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Thyroid hormones are essential for cellular energy homeostasis and regulation by interacting with
the sympathetic nervous system. This study was conducted to investigate the relationship between
thyroid hormone and risk factors of metabolic syndrome for medical checkups of male patients. The
study subjects were 12,250 males between 20~ 80 years old who visited the hospital for a health
check-up at one General Hospital in Gyeonggi—do during the period of January 2011 to December
2013. According to the American Heart Association/National Heart, Lung, and Blood Institute
(AHA/NHLBI), the metabolic syndrome criteria is defined as the presence of 3 or more risk factors.
FT4 was lower in the metabolic syndrome group than in the normal group (p<0.001). The level of
FT4 decreased as the levels of abdominal obesity (p=0.001), hypertriglyceridemia (p<0.001),
blood pressure (p=0.005) and blood glucose (p=0.005) increased. The TSH level increased
hypertriglyceridemia (p=0.047). FT4 had an influence on the waist circumference and triglyceride
(p<0.001). HbA1c, insulin, HOMA-IR, hs—=CRP were higher in the lowest quartile than in the
highest quartile (p<0.001). FT4 had effects on the waist circumference and triglyceride, but TSH
had no effect on metabolic syndrome risk factors. The metabolic syndrome was lower in the highest Corresponding author: Kyung-A Shin
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FoVFE AT HINE FHtek, g e gl thA
#lo] QIthDi Bello 5, 2007; Portella 5, 2007). 3
7% & PRS2 R (thyroid-stimulating  hormone,
TSH)}S G2]El 2 Al(free thyroxine, FT4)} Hlog/ A ETAE
EfiH, FT4+= 95 A1d 2 grjatel] $83F 922 SthAn-
dersen %, 2002; Duntas, 2002; Fommei2} lervasi, 2002).
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A AR T IS AT E S o AE Hel vt
W, FT4+= vy 9 1342485
(Naht Lee, 2009). 3HH, 4754615
LDL-Z# 28 E(low density lipoprotein}& 714 A 84
ot st f1¥s S7HI7IE A0R EuEtjung 7,
2002). American Health Aging and Body Composition (Health
ABO)Aof w2 ¢ HDL-Z#| A8 E(high density lipo-
protein), 5/ A, 5ol 75 ool ek mAH,
W7 5875 Bt ofu et IV s A skl A e Qladl
EORE Aol AVtE el 7] 5Ade] Wkt
CHWaring &, 2012). o]¢} =2 17|50 33t thaks:
Ol FAME wfizoll Aol ol At s AR ko]
= A7 BarEa QIcWaring 5, 2012; Pangaluri
,2013). Z1E U A S22 Al of whet Afol & Koo 4]
12o] A TR S v = AR YA Sltkda
Costa %, 2001). thARs Eot A o] wheh 3 Qfdoll Aol &
Holil Qo A8 A5 o iR o a7 E ol el o
S TR A7 ool o, ladl AA Yk 2 At
St AE RS FHISHA Aokl A S8 (ung &,
2002; Kragelund -, 2007; Roos -5, 2007).
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QNG 8ATE o] T4 & @A 8Alof| & A BT

AL FEUAEE, $4AY, HDL-294H1E, LDL-&
(low density lipoprotein), 3E584, 17% C-HH-3-A4]
A (high sensitivity C-reactive protein, hs-CRP), 84
TBA-200FR NEO (Toshiba, Japan)= Z4olatt. T3la A4
(hemoglobin Alc, HbAlo)e YA A 2ukE T (high
performance liquid chromatography, HPLC) ¢S o]-&-3}o]
Variant II (Bio Rad, U.S. A= Z7J3t¢lch E3F Q1+, FT4, TSH
= Modular Analytics E170 (Roche, Switzerland) 4H] S o]-&3
o] Z7)sfshd=gH o B4 H(electrochemiluminescence immu-
noassay, ECLIA)®] ¥] & HAFSISE Q& A94-S Yet=
HOMA-IR (homeostasis model assessment of insulin resistance)
+= [fasting insulin (uU/ml) X fasting glucose (mg/dL)/405] 5-2]
< o]-&-ste] AlAbstait.

)
> 12
T
fifu

3) B =R ZIHY|

AT Y 7152 AHA/NHLBI (American Heart Asso-
ciation/National Heart, Lung, and Blood Institute)2] 7]=of| w}
2} 1) € 130/85 mmHg oV Ea= A5 5= 49-2) 3583
100 mg/dL oV Bi= SR A 8 3h= 79 3) 9 4%] 150 mg/dL
ol Tz ISR ES A= 5% At 4) HDL-Z4| A H|
£ 93 40 mg/dL IRl 7-9- 5) SlelEe= thiEhe|ntele] 7]z
we} 7]Eo] whek E/d 90 cm oVl A5 tiAs St AL
T A o, AASE 571A] 3R 537 1HA] o) SOk 7

AReet At = F8HItH Grundy &, 20055 Oh, 2011).
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3. 57 24
B A7 7% BAXE BT BEBAL AN A}

F AThfo] W2 k] oJota] S ch A 91
219] 3] wh2 A T2 o] Yol

£ 7] 9190 S
2 78S AABIAT. TSHEF FTAS] ARZ9fel T A=A
ol ABRerA #|3ko] Aols H] } | S8l LA
(one-way ANOVA)& AATSIGITh dHHAFEAS AR 23}
AR FOfF A7 A= B¢ /\} 4 0 2 bonferroniS
AJHBFATH T3t AT 9] @ olu} ZAFA & B R ao] 1A

£ Gl 13l theAd B8 FEA S AABIA e, AR St
=]

512 931 8 olol 7] 913 2| AE ] 7L AJect £
B2 SPSS 21.0 window version (SPSS Inc., Chicago, IL,

USAVS AR08, BAH f 972 p<0.052 438t

1. HASZE Xt Q0] M2 ChAXte] oty EX

ot A o whE AF, Al BML ol elEdl, 5

719k o|eb7] Ao, FEUAHE, AN, 5289, HbAlc, &

%¥, HOMA-IR, hs-CRP, ﬁ*&% R AR KTt
of| A =9zt p<0.001). “Lejv} HDL-Zd| A8 23} FT4=

R ARGt Aol A Rk o w74} p<0.001D), Al

4 LDL-ZY AHIE, TSHE Jekzt Xjol7} §131cKTable 1).

2. TSH AR

TSHO| ARE§f4=e]| w2 Yekk Afo & 2 Ak Ao 1ARES]
T0f 2ARERIFE T 3AHERIt 4ARE 91 A = 3TH p=0.007).
5719} o|97] BUS IARESIT R 2ARE 910 4ARE SIS
oAl =eh 2 p=0.006, p=0.001). = A==} hs-CRP=
IAHESIG R 2AHE 914, SRR, 4RSI =i (2t
£<0.001). T/ AL} QAR TAHE9]0F 2AHE LTt 3ARE
QN ARSI =0k 0T ARSI 2ARE S R =4t
tHZH7} p<0.001). LDL-ZH|AE1 &2 IAHE 1R T 4AHE91 4
oA E=UTHP=0.013). T3t FEI T2 4AES = 1AHES S
OF 2AHEQI R 320k o 1 AR 2ARE SIS Rk =8kTh
(p=0.001). TSH= 78 -2 IARE S0 A 7H -2 4AHE 9]
B AYPELE obglon, FT4eE 7P 22 1AHE SISl A 7H
T2 ARSI R JEYSE wo ozt p<0.001). :LEM
olg, 1% BMI, 31254, HDL-ZYAHE, HbAlc, 21&d,
HOMA-IR-2 HHF &Ko) 7} $1 3t Table 2).
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Table 1. Anthropometric and biochemical parameters of study
subjects according to presence of metabolic syndrome

Male (n=12,250)

Variables
MS (n=1,461) No MS (10,789) yoa
Age, y 49.34+10.80 45.79+10.91 <0.001
Height, cm 171.45+6.40 171.35+6.35 0.589
Weight, kg 81.26+10.86 71.35%£9.56 <0.001
BMI, kg/m? 27.58%2.84 2427+272  <0.001
WC, cm 92.19+6.63 82.66+7.01 <0.001
SBP, mmHg 123.72+€14.93 111.30%£12.16 <0.001
DBP, mmHg 80.30+10.64 71.96+9.36 <0.001
TC, mg/dL 199.67+36.54  194.59+£33.55 <0.001
TG, mg/dL 240.03+112.66 131.50£80.34  <0.001
HDL-C, mg/dL 43.73+10.28 53.04+11.65 <0.001
LDL-C, mg/dL 123.08+33.04 121.82+30.22 0.176
FBS, mg/dL 110.24+30.76 90.44+17.30 <0.001
HbA1c, % 6.24+1.14 5.58+0.65 <0.001
Insulin, uU/mL 7.80+£3.96 4.82+292 <0.001
HOMA-IR 2.15%€1.32 1.11+0.75 <0.001
hs-CRP, mg/dL 0.22+0.51 0.17+0.47 <0.001
Uric acid, mg/dL  6.30+1.42 5.99+1.25 <0.001
TSH, plU/mL 2.21+2.09 2.19+3.12 0.810
FT4, ng/dL 1.31+£0.20 1.34+0.28 <0.001

Abbreviation: MS, metabolic syndrome; BMI, body mass index;
WC, waist circumference; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TC, total cholesterol; TG, triglyceride;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; FBS, fasting blood sugar; HbA1c, hemo-
globin A1c; HOMA-IR, homeostasis model assessment of insulin
resistance; hs-CRP, high sensitivity C-reactive protein; TSH,
thyroid stimulating hormone; FT4, free thyroxine.

Values are presented as mean=SD.

*Calculated by independent samples #test.

3. FT4 A2 el0f 2

FT4E AR 9152 Lol At Ao
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woto], AN AL 2ARE A0t BAREH R
Wttt p<0.001). HDL-ZHAE S-S 4AHR917F 1AHE
5, 2ARE 1R, 3ARE SR =3 TH(p<0.001). 352, 2
%%, HOMA-IRE 149 #9} 2ARE IR 3ARE 910t 44
w7 R om, AARE e 2ARE AR WA
p<0.001). =9+ HbAlce= 14*14#‘%} ARSI, AR R,
AARESITE Wokom, AARESIeE 2ARESE T Wl
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of anthropometric and biochemical parameters of subjects according to TSH quartile
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Variables 1*t quartile 2" quartile 3 quartile 4™ quartile .
(125, n=3319) (1.26~1.86, n=3,172) (1.87~2.73, n=3,036)  (=2.74, n=2,723)
Age, y 46.48+10.97 45.95+10.74 45.90+10.99 46.52+11.15 0.057
Height, cm 171.13+6.35 171.53+6.37 171.42+6.33 171.39%6.35 0.071
Weight, kg 72.02+10.12 72.60+10.28 72.76+10.26" 72.83+10.30" 0.007
BMI, kg/m? 24.56+2.91 24.63+2.94 24.73+2.95 24.75+2.94 0.052
WC, cm 83.52+7.63 83.73+7.69 83.96+7.51 84.03+7.63 0.051
SBP, mmHg 112.13£12.50 113.15+12.96" 112.79+13.42 113.13+13.82°7 0.006
DBP, mmHg 72.43+9.66 73.32+9.64" 72.88+10.06 73.24+10.27" 0.001
TC, mg/dL 193.13+33.78 195.48+32.777 195.97+35.01" 196.54+34.24" <0.001
TG, mg/dL 138.21+88.92 143.03+87.86 148.15+95.98" 149.56+94.66" <0.001
HDL-C, mg/dL 52.10+11.94 52.06+11.81 51.75+11.93 51,78+11.87 0.540
LDL-C, mg/dL 120.58+30.81 122.15+29.77 122.28+31.04 123.12+30.617 0.013
FBS, mg/dL 93.38+20.56 93.57+21.53 92.14+19.68" 91.92+19.75"F 0.001
HbATc, % 5.68+0.75 5.68+0.82 5.64+0.74 5.63+0.70 0.051
Insulin, uU/mL 512+3.36 5.30+3.09 5.23+3.03 5.21+3.47 0.844
HOMA-IR 1.23+0.94 1.30+0.97 1.23+0.82 1.24+0.95 0.519
hs-CRP, mg/dL 0.20+0.66 0.17+0.38" 0.16+0.36" 0.16+0.41" <0.001
Uric acid, mg/dL 5.94+1.28 6.00+1.25 6.05+1.27" 6.12+130"" <0.001
TSH, plU/mL 0.87+0.29 1.55+0.17" 2.25+024"F 4.50+573" 13 <0.001
FT4, ng/dL 1.38+0.46 1.34+0.15" 1.32+0.15"1 1.29+0.17"77% <0.001

Abbreviation: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total
cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FBS, fasting blood
sugar; HbA1c, hemoglobin A1c; HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high sensitivity C-reactive protein;

TSH, thyroid stimulating hormone; FT4, free thyroxine.
Values are presented as mean=SD.

*Calculated by ANOVA and bonferroni test. TSlgmﬁcantly different from 1*" quartile. TSlgmflcantly different from 2™ quartile. *Significantly

different from 3" quartile.

Ao, ARSI 2A R Q1L BRI R o 9k (p<0.001).
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5. UAM S22 ASEE Q17| Bty
TSHe= tiARS S AR P& vIXA] g A= et
O}, FT4+= diARS S A9 821 5 sle=d, S84 4
TS m X = A 0 2 UERGtHZH) p<0.001) (Table 5). FT4S A

SR the &, 2 ARES H Il A diARS S WA Bl
A IAHERIGE 71501 4ARE9I(OR: 0.779, 95% CI: 0.683~
0.889)2] thAks - WATAE7F 1ARE915=(OR: 0.893, 95%
CL: 0.787 ~1.014)E.t} 0.778] WA YeRgthHTable 6).
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Table 3. Comparison of anthropometric and biochemical parameters of subjects according to FT4 quartile

. 1%t quartile 2" quartile 3" quartile 4™ quartile
Variables (116, 11969)  (117~1.38, 1=2.957) (129140, n3399) (=141, n-3944) 4
Age, v 51.20+11.30 47.51+11.20" 4527+1053"1 43.59+9.96"T* <0.001
Height, cm 169.89+6.32 171.13+6.38" 171.63+6.2777 172.0326.297 18 <0.001
Weight, kg 72.30+10.14 72.77+10.23 72.86+10.33 72.20+10.20 0.056
BMI, kg/m’ 25.01+2.93 24.81+2.91 24.69+2.88" 24.37+2.98" 18 <0.001
WC, cm 84.59+7.57 84.08+7.64 83.89+7.51" 83.11+7.667 1" <0.001
SBP, mmHg 114.60%14.02 112.85+13.417 112.49+12.99" 112.08+12.56" <0.001
DBP, mmHg 73.95+10.08 73.02+10.14" 72.80+9.78" 72.54+9.70" <0.001
TC, mg/dL 195.53+34.97 195.38+34.41 195.64+33.67 194.53+33.35 0.500
TG, mg/dL 159.18+108.01 147.87+90.34" 144.05+89.34" 134.97+85.06" 1" <0.001
HDL-C, mg/dL 50.94+12.10 51.69+11.73 51.79+11.83 52.73+11.907 1% <0.001
LDL-C, mg/dL 120.83+31.42 122.10+30.76 122.67+30.05 121.86+30.43 0.218
FBS, mg/dL 94.85+21.14 93.53+20.29 92.32+20.03" 91.66+2046"1 <0.001
HbATc, % 5.76+0.78 567+0.72" 565+0.75" 561+0.78"7 <0.001
Insulin, uU/mL 5.89+3.60 5.59+3.62 512+2.92% 4.69+2937T <0.001
HOMA-IR 1.43+1.06 1.36+1.05 1.21+0.79"1 1.12+081"1 <0.001
hs-CRP, mg/dL 0.22+0.53 0.19+0.59 0.18+0.51" 0.14+0.28" 13 <0.001
Uric acid, mg/dL 5.93+1.29 6.03+1.27" 6.06+1.28" 6.03+1.277 0.002
TSH, plU/mL 3.09+6.78 2.20+1.737 2.04+123" 188+121"7 <0.001
FT4, ng/dL 1.08+0.07 123+003" 134+0.03"1 1.53+0.39" 7 <0.001

Abbreviation: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total
cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FBS, fasting blood
sugar; HbA1c, hemoglobin A1c; HOMA-IR, homeostasis model assessment of insulin resistance; hs—CRP, high sensitivity C-reactive protein;
TSH, thyroid stimulating hormone; FT4, free thyroxine.

Values are presented as mean=SD.
*Calculated by ANOVA and bonferroni test,
different from 3™ quartile.

TSignificantly different from 1% quartile,

Table 4. TSH and FT4 levels according to the levels of each metabolic syndrome risk factors

TSignificantly different from 2™ quartile, * Significantly

Variables TSH oul FT4 You
WC, cm
=90 2.23%+2.42 0.464 1.32+0.18 0.001
<90 2.18+3.16 1.34+0.30
BP, mmHg
SBP =130 or DBP =85 2.27+2.08 0.196 1.32+0.23 0.005
SBP <130 or DBP <85 2.18%£3.18 1.34%0.28
HDL-C, mg/dL
<40 2.17%£1.70 0.701 1.33+0.23 0.175
=40 2.20+3.17 1.34+0.28
TG, mg/dL
=150 227276 0.047 1.31+£0.17 <0.001
<150 2.15%+3.15 1.35%£0.32
FBS, mg/dL
=100 2.12%2.24 0.207 1.32+£0.42 0.005
<100 221+3.16 1.34+0.23

Abbreviation: TSH, thyroid stimulating hormone; FT4, free thyroxine; WC, waist circumference; BP, blood pressure; HDL-C, high density
lipoprotein cholesterol; TG, triglyceride; FBS, fasting blood sugar.

Values are presented as mean=SD.

*Calculated by independent samples #test.

oz =4 3
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Table 5. Association between thyroid functions and the components of the metabolic syndrome

TSH FT4
Variables
B SE B o B SE B yoa
WC, cm —0.008 0.023 —0.003 0.715 —1.092 0.249 —0.040 0.001
SBP, mmHg 0.050 0.039 0.011 0.200 —0.108 0.424 —0.002 0.799
DBP, mmHg 0.041 0.030 0.012 0.168 —0.420 0.323 —0.012 0.193
HDL-C, mg/dL 0.050 0.036 0.013 0.167 0.510 0.391 0.012 0.192
TG, mg/dL 0.039 0.277 0.001 0.887 —22.345 3.016 —0.068 <0.001
FBS, mg/dL —0.111 0.060 —0.016 0.065 —0.300 0.656 —0.004 0.648

Abbreviation: TSH, thyroid stimulating hormone; FT4, free thyroxine; WC, waist circumference; SBP, systolic blood pressure; DBP; diastolic
blood pressure; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; FBS, fasting blood sugar.
*Calculated by multiple linear regression analysis.

Table 6. Independent association between FT4 level and metabolic 0 F = Qo8 Afol & KoL, 11 XJo|7} njH|ste] A 75
d
syndrome — WolA] SJul2 Fofel7] ofelg] 33 oot Bt AFHS 37}
OR (95% CI) for " ol o
FT4 (ng/dL) metabolic syndrome P A7t B8 Zlor Az
1%t quartile 1 A T2 A1 gl A ek o] SR IE Faflof gk A
2" quartile 0.893 (0.787-1.014) 0.082 o] A HREEE 281 lE 2ol o] AR Alo] thet Wiz =
3" quartile 0.841 (0.738-0.959) 0.009 e
4" quartile 0779 (0.683-0889) <0001 7k RIS AR ]Wwaltonﬁ 1965; Krishna 5, 1968).
3} 7L & o ¥y} u 183lo] &
*Calculated by logistic regression analysis. ERHA v Bl A H T Y wl A 2o 2-8-5to] B A
= FaAZIAE, {%}%‘7] AeFsol A Bl Al 2]
= FT49} Jlog/ A g AE HolH, 754 71501 d& 7Isgol= ) S A5 3t Walton
o= 04"401]*1 TSHL ARG E ST o] AFEA 7 e %, 1965; Duntas 5, 2002; Fommei$} lervasi, 2002).

Q4% AL PAZELY F A A0 ol So]
A ]a 9tk Miranda 5, 2005; Hamburg %, 2008). A4 912 7+
o] Wt ol 2 Ko, A _Q__E,_'E_o] W 22w §8s M 2R PN AEI ARSI IS EEE A
H)A Ao oA glom(da Costa 5, 2000), HASFTE vk AP/ e AF AN 14 A%He] S7HIk Torrance
S/l wheh i el Kol 5 Btk T1gol e B-oal & , 1997; Wang 5, 2004).
T HYATEE BB o T A NSOl RS S B ATATHITAY] A S ARSI 7P S SIS
Ao 97} o] o1 tHJung 5, 2002; Kragelund %, 2007; tFHbAlc, 1&7, HOMA-IR7F 39121, Roos 5(2007) W
Roos %, 2007). off] & Aol A= A4 AP 715-& ol A FT4 3914:0} 2142l Aabazte] AAmkalo] ik Breteict.
QIS OO R A TEE GAESE AT A Aol tHARO R A FT4S] 74 R ARSIl A AR

[t o
¥R,
o o O H |z
N

ot &

2 Y i b §%o] 71 ek or|(Nahst Lee, 2009), 3 1523}
# ATAT YYTET PIETE DS FTOE RS oF A5 A o) of % oheh P4 % 24
v, FTAL A 919090 5 125, 3400 Ge 2R iRl JES v Relow 1] TS

HlA A0 R UERTTh B8 ARSI FTIAE 71208 1A 7lAjofs 202 Az},

OB T} 4AHEL )0 A] AR I WAl o] 3] o] L7 Lhepytct, CRP (C-reactive protein, CRP)¥= 7ol A A == 34 vk
o] AIE T3l M7 s ol it FEISHA ¢k g%l Aol EAEN A ASEHE Bl Ao, d5d Aekold]
A TSHE Th= FT47F AR S o) o] Qli= 21 0= Hel of) Al zEA4d3 AT E HhgstohRidker &, 2001). hs-CRP&=
THNah®} Lee, 2009). 3HH, iAo 918 8 Q1 - E5ugh 1L ARIEQ} U LT} fzof 7|2 W2 #9]9] CRPE ZHE 4= 9l

FRAFES, Y B Fdo] =2 73 FI47h Fokh. T8k TSH om AL G, AR &SRR Z-8E 1 9l
= AR ol w2 Aol = glalom, Akt 91 a8l THRoberts 5, 2004). 2 Sl Al = FT47F 2 B9 R T 2
T AATE S oA TSH =7F =90tk o2t ZH2ke] dials: w9404 hs-CRP 557} =8k 0, Al 5(2003)9] d-FollAl=
Tt AT 819 ol whE ZF tof] thgh A 7152 EAIA W7 5ol w2 CRP 55+ Ao|7f gl # of et s
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