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Mediators or confounders; should obesity be adjusted to estimate
the effects of trihalomethanes on thyroid function
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Abstract: Objective To explore whether obesity plays a confounding or mediating role in the effects of trihalometh-
anes on thyroid function. Methods The cross-sectional data were obtained from the NHANES database. The continuous
and categorical variables were compared with weighted rank sum test and y” tests, respectively. Variables with skewed
distribution were subjected to natural In transformation; THM was classified according to the quartile distribution of In
transformed concentration; directed acyclic graphs (DAGs) and Logistic regression were introduced to explore the po-
tential role of body mass index (BMI) in the causal pathway of THM exposure and thyroid function. Results There
was no significant effect on the association between THM exposure and thyroid function before and after additional
adjustment for BMI as a categorical variable; however, when stratified analyses were performed based on obesity, THM
was a risk factor for elevated TSH levels in obese patients. Conclusion Considering collider bias, the potential hetero-
geneity observed in stratified analyses of obesity needs to be interpreted with caution, as well as the need for additional
analyses of obesity as a confounder and/or mediator in THM studies.
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Figure 1 Flow chart of inclusion and exclusion of study subjects
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Figure 2  Potential causal relationship between THM expo-
sure, obesity, and thyroid function
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Figure 3  Adjusting for intermediate variables may cause a
"collider bias" in the assessment of the effects of
THM exposure on thyroid function
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Table 1 Weighted study population characteristics for adults, NHANES 2007-2012

A it (n=5158) B (n=2764) 2 (n=2394) P
SEWR/ % 47.03(0.51) 47.36(0.35) 46.65(0.37) 0.05
B/ n( %) 0.02
EFPEAE AN 2204(42.73) 1209(43.74) 995(41.56)
JEVEBEA T EA 1116(21.64) 587(21.24) 529(22.10)
HTEHEEA 822(15.94) 440(15.92) 382(15.96)
HiAh, 1016 (19.70) 528(19.10) 488(20.83)
ZHEBRE/n(%) <0.01
mHLE 1401(27.16) 742(26.85) 659(27.53)
ey 1123(21.77) 645(23.34) 478(19.97)
=Ll 2634(51.07) 1377(49.82) 1257(52.51)
SR/ n( %) * <0.001
2 5HRREE 2930(56.80) 1688(61.07) 1242(51.88)
IR/ B/ R 1.050(20.36) 416(15.05) 634(26.48)
RIF 919 (17.82) 511(18.49) 408(17.04)
FIEW AT L <0.01
<1.30 1541(29.88) 763(27.60) 778(32.50)
1.30~<3.50 1738(33.70) 944(34.15) 794(33.17)
=3.50 1879(36.43) 1057(38.24) 822(34.34)
BMLI/n( %) <0.001
<18.5 87(1.69) 37(1.34) 50(2.09)
18.5~<25 1507(29.22) 779(28.18) 728(30.41)
25~ <30 1708(33.11) 1027(37.16) 681(28.45)
=30 1856(35.98) 921(33.32) 935(39.06)
[ Bl /cm 98.13(0.49) 95.76(0.31) 100.14(0.34) <0.001
Mg AT T /n( %) <0.001
<1.0ng/mL 3556(68.94) 1760(63.68) 1796(75.02)
1.0~<10 ng/mL 264(5.12) 157(5.68) 107(4.47)
=10ng/mL 1338(25.94) 847(30.64) 491(20.51)
e/ % 47.03(0.51) 47.36(0.35) 46.65(0.37) 0.05
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A it (n=5158) B (n=2764) L (n=2394) P
ML/ n( %) 2106(40.83) 1195(43.23) 911(38.05) <0.001
BRI/ n( %) 851(16.50) 487(17.62) 364(15.20) 0.02
I PR B AR PR T RE R /n (% ) 114(2.21) 56(2.03) 58(2.42) 0.69
TPOAD FAYE (=9 I1U/mL)/n(%) 475(9.21) 188(6.80) 287(11.99) <0.001
TgAb FAPE (=4 1U/mL)/n( %) 338(6.55) 150(5.43) 188(7.85) 0.02
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2 HOERBN R A YR EP ISR , NHANES , 2007-2012 4f:
Table 2 Weighted distribution of exposure biomarkers for adolescents and adults, NHANES 2007-2012

*

1.01 pg/mL, 5 BVEM L, ZMEA E05 /Y THM ik

Bl (n=5158)

BYE(n=2764)

LtE(n=2394)

R GM M(IQR) oM M(IQR) GM M(IOR)

TCM/ (pg/mL) 723 6.99(3.24, 15.20) 721  6.95(3.17, 15.00) 724  7.05(3.31, 1530) 0.0l

BDCM/(pg/mL)  1.55  1.45(0.44, 3.31) 153 1.46(0.44, 3.30) 156 1.43(0.44,333)  0.02

DBCMP/(pg/mL)  1.01  0.73(0.44, 1.97) 100 0.71(0.44, 2.00) 102 0.77(0.44, 1.95)  0.07

TBM/ ( pg/mL) 095  0.71(0.71,2.17) 094  0.71(0.71, 0.71) 096  0.71(0.71,071) 021

TSH/(mIU/L) 156 1.56(1.10, 2.28) 156 1.56(1.12, 2.29) 155 1.56(1.07,2.28)  0.88

T3/(ng/dL) 113.08 113.00(100.00, 142.00) 113.88 115.00(102.00, 128.00) 112.19 112.00(99.00, 126.00) <0.001
FT3/( pg/mL) 319 320(2.96,3.70) 328  3.30(3.08,3.50)  3.09  3.10(2.89, 3.30)  <0.001
T4/ (pg/dL) 768 7.69(6.80, 8.60) 749  7.50(6.68, 8.43)  7.90  7.87(7.00, 8.86)  <0.001
FT4/(ng/dL) 078 0.80(0.70, 0.95)  0.79  0.80(0.70, 0.89) 078  0.80(0.70, 0.86)  <0.001
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Table 3  Associations between plasma trihalomethanes levels and TSH
it Bk otk
Ak S| 1R 2 B 12 S| B 2
OR(95%CI) OR(95%CI) OR(95%CI) OR (95%CI) OR(95%CI) OR(95%CI)
TCM
B AL R4 SR S Y Z R4 ZHA SR
o IR VR 1.02(0.96,1.08)  1.02(0.97,1.09)  1.02(0.96,1.10)  1.03(0.96,1.10)  1.05(0.95,1.16)  1.06(0.97,1.16)
UG X8 1.08(1.02,1.15) ** 1.09(1.02,1.15) ™ 1.07(0.99,1.17)  1.08(0.99,1.17)  1.04(0.96,1.12)  1.04(0.99,1.18)
g E VR 0.96(0.91,1.01)  0.96(0.91,1.01)  0.99(0.91,1.08)  1.00(0.91,1.09)  0.94(0.86,1.03)  0.95(0.87,1.03)
P-trend 0.99(0.98,1.01)  1.00(0.98,1.01)  1.00(0.97,1.03)  1.00(0.97,1.03)  0.98(0.95,1.01)  0.99(0.96,1.01)
BDCM
SE— AL Z R4 ZRA Z A Z R4 ZHRA ZIRA
oL VR 1.03(0.98,1.07)  1.03(0.98,1.07)  0.95(0.88,1.02)  0.95(0.88,1.02)  1.08(1.00,1.17) " 1.08(1.00,1.17) "
E o UV 0.98,1.09)  1.03(0.98,1.09)  1.02(0.94,1.11)  1.02(0.94,1.10)  1.03(0.92,1.15)  1.03(0.92,1.15)
S5 0 Y 431 0.94,1.06)  1.00(0.95,1.06)  0.99(0.90,1.08)  0.98(0.90,1.08)  1.02(0.92,1.12)  1.02(0.93,1.12)
P-trend 1.00(0.97,1.02)  1.00(0.98, 1.02)  1.00(1.00,1.03)  1.00(0.97,1.03)  1.00(0.97,1.04)  1.00(0.97,1.04)
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it Gtk atk
Akt 1A 1 1R 2 B 1 iR 2 R i)
OR(95%CI) OR(95%CI) OR(95%CI) OR (95%CI) OR(95%CI) OR(95%CI)

DBCM
B 5L Z R4l Z R4 Z R4l SRl SRl SRl
BEIUAMUEL 1.09(1.00,1.16) © 1.08(1.00,1.17) *  1.13(1.03,1.24) *  1.13(1.03,1.25) 1.03(0.93,1.14)  1.03(0.92,1.14)
F=UAMEL 1.05(0.99,1.11)  1.05(0.99,1.14)  1.06(0.97,1.16)  1.06(0.97,1.16) 1.04(0.97,1.13)  1.05(0.97,1.14)
SEIUPYAML 1.08(1.00,1.17)  1.08(1.00,1.17)  1.07(0.97,1.18)  1.07(0.97,1.18) 1.08(0.93,1.25)  1.09(0.94,1.26)
P-trend 1.02(1.00,1.04)  1.02(1.00,1.04)  1.01(0.99,1.01)  1.01(1.00,1.01) 1.03(0.98,1.07)  1.03(0.99,1.07)
Br-THMs
S — DA gL SR Z R4 SR SR SR R4
UM% 1.02(0.96,1.08)  1.02(0.96,1.08)  1.07(0.98,1.17)  1.07(0.98,1.17) 0.97(0.91,1.05)  0.97(0.91,1.05)
B0 i% 1.02(0.96,1.08)  1.02(0.96,1.08)  1.03(0.95,1.12)  1.03(0.95,1.11) 1.02(0.91,1.14)  1.02(0.91,1.14)
SR 1.02(0.95,1.11)  1.03(0.96,1.11)  1.03(0.93,1.14)  1.03(0.93,1.14) 1.03(0.91,1.18)  1.04(0.92,1.19)
P-trend 1.01(0.98,1.03)  1.01(0.99,1.03)  1.01(0.97,1.04)  1.01(0.97,1.04) 1.01(0.97,1.01)  1.02(0.97,1.06)
TTHM
S — DU EL S84 il SR ZRA Z R4 R4
B 1.06(0.99,1.12)  1.06(1.00,1.12)  1.04(0.94,1.14)  1.04(0.95,1.14) 1.04(0.95,1.15)  1.04(0.95,1.15)
B 1.05(0.98,1.12)  1.05(0.99,1.12)  1.08(0.99,1.17)  1.08(1.00,1.17) 1.04(0.93,1.17)  1.05(0.94,1.17)
SV 0.98(0.93,1.04)  0.99(0.94,1.04)  0.99(0.91,1.07)  0.99(0.91,1.08) 0.99(0.90,1.09)  0.99(0.91,1.09)
P-trend 1.00(0.98,1.01)  1.00(0.98,1.02)  1.00(0.97,1.03)  1.00(0.97,1.03) 1.00(0.96,1.03)  1.00(0.97,1.03)

B 1 T AERS PER BlR BE R RN L I AT SRR L OB DR R R A, B 2. s
FET 1 S A RS X BMI(<18.5,18.5~ <25 25~ <30 M1 =30) #:4T 1 J#4&
* P<0.05; ** P<0.01,

FIAZE S , RIS 5 (BMI=30) i
TP 200 25 3k 4 s, EERE R AL,
THM 5 TSH Z [ AN FETEGe 5 G 0K ; M 7E 10
ZHr, TCM ,BDCM ,DBCM , Br-THMs 1 TTHM #
PIESE A In-TSH a2, #bERI 4l )m , 78

BLWHP PG T —HAHy45R, B THM 7E A

= o3
HE & 552

#rh 5 TSH AP m R E A, 750 THM S5
JHEFIAE JHE 5 FOIR AR )
KR, ZE 5 T THM FE 35 IE e Y XURS: (OR = 1.216,
95%CI;1.07 ~ 1.37,P<0.05) ; AE JpE 5 HUR IR h g <2
I (P>0.05)

BAPEFT Logistic [\

4R BKOE S ORI A2 14 7
Table 4 Associations between plasma trihalomethanes levels and thyroid function
Bt ELi Utk

AR OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI)

JENERE HE e JENERE N JEAERE JERE

(n=3302) (n=1856) (n=1843) (n=921) (n=1458) (n=936)

TCM
S— P53 4 4l Z A Sl Sl Z A 4
ORI, iR d 1.01(0.93,1.10)  1.04(0.96,1.13) 0.99(0.90,1.10) 1.10(0.96,1.13) 1.10(0.97,1.25) 0.96(0.85,1.09)
EORNUIG) X8 1.06(0.97,1.15)  1.13(1.03,1.25) " 1.02(0.91,1.15) 1.16(1.03,1.25) *  1.06(0.95,1.19) 1.00(0.88,1.14)
EAUNUT RS 0.94(0.88,1.00)  1.01(0.92,1.11) 0.95(0.85,1.05) 1.09(0.92,1.11) 0.93(0.93,1.05) 0.98(0.85,1.14)
P-trend 0.98(0.96,1.01)  1.01(0.98,1.05) 0.99(0.95,1.01) 1.04(0.98,1.09) 0.98(0.94,1.02) 1.00(1.00,1.01)
BDCM

H— DU AL
EE I A
ARG R
S50 Y 4 A
P-trend

1.02(0.96,1.08)
0.97(0.89,1.06)
0.97(0.90,1.04)
0.99(0.96,1.01)

S HRY
1.04(0.95,1.14)

1.16(1.04,1.29) *

(
1.06(0.99,1.14)
(

1.03(1.01,1.06)

0.94(0.87,1.02)
0.94(0.86,1.04)
0.93(0.84,1.04)
0.98(0.94,1.02)

0.96(0.83,1.10)

1.11(0.98,1.26)

1.05(1.01,1.10) *

(
1.19(1.01,1.40) *

(

(

SR
1.08(0.97,1.21
0.98(0.83,1.16
1.01(0.89,1.14

)
)
)
0.99(0.95,1.03)

S Y
1.09(0.97,1.23)
1.12(0.97,1.30)
1.04(0.92,1.19)
1.02(0.97,1.07)
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Bt HE /g
5l OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI)
JEAE JEfE JEAE JEAE JEAERE JIE fie
(n=3302) (n=1856) (n=1843) (n=921) (n=1458) (n=936)
DBCM
B 5L SRl Z R4l 2 Z R4l Z R4 Z R4l
5B AL 1.06(0.97,1.15)  1.14(1.01,1.28) *  1.08(0.97,1.15)  1.25(1.07,1.46) **  1.02(0.91,1.14)  1.03(0.91,1.18)
5= A AL 1.00(0.94,1.07) 1.15(1.05,1.27) ** 1.04(0.94,1.07)  1.13(0.97,1.31) 0.99(0.89,1.09)  1.19(1.07,1.33) **
S5 00 P9 A AL 1.05(0.96,1.16) 1.13(1.03,1.25) *  1.01(0.96,1.16)  1.04(1.04,1.40)"  1.10(0.92,1.32)  1.05(0.93,1.18)
P-trend 1.01(0.98,1.04)  1.04(1.00,1.07) ** 1.00(0.96,1.04) 1.05(1.00,1.10) *  1.03(0.97,1.08)  1.03(0.99,1.07)
Br-THMs
S — DA gL Z R4 Z R4l SR ZIR4 Z R4 SR
oL VR 1.01(0.95,1.07)  1.03(0.93,1.15) 1.07(0.97,1.18)  1.10(0.91,1.31) 0.94(0.86,1.03)  1.04(0.92,1.18)
BP0 0.96(0.88,1.04)  1.13(1.03,1.24) ™" 0.99(0.88,1.11)  1.13(0.98,1.29) 0.96(0.84,1.10)  1.15(1.00,1.33) "
S5 0 DU 431 4L 1.00(0.91,1.10)  1.08(0.99,1.17) 0.98(0.86,1.11)  1.14(1.00,1.30) *  1.03(0.88,1.22)  1.04(0.90,1.20)
P-trend 1.00(0.97,1.03)  1.03(1.00,1.06) ©  0.99(0.95,1.03)  1.04(1.00,1.09)"  1.01(0.96,1.07)  1.03(0.98,1.07)
TTHM
S — D0 gL 2841 284l 2R 24l SR Z R4
LD, SR 1.06(0.99,1.13)  1.06(0.94,1.19) 1.00(0.89,1.12)  1.12(0.95,1.32) 1.11(0.97,1.27)  0.94(0.95,1.32)
o = DA AL 1.00(0.93,1.08) 1.16(1.04,1.29) ** 0.99(0.89,1.10)  1.28(1.11,1.47) " 1.05(0.91,1.21)  1.05(0.88,1.25)
1.01(0.93,1.09) 0.94(0.85,1.05)  1.07(0.94,1.21) 1.02(0.89,1.16)  0.94(0.83,1.06)
(

P-trend 0.98(0.96,1.01)  1.02(0.99,1.04)

0.98(0.95,1.02)

1.04(0.99,1.08) 1.00(0.96,1.05)  0.99(0.95,1.04)

(

(
Ui 0.97(0.91,1.03)

(

p

RERLPERE ARG M) R BRI AT IR LE LT AT T S AR | L W B R A

P<0.05; " P<0.01,

3 W i

TEMEWT IR 55 2 5 %) BRE (4 R IR 10, 28 T 22 2 1)
TS F I, SERAT I8 S AN AT AT, AR
TEAEWTIR T B 5 0] (6 R A9 52 W) 5 THD &4 1 H AR
FHEY 5 = 0 2l W 5 P 0 5 A 28 Y
FEERE AR A (XA Y)
7 DU T3 77 R A TS A 81 1) B O R A T
BT HA T APRE B AR R (X)) B PR AR
B2 AR (YY) RO FEAS ) 2 =8 AR iR AR Y
R (X RE-Y) FERATI BB IR A A
R UCRA ARG 0 A o, 52 00 R 2R3
I AR LA S DR R AN 58 FE RO RE T o, PR AR 2% I
FR IR E2ME XOR Y, B LA 20U X6 TR 4% DR 3% 9 2 ik
| se, DLERAS X MY Z 1) PR 000 1Y TG O At
THET AN, AL I (XX HEHL—Y) #0
HABAFERADIIREE) A, EREH X Y
SRR, X SHEHL AL R AR AT e AE X—Y K
Fa L i 22 S0 8 5 L IE A BRSO kR AR
fAF i) — 28 25 44 1] AL 35 < A IR T A R Y B
“REREAF IR 2 SR T LG4 T PN 2 B

SEMA A6 = AR T A T AN Y 1R R B0 2 A
TESfEE SR, Y E e 4 h Ao A8 1 04 s ) 3 AN
HIBA A B AR R TR 24 R e &/ R B
AR

AWFFESRIE T HCREAE THM %% 52 F0 IR IR 2 BE
PREfAT 5T v i 2 2 VE . 3E 3 A3 M R R IS R T S
THM 2 5% 5 HUIR R ) 8 B g OCHK Y ] =85 40 & 3,
AP N AR R 38 S 2 i R S BIR 2% IR R b4 T ]
BE S TH BRIV (BB A 7] BBV T AR R A
R 2R N PRV S A DR SR s A2 Y« R e 2 ™ B 4y
IR, T BE 2 5 SO LA 1 3 R O 22 78
SRR A OR . B, 7E 20 B THM 25 58
FTHUIR R DB A 52 2= HI BT, 1 8 A5 % R e 52
A A VTR R T A JH 000t 0 A 7 R A B S SR AR AR
M4 . HAmillE: BMI A1 THM ZK-F- Rl Ge4 B T 1)
HH 2 8 55 P AR S 2 (] g e [ G %, (AT 7 2R
FHIE S Ge T A e g >

AW AEVHEE BMI J5 %A & B THE B 52 5T
PEAE A, BMI 7F %% 58 — 245 R OCHE th T BB A J& — 1> i
FURRZ R . A BMI 432 )5, BE 4L Ak
NERELE I RONAG THE A AE R K 25 7, H 2 AR i 15
O A TS BMI &AL &, b,
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713 IO 8 I LA 31 == g FR e o FRER Ji 20 BE 4 52 e 109

BMI AJ fig 2 — kA SR A R R0, WA A7
T H A A 52 4 i () 575 =A% f | )7 R B AS 40 2 40
BT HP LS 21 4 7 76 S5 oM ATS T BB X R ML 20 J 2 O 7T
B0 3 R0 22 169 7 1) e B X LA ST
i T7£ NHANES %di i, THM F1 BMI 34 ] LA
15 5FHURIRDIRERAG Z 52T, B, R BEHERR
JEHA T BRI LB AR B AR B R AR DGR

S RS R P TR 2 AL s R A VR R T
IEBRINI THM 288 5 FF R IR 2 R Fi i 22 ] 19 DG 35k
FOCHE FEME AR F A 1A T e R 25 X BF 5 AR s
TP 20, QSRR EAR A 1] BSR4 BR (1) R SRk 12
(A, BSOS B 3 RO B A T A R 2 AT, DR R
REE JZ2 R 5 A T 1T BE AF A R 25, I A
THM FIAE JHE: (8 5 U T PR TG AN 2 3 R > A8 i AR B
(BN AT REFE P A i R R k2 A0 IR
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