according to gender, age stratum, thyroid nodules, alcohol intake,
fatty liver, temperature, and BMI.

Factors TSH(mIU/L)

First Second Third Fourth Fifth
Age, year 42.1+£8.09 43 3+8.11 44.6+8.14 45.8+8.12 47.1+£8.18
Female(120) 1.98+1.15 2.06x1.11 2.08+1.18 2.15+1.33 2.29+1.30°
Male(208) 1.83x1.02 1.87+1.04 1.93+1.20 1.95+1.20 2.00x1.76"
Age stratum
30 o] 3H(131) 1.86=0.95 1.87+1.03 1.88+1.04 1.92£1.03 2.01£0.98
40 9 (139) 1.89+1.16 1.99+1.05 2.05+1.30 2.05+1.23 2.09+1.27
50 t) o] AH(58) 1.94+1.11 1.96x1.21 2.08£1.26 2.20+1.22 2.38+1.59
Nodule(-) 1.90£1.07(307) 1.97£1.04(298) 2.01£1.20(300) 2.05£1.22(301) 2.14+1.23(298)
Nodule(+) 1.67+1.06(21) 1.66£0.73(29)  1.71£1.15(28) 1.67+1.24(27)  1.83£1.22(30)
Alcohol
Not intake(117) 1.86+1.10 1.97+1.08 1.96=1.13 2.05+1.31 2.16=1.25
<20g/day(102) 1.90+1.07 1.90£1.05 1.97+1.16 2.08+1.27 2.09+1.18
=20g/day(109) 1.90+1.04 1.94+1.08 2.03+1.30 1.94+1.07 2.08+1.27
Fatty
Liver
(-) 1.90£1.07(277) 1.97+1.09(259) 2.02+1.24(259) 2.06£1.20(248) 2.15%+1.26(234)
(+) 1.82+1.07(51) 1.82£0.97(68)  1.85=1.01(69) 1.91=1.28(80) 2.01%1.13(94)
497
7] & :
A 1.81£1.02'(239) 1.84+£1.04'(231) 1.95+1.18(237) 2.05+1.27(230) 2.06+1.21(228)
B 2.10£1.16'(89) 217=1.11597)  2.09£1.23(91)  1.96=1.08(98)  2.22+1.28(100)
BMI _
<23kg/m’ 1.88+1.06(172) 1.93£1.16(155) 2.05=1.18(151) 1.971.06(141) 2.13x1.13(146)
2324 1.80£0.94(54) 1.71£0.75(76)  1.83+1.06(79)  2.06+1.22(85)  2.07+1.32(71)

>25ke/m’ 1.96+1.14(100) 2.12+£1.17(95)  2.01+1.31(97)  2.10£1.22(102)  2.10£1.23(110)

Values are mean £ SD SD: Standard Deviation, T: Temperature, A:months that average
monthly temperature is above 10C in Jinju, Gyeongnam, B:months that average monthly
temperature is below 10C in Jinju, Gyeongnam, BMI: Body Mass Index, P
value(mean+SD*) is 0.032, P value(mean=SD *) is 0.034, P value(mean +SD?) is 0.008. P
value by T-test or ANOVA(Analysis of variance)
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Fig.2 Estimated marginal means natural logarithm(TSH) + SE that was checked five times for

six years
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Fig. 3 Within-individual TSH levels separated by average monthly temperature(10C) for 146

subjects.
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