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(5] 28KEY (PFAss) B—XEEBRATEHHNANENLEY). WA KEA PFASs
BERDRTIRN, cEMEHENRS, EFFPRERRIAITRFRARD.

[EfY] Rit 12~20 % ABf PrASs RS HIMB M ME K FEINEER,

[7575] ZAARETFEEERERSEFIAZE (NHANES) BIAFFEIE (2013—2016 £F) , 1EEX
1220 % ABREETEB AOZRE S 10 #1155 PFASs [EFEE 5% PFOA (n-PFOA) . S25% PFOA
(Sb-PFOA) . EL 5% PFOS (n-PFOS) . 2 5% PFOS (Sm-PFOS) . £ & X (PFDeA) . 2R C kR
(PFHXS) « 28T (PFNA). 2- (N- B E 2 FFIREFRE) ZB (Me-PFOSA-ACOH) . £
+—8 (PFUA) . 28+ F8 (PFDoA) ], 3T [B1EM TR (£2). 2 (1) MEHRE
AE A (SHBG) ] ¥R AEE (n=682) » I35 PFASs FIM = ) B A SRR & 1 i S B¢
%, RIEEIE BRI BB AT R WM AR, H3IRBMS. FRMNMHEETHE, &
BZ & ERIIEE S PrASs RESMBEKFEZ BN X R,

(4552 ] 6821 12~20 S ARSI RS, B 3591 (52.6%) , FIYEM N (15.8342.44) 5 ; &
%3231 (47.4%) , FIPEUR T (15.7442.49) % 57 PFASs (n-PFOS. n-PFOA. PFNA. PFHXxS.
Sm-PFOS) 16 H #3553 100% (99.7%~99.9%) , ELJX /3 PFDeA (62.0%) , E 5 4 Fh PFASs 331%
F50% ;10F PFASs F1, n-PFOS RERE (THFKE) Pusims (2.20pgL) , EIRE n-PFOA
(1.30pgLY), EERPrASs iKE R AIZCERE 9 0.07~0.90ug L% HAEREXRAEZFEAM, £8
M n-PFOARE S E2 3R E 2 M AEX (b=-0.13, 95%C/ : -0.26~-0.003) ; IREWPERF,
PFHxS 7 16~20 % A 5 E2 £ $1 #8 % (bh=-0.09, 95%C/ : -0.17~-0.01) , (£ 12~15F AR 5
SHBG £ fa 18 % (b=-0.09, 95%CI : -0.17~-0.004) ; fE L M : n-PFOA. PFHXS. Sm-PFOS 5
SHBG 2 f#H* (b=-0.18, 95% CI : -0.29~-0.07 ; b=-0.09, 95%Cl : -0.16~-0.01 ; b=-0.12, 95%
Cl:-0.22~-0.02) ; REWHDER, X 16~20 AL PFHXS 5 SHBG E1#8% (b=-0.11,
95%C/ : -0.21~-0.003) , PFDeA 5 T 21EH% (h=0.12, 95%C/ : 0.02~0.23) o

(451 ] R PrASs REEFI SR B HEHIEMENKFHRME, KRIMAEBE 2 KFEREX,
5%t sHBG K FE2HMAX, BE 16M20 5 FIBRBMNV EZ,

XA 2RAEY ; HHER ; FFH ; XEERBRESEFHE

Exposure to per- and polyfluoroalkyl substances in relation to serum sex hormones levels
among American populations aged 12-20 years WANG Zi-xia’, YAO Qian’, QIN Kai-li*, SHI
Rong', GAO Yu', TIAN Ying"? (1.Department of Environmental Health, School of Public Health,
Shanghai Jiao Tong University School of Medicine, Shanghai 200025, China; 2.MOE-Shanghai Key
Laboratory of Children’s Environmental Health, Xinhua Hospital Affiliated to Shanghai Jiao Tong
University School of Medicine, Shanghai 200092, China)

Abstract:

[Background] Per- and polyfluoroalkyl substances (PFASs) are a class of artificially synthesized
fluorinated organic compounds. Recent studies have found that PFASs have endocrine
disrupting effects and can affect the homeostasis of sex hormones, but there are few relevant
epidemiological studies on puberty.

[Objective] This study is conducted to explore the associations between serum PFASs and serum
sex hormones among adolescents aged 12 to 20 years.
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[Methods] This study was based on the public online data of the National Health and Nutrition Examination Survey (NHANES) (2013—
2016). A subset (n=682) of populations aged 12-20 years that had data on demographic information, linear PFOA (n-PFOA), sum of
branched isomers of PFOA (Sb-PFOA, branched PFOA isomers), linear PFOS, (n-PFOS), sum of PFOS isomers, (Sm-PFOS, monomethyl
branched PFOS isomers), pefluorodecanoic acid (PFDeA), perfluorohexane sulfonic acid (PFHxS), perfluorononanoic acid (PFNA),
2-(N-methyl-perfluoroctanesulfonamido)acetic acid (Me-PFOSA-AcOH), perfluoroundecanoic acid (PFUA), perfluorododecanoic acid
(PFDoA), estradiol (E2), testosterone (T), and sex hormone binding globulin (SHBG) was used. Serum PFASs and sex hormones were
measured using high performance liquid chromatography coupled with tandem mass spectrometry, liquid chromatography-tandem mass
spectrometry, and enzyme-linked immunosorbent assay respectively. Associations between PFASs and sex hormones were assessed using
multiple linear regression models stratified by sex, age, and race.

[Results] Among the 628 participants aged 12-20 years, 359 were males (52.6%) averaged (15.83+2.44) years old, and 323 were females
(47.4%) averaged (15.74+2.49) years old. The detection rates of five PFASs (n-PFOS, n-PFOA, PFNA, PFHxS, and Sm-PFOS) approached
100% (99.7%-99.9%), followed by PFDeA (62.0%), and the other four PFASs were all below 50%. The median exposure level of n-PFOS
was the highest (2.20 ug-L"), followed by n-PFOA (1.30 ug-L™), and the remaining PFASs varied from 0.07-0.90 ug-L™. After adjustments for
potential confounders, in males, exposure to n-PFOA was negatively associated with E2 (b=-0.13, 95% Cl: -0.26--0.003); when stratified
by age, PFHxS was negatively associated with E2 (b=-0.09, 95% C/: -0.17--0.01) in the group of 16 to 20 years old, and negatively
associated with SHBG (b=-0.09, 95% CI: -0.17--0.004) in the group of 12 to 15 years old. In females, n-PFOA (b=-0.18, 95% CI: -0.29--0.07),
PFHxS (b=-0.09, 95% CI: -0.16--0.01), and Sm-PFOS (b=-0.12, 95% CI: -0.22--0.02) were negatively associated with SHBG; when stratified
by age, only in the group of 16 to 20 years old, PFHxS was negatively associated with SHBG (b=-0.11, 95% CI: -0.21--0.003), and PFDeA
was positively associated with T (b=0.12, 95% CI: 0.02-0.23).

[Conclusion] Exposure to certain PFASs may be associated with decreased sex hormone levels in puberty, such as lower E2 in males and
lower SHBG in females, and these effects are strongest in the 16-20 years age group.

Keywords: per- and polyfluoroalkyl substance; sex hormone; puberty; National Health and Nutrition Examination Survey

28 EY (per- and polyfluoroalkyl substances,
PFASs) @ — X FEHA TGN BRENNLKEY.
PFASs E B ROF IR EE M M B KER B, T2
BFIfMsElhY, AMEEBEETS. KA B
Y. KEZMEREMPASP, ATESHFR
EMFMEMERM, PFASsT ZFE TR EMK
B, WIRERABERREYSTERMERY, #R
B EZ L MR AL 1L F Prass B & 7=, 2009 &
5 8M2019F 5 A, (X FHAMENSREYNEE
BRERL) BB & F5eiEER (perfluorooctane
sulfonate, PFOS) M EHE XK, 2 FEEMEAN 2R
B2 (perfluorooctanoic acid, PFOA) R E 2, L&
HEXMEMIINEEHHEFP , REFEFRPE (F)
HWF2013F8BRHEAE, B2014F3H 260k,
2t pros REZEMe R FEBE AR TR EM
OB RABRIMNVERS. B, FREMEEOY, RE
gnitk, BEKHRTR BBIEIRIE M AE WA I BT PFASs ) {0 2
TEEDESIMEMABRRRNZ2RE,

MERITIRF IR PFASs BB XTI AMAME 14
BEREENEETRERY., $ETEEHLTHRE
AEHSBMER", BMBEREETERABIERX
ESMALNEKNEEEXEENERY, 558
PFASs REEXT MEM M ENEMEFTERXF. BA
PFASs RN B HEMEAEREFMNMEXARER DA

ZWATL—H, Tsai F WV EERESTHIX 12717 %
FE (n=95), (RIELMH &I PFOS. PFOAEE S
55 £ Fd (testosterone, T). MBEM B ELEEEH
(sex hormone binding globulin, SHBG) 7K £ fitHx
X% ;M zhou F M EIMEIE 13~15 5 FVE (n=225)
FR, FEE PFASs RERYIE N, 5214 miE T KFEZFH
PR, 7B — B2 (estradiol, E2) KX AR MM, B
EEMHPRXEKEANEE, XRTKESEHNMAR
BERTTE—H, BRI PFASs X B ENF
WIER. ZERIXTEBTHPFASSEBESMHEK
TZEIXANMAFT D FRE/N XIFE—, KR
X 2013—2016 FEEEXKRRMEFEZE (National
Health and Nutrition Examination Survey, NHANES) AY
12720 5 ABENA R R, R 12720 5 ABf PFASs &
BSMEMHEZEIXR,

1 WREFE
1.1 HRIR

Z Bt 53 1 F NHANES B9 22 FF 208, NHANES @ —
DUEMEIAZE, HEERRMFRSESIFRONERT
E 41RO E TR, NHANES KD B Z M ERImiEIRiT,
LIRS EERE BMNARMEREZA, TR BEEAMER
AR EFEPREBIFRA [(BRBENEEE (JEH
LN EEHMAREFERA) ], EEEREH
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BAL, MBEEERAL, BREETRARMERA, Z
HERETEXEES AORRERMEFIRTHY
LEARMEEIE, 2RAR DT NHANES FiZH T
MEMRRE NS S/ 2013—2014, 2015—2016 i
R EIE, MARENRE BB M PFASs. E2. TR
SHBG 12U #HERY 12~20 5 A B¥ (n=758) ; HEFRIAZERY
MRz (n=2), AREIBHEIRREIAEE (n=8),
NS RRELLEEIRRIIARE (n=76) ; REE
682 FIXT RA NI Fo NHANES RS T EEER B4
FTPLEBEHEZRSNRE, HRETHESS
ENRIBRE.
1.2 NHANESHZ=R A
121 #HEEE RN KREZSFINEERNE
STEZAEEE, BEATEEREWRAN. MK
Fe. MANFER. MASAREZLEZRHKE (K
PN BANBRUBAEEMRIENRRESL (EERE
FRHARSEHIE) RIFHILLE 2,
122 HIEINE HRUKNEE. AEEZIEHI
NBERARARTEZDRIE P OFERATWIZRMNIK
&, REERBANRERUS ST, BRE/NES
fE—1ir ",
123 LEEGIN ABMBEF ARG IE, FiEH
BIX B EE RIS S TR O#T oM. RSN
RIEBIERIEREE. RIEBIERIERKES5MHEKSE
BRMEED B NILE R A. PrASs R v,

ZANFR ST A 10 F PRASs 43510 B 5% PFOA (linear
PFOA, n-PFOA). 3 5% PFOA (sum of branched isomers
of PFOA, Sb-PFOA). K #% PFOS (linear PFOS, n-PFOS) .
3% 5% PFOS (sum of PFOS isomers, Sm-PFOS) . £
Z 2 (pefluorodecanoic acid, PFDeA). £ & C ¥ &
2 (perfluorohexane sulfonic acid, PFHxS). & @& T B8
(perfluorononanoic acid, PFNA). 2- (N- B R & 3F ek
BERRE) Z B8 [2- (N-methyl-perfluoroctanesulfonamido)
acetic acid, Me-PFOSA-AcOH]. £ & + — B8
(perfluoroundecanoic acid, PFUA). £ & + — &
(perfluorododecanoic acid, PFDoA) , ¥ i [R5 7
0.1ugl? ; THYH PR 79 0.075 ng:L?, E2 BV G H BR 9
2.994 ng:L™", SHBG 8944 i PR /9 0.800 nmol-L?, fF#&
HIRAVNIMEFERREIR /2 K&,
1.3 SRitESH

K FA SPSS 18.0 BN X BE#H 1T & H K 73 4o B
RITRPFASSHIE M E AN RS 2, FROED ML

(Pass Pson Prss Pos) JLAAIXI 3L, SEE (R/NME~ &R K
B) BHRED KT AOFEESEIEFER. KEIE
. M. MASRERELILE. METERRE.
NFHAELTE, FRYMPEEHITER ; X4
FRELE, ABSLHITHER,

K 79 ZB 53 PFASs RIS H IR (<60%) , FElItL 53
MY FR F n-PFOS. n-PFOA. PFHxS. PFNA. Sm-PFOS #/l
PFDeA. HHTF PFASs SHERZEMED T, EXTEENL
B#ETHN, REZT&MERAEES 127205 A
BEPFASs RE S M HEKFENEHK R, KIBEEEFELR
Bk, FER. AEIEER. ik, MANSAREL
EbE. AR BEMREERRERMNDFEE b=,
RAMEEKFEFEEEINES, RIBESIXTABHT
D, HEZUFNARHITERD B. ZEEIMEME
=500 PFASs BB E KT, RIBLUEE Y,
XYW F IR FHIT D B Do KA Mann-Whitney 3E
BEREIITZDBEANEEPFASs REBENERY,
LKA a=0.05 (M) o

2 4
2.1 BRER

62 BRI RA, B394, &552.6%, F
HER A (15.8312.44) %, FIYREIEE M (25.01¢
7.04) kg'm?; Z 3236, H47.4%, FIHFEW A
(15.74+2.49) %, FIGIREIEENT (24.70£6.07) kg:m?
HtAOFEBIFELE L

#&1 2013—2016 5 NHANES 12~20 % ABH—RRAOFEL
Table 1 Demographic characteristics of 12-20-year-old
populations in NHANES 2013—2016

TE BA (n=682) FE (n=359) % (n=323)
Variable Population Male Female

FHe /% (Age/years) (xts) 15.79+0.09 15.83%2.44  15.74+2.49

REHEE/ (kgm?) (xts)

Body mass index/ (kg:m?) (x+s)

& (Race) [n (%)]
EFEFEEEA

Mexican American

BEIFEIEEEA
Other Hispanic

FEBFFEA

Non-Hispanic White

FEEFHERA

Non-Hispanic Black

HthgR i

Other races including multi-racial
WNEREELLE (xts)

Income-to-poverty ratio (x+s)

BT REIREE / (nel”) (xs)

Serum cotinine concentration/ (ug-L") (xs)

24.86+0.25 25.01+7.04 24.70%6.07

152 (22.3%) 83 (23.1%) 69 (21.4%)

79 (11.6%) 35 (9.7%) 44 (13.6%)

200 (29.3%) 116 (32.3%) 84 (26.0%)
141 (20.7%) 72 (20.1%) 69 (21.4%)
110 (16.1%) 53 (14.8%) 57 (17.6%)

1.96+0.06 1.94+1.49 1.99+1.49

12.60+1.87 17.26%56.31 7.42+38.43
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2.2 IMi&EH PFASs M EMEIRE

M5 # PFASs 2 M Z B H R RORE (X
REREZTRANRE) 1F IR 2, 7105 PFASs H,
BeMiHE1E60% L L, 9357 n-PFOS (99.9%) «
n-PFOA (99.9%) . PFNA (99.9%) . PFHXS (99.7%). Sm-
PFOS (99.7%) « PFDeA (62.0%) . 3 Fh 1% B &= T. E2.
SHBG FY 1 H & 43 51 9 100.0%. 96.8%. 100.0%, EH
MmEREBLAYES 579 9.38 ng-L™ 30.09ng:L"
39.42nmol-LYs BLMRI D ERG, PFASs I BERE

JFI13R 3, BRPFDeA db, 5B I4A[8] PFASs R ZR 7K
FHESYBERITFEEN, BB PFASs B9LAI39%K
KEME T M (P<0.05) ; ERAE, (NMETHK
EeTL (P<0.05). #B—FFERIERL, B
REIERERIE] PFASs (BRPFNASN) MMBERKTEER
WERITFEEN, B1620% A% 12~15 % 2H PFASs
KM ZE KT (BRsHBG IM) &E (P<0.05) ;M MEH,
FEURERIBY T, 2 KFERBRITFERN (P<0.05),
MR A& PFASs 1 SHBG /K FIER B F R B FEE R

X2 2013—2016 % NHANES 12~20 % ABf PFASs &M RIG HERIRE (n=682)
Table 2 Positive rates and serum concentrations of PFASs and sex hormones of 12-20-year old populations in NHANES 2013—2016 (n=682)

TE n (Ko H=E /%) JUEISER (& ME~ |RA(E) a3 i# (Quartile)
Variable n (detection rate/%) Geometric mean (minimum~maximum) Pas Pso Pys Pss
PFASs SR / (ug-L™) [Concentrations of PFASs/ (pg-L™)]
n-PFOS 681 (99.9) 2.23 (0.07~33.00) 1.50 2.20 3.30 6.60
n-PFOA 681 (99.9) 1.30 (0.07~9.70) 0.90 1.30 1.80 2.90
PFNA 681 (99.9) 0.52 (0.07~8.00) 0.40 0.50 0.80 1.40
PFHxS 680 (99.7) 0.96 (0.07~27.80) 0.60 0.90 1.50 4.00
Sm-PFOS 680 (99.7) 0.79 (0.07~4.00) 0.60 0.80 1.20 2.00
PFDeA 423 (62.0) 0.12 (0.07~2.20) 0.07 0.10 0.20 0.40
Me-PFOSA-AcOH 297 (43.6) 0.12 (0.07~2.00) 0.07 0.07 0.20 0.50
PFUA 141 (20.7) 0.09 (0.07~1.70) 0.07 0.07 0.07 0.30
Sh-PFOA 79 (11.6) 0.08 (0.07~1.00) 0.07 0.07 0.07 0.10
PFDoA 65 (9.53) 0.08 (0.07~0.60) 0.07 0.07 0.07 0.20
M2 E [Concentrations of sex hormones]
T/ (ngl) 682 (100.0) 9.38 (0.48~146.00) 2.58 6.31 39.90 66.02
£2/ (ng'L™) 660 (96.8) 30.09 (2.11~489.00) 16.88 27.85 53.73  196.70
SHBG/ (nmol-L™") 682 (100.0) 39.42 (6.93~473.00) 25.51 39.03 59.18  106.33
[F] % PraSs B9G PR 79 0.1 pg L, TEVRGH PR/ 0.075 ng-L", E2 B94G HIFR 9 2.994 ng-L?, SHBG AYH: PR 9 0.800 nmol-L?, 1T MIBRAYEII L

KR /2 A&
[Note] The limits of detection (LODs) of PFASs, T, E2, and SHBG are 0.1 pg-L™, 0.075 ng-L*, 2.994 ng-L*, and 0.800 nmol-L™ respectively. When the
concentration is below the LOD, the LOD divided by the square root of two is used.

3 2013—2016 4 NHANES 12~20 % ABHZM 515 B PFASs MR KFEDHIENR [JLAIIEL (Ps~Pss) ]
Table 3 Serum concentrations of PFASs and sex hormones by sex groups in 12-20-year-old populations in NHANES 2013—2016
[geometric mean (Pas-Pss)]

. B (Male) 7% (Female)
V:Eie HUK (n=359) 12~15% (n=174) 16~20% (n=185) BIK (n=323) 12~15 % (n=149) 16~20% (n=174)
Total 12-15 years old 16-20 years old Total 12-15 years old 16-20 years old
PFASS SREE / (ng-L”)
Concentrations of PFASs/ (ug-L™)
n-PFOS 2.53 (1.70~3.60) 2.17 (1.40~3.20) 2.93 (2.10~4.10) ° 1.93 (1.30~2.70) ° 1.81 (1.25~2.65) 2.04 (1.30~2.75)
n-PFOA 1.46 (1.10~1.90) 1.33 (1.00~1.70) 1.59 (1.20~2.10) ° 1.14 (0.80~1.60) ° 1.17 (0.80~1.65) 1.11 (0.80~1.60)
PFHxS 1.15 (0.70~1.80) 1.03 (0.60~1.40) 1.28 (0.85~2.00) ° 0.79 (0.50~1.30) ° 0.78 (0.50~1.30) 0.80 (0.50~1.30)
Sm-PFOS 0.94 (0.70~1.40) 0.79 (0.60~1.10) 1.11 (0.80~1.60) ° 0.66 (0.50~1.00) ° 0.63 (0.50~0.95) 0.68 (0.50~1.00)
PFNA 0.58 (0.40~0.80) 0.56 (0.40~0.80) 0.59 (0.40~0.80) 0.47 (0.30~0.70) ° 0.47 (0.30~0.70) 0.46 (0.30~0.70)
PFDeA 0.13 (0.07~0.20) 0.12 (0.07~0.20) 0.14 (0.07~0.20) ° 0.12 (0.07~0.20) 0.12 (0.07~0.20) 0.13 (0.07~0.20)
Concentrations of sex hormones
T/ (ngl?) 30.93 (23.60~52.00) 21.72 (15.88~45.50) 43.13 (33.85~57.15) °  2.49 (1.84~3.40) ° 2.23 (1.71~3.02) 2.74 (2.00~3.64) ©
£2/ (ng'L™) 16.51 (12.70~26.90) 11.62 (9.06~20.85) 22.95 (18.45~30.05) ° 58.66 (32.70~121.00) ° 52.42 (30.25~97.70) 64.60 (35.85~133.75)

SHBG/ (nmoI‘Lrl) 31.47 (21.86~44.79) 35.45 (23.88~51.97) 28.13 (20.04~39.11) ° 50.64 (33.16~72.64) °  49.17 (32.01~71.59) 51.93 (33.30~75.27)
[7E] & PrASs B9 HBRIY 79 0.1 pg L, THIRQ R 79 0.075 ng-L ", E2 B9KG HI R 2.994 ng-L*, SHBG HYAE LR 79 0.800 nmol-L?, {12 MBRAV(ES A
TR /2 8& a 1 SB4%4ELE, Mann-Whitney JEBERICLE, P<0.05 ; b : 512~15 F BMARLL, Mann-Whitney IEBE1058, P<0.05;¢c: 5
12~15 Z LB, Mann-Whitney IES 2108, P<0.05,
[Note] The limits of detection (LODs) of PFASs, T, E2, and SHBG are 0.1 pg-L™, 0.075ng-L?, 2.994 ng:L*, and 0.800 nmol-L™ respectively. When the concentration
is below the LOD, the LOD divided by the square root of two is used. a: Compared with males by Mann-Whitney Test, P<0.05; b: Compared with males
aged 12-15 years old by Mann-Whitney Test, P<0.05; c: Compared with females aged 12-15 years old by Mann-Whitney Test, P<0.05.
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2.3 [ PFASs 54K EEE XM b=-0.09, 95%C/ : -0.16~-0.01, P<0.05 ; b=-0.12,

EEMR, nPFOAS B2 251/8% (b=-0.13, 95%C/ :  95%Cl : -0.22~-0.02, P<0.05) ; H—F EWHER,
-0.26~-0.003, P<0.05) ; £ D E G, n-PFOASE2  n-PFOARE 5 SHBG K FHI At X X R H 55, BIK
HRMEXXARRTE, RIWN 167205 HAn-PFOASE2  RILA 127155, 16705 FIREZEHEHNAHEXX
HAEXXRBOTERITFERENX (b=-012, 95%C : HRWFEBERITFEENX (P=0.05), F I, PFHxS7E
-0.24~0.001, P=0.05) , tt9M IR LI PFHXSTE16~20%  16~20 5 FHEEL 5 SHBG EfEX% (b=-0.11, 95%C/ :
b 52 2 A HEX (b=-009, 95%C : -0.17~-0.01, P<  -0.21~-0.003) , PFDeATE 16~20 % FE IR EX 5 T = 1E4H
0.05), £12~15% A H 5 SHBG £ A #H X (b=-0.09, % (b=0.12, 95%C/ : 0.02~0.23) ; E X FMEHIYFR
95%Cl : -0.17~-0.004, P<0.05) ; KA UPFASSBEE AWMEF—HPrASsEESR2MNEXMYESRITER
S5TEERITE LERMN, 1EIE 4 Xo &S,

£ M, n-PFOA. PFHxS. Sm-PFOS 7K £ 5 SHBG MR B ER KR (http://www.jeom.org/
KEZ X (b=-0.18, 95%Cl : -0.29~-0.07, P<0.05;  article/cn/10.13213/j.cnki.jeom.2020.20238)

&4 2013—2016 4 NHANES 12~20 % B4 AB£MiE PFASs S1HEZEKTRIXKEL [b (95%Ch) ]
Table 4 Associations between serum PFASs and sex hormones in 12-20-year-old males in NHANES 2013—2016 [b (95% CI)]

T E2 SHBG
T
Variaple B (n=359)  12+15% (n=174) 16~20% (n=185) B (n=359) 12~15% (n=174)  16~20% (n=185) B4 (n=359) 12~15% (n=174)  16~20% (n=185)
Male 12-15 years old 16-20 years old Male 12-15 years old 16-20 years old Male 12-15 years old 16-20 years old
n-PFOS  -0.03 (-0.16~0.10) -0.18 (-0.42~0.07) -0.02 (-0.07~0.10)  -0.02 (-0.12~0.09) -0.03 (-0.21~0.15) -0.06 (-0.17~0.04) 0.03 (-0.05~0.10) -0.03 (-0.14~0.08) 0.06 (-0.03~0.16)
n-PFOA  -0.06 (-0.27~0.06) -0.09 (-0.41~0.24) -0.06 (-0.16~0.05)  -0.13 (-0.26-0.003) = -0.10 (-0.34~0.13) -0.12 (-0.24~0.001) -0.05 (-0.14~0.04) -0.03 (-0.18~0.11) -0.09 (-0.19~0.03)

PFHXS -0.02 (-0.12~0.09) -0.06 (-0.25~0.12) -0.04 (-0.11~0.04)  -0.02 (-0.11~0.06) -0.003 (-0.14~0.13) -0.09 (-0.17~-0.01) ©  -0.03 (-0.09~0.02) -0.09 (-0.17~-0.004) * 0.01 (-0.07~0.09)

Sm-PFOS  0.03 (-0.12~0.18) 0.12 (-0.17~0.41) -0.02 (-0.12~0.08)  -0.01 (-0.13~0.11) 0.10 (-0.11~0.31) -0.08 (-0.19~0.04)  0.0003 (-0.08~0.08) -0.12 (-0.25~0.01) 0.06 (-0.05~0.16)
PFNA 0.02 (-0.10~0.16) 0.06 (-0.17~0.28) -0.02 (-0.12~0.07)  -0.03 (-0.14~0.08) -0.04 (-0.21~0.12) -0.03 (-0.14~0.09) 0.01 (-0.060.08)  0.05 (~0.05~0.15) -0.07 (-0.17~0.04)
PFDeA  -0.02 (-0.15~0.10) -0.10 (-0.34~0.14) 0.03 (-0.05~0.11) -0.003 (-0.11~0.10)  -0.02 (-0.19~0.15)  0.01 (-0.09~0.10) 0.003 (-0.07~0.07)  0.02 (-0.09~0.13) -0.02 (-0.11~0.07)

U] b REVAREL, Rin1g (PFASs) B 1 SAIIEBERKEXMMFEINE S, SADFIFE T EI0. KREIER. Mik. WANSRERLIE.
MFRTERRE, * : P<0.05,
[Note] b is the regression coefficient, which represents the average change in Ig(sex hormone levels) per unit increase of Ig(PFASs). Each model is adjusted
for age, body mass index, race, income-to-poverty ratio, and serum cotinine. *: P<0.05.

&5 2013—2016 4 NHANES 12~20 % %1% AB¥0E PFASs S1HEBIZRKTHIXKEX [b (95%C1)]
Table 5 Associations between serum PFASs and sex hormones in 12-20-year-old females in NHANES 2013—2016 [b (95% Cl)]

= T E2 SHBG

7 \E

Variable 7 (n=323) 12~15% (n=149)  16~20 % (n=174) ik (n=323) 12~15% (n=149) 16~20% (n=174) 74 (n=323) 12~15 %' (n=149) 16~20 % (n=174)
Female 12-15 years old 16-20 years old Female 12-15 years old 16-20 years old Female 12-15 years old 16-20 years old

n-PFOS  -0.04 (-0.13~0.04) -0.12 (-0.25~0.01)  0.03 (-0.09~0.14)  -0.09 (-0.27~0.09) -0.14 (-0.39~0.11) -0.06 (-0.32~0.20)  0.06 (-0.160.04)  -0.03 (-0.160.09) -0.06 (-0.21~0.09)
n-PFOA  -0.05 (-0.15~0.04) -0.10 (-0.25~0.06)  0.01 (-0.11~0.14) ~ -0.01 (-0.21~0.20) ~ 0.04 (-0.260.34)  0.04 (-0.24~0.32)  -0.18 (-0.29~-0.07) " -0.15 (-0.30~0.003) -0.16 (-0.31~-0.00003)
PFHXS  -0.01 (-0.08~0.05) 0.002 (-0.11~0.11) -0.02 (-0.11~0.06) ~ -0.01 (-0.15~0.13)  0.16 (-0.04~0.37) -0.13 (-0.32~0.06)  -0.09 (-0.16-0.01) = -0.05 (-0.15~0.06) -0.11 (-0.21~-0.003) ~
Sm-PFOS -0.05 (-0.14~0.04) -0.12 (-0.250.01)  0.03 (-0.10~0.16)  -0.15 (-0.33~0.04) -0.10 (-0.35~0.15) -0.15 (-0.44~0.13)  -0.12 (-0.22~-0.02) " -0.07 (-0.20~0.05) -0.13 (-0.29~0.04)
PFNA  -0.05 (-0.14~0.03) -0.08 (-0.22~0.06) -0.002 (-0.11~0.11)  -0.05 (-0.23~0.13) -0.19 (-0.460.08) 0.09 (-0.15~0.33)  -0.09 (-0.19~0.002) -0.08 (-0.21~0.06) -0.08 (-0.21~0.06)
PFDeA  0.02 (-0.060.10) -0.10 (-0.22~0.03)  0.12 (0.02~0.23) *  0.004 (-0.17~0.18) -0.11 (-0.34~0.13)  0.10 (-0.15~0.35)  -0.06 (-0.15~0.04)  -0.09 (-0.21~0.04) -0.01 (-0.14~0.13)

GE] b REIVAREK, TR 1g-PFASs B§FHE 1 AT M HE KRB TR T B, FAD AT FE. AEIEH. Mk, WNSRARELLE.
MBEAERAKRE, * : P<0.05

[Note] b is the regression coefficient, which represents the average change in Ig(sex hormone levels) per unit increase of Ig(PFASs). Each model adjusted

for age, BMI, race, income-to-poverty ratio, and serum cotinine. *: P<0.05.

3 g EEMARLI 16720 %40 PFASs K FEEF 12715 %48,

KR ETF 2013—2016 £ NHANES I R FFIAEEK 5 NHANES 2007—2010 (n=701) ' {5 2011—2012
1B, ETEE12720% ABEPFASs ZBEXTMAME  (n=158) " By PFASs HBX AR ELLER, AILE B EEFE
ZKERNEM, KIARLIMPFASs BERS|IRREEFH  BHABBIPFASs BEKEZXFE TFE, B PFOSHFEK
ABMBEMHRKFHREE, BEEUNESR, TE  FHERK, JERENEETE 2001 F221F Pros £
RMESBME2KFEE2REX, 5LMSHBGKTEEZ FHERET —TEHNMER, MPrHxS NEBKFEE
AEX ; ILoh, BlErrass REKES TR, BN 5, Nk T ZYBEEEENAZ, E155]
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fo T, AN MER T PrASs B B /K EIE T BIZ1E
E%, JERT2BBEKTFSHEMZERNIRK KB
SR B X,

I FRIMERE] PFASs SRR FEZ BB R T
EMNESR. EEMH, F12720%5 K 16720 5 F 18
E& 9 311 & 31 n-PFOA FI PFHXS 5 E2 £ 148X, 1B Zhou
FUHMHRERSEIMRER, AU KEST
#X 13~15 % B4 (n=102) PFOA. PFHXSBES5 26
FHX X R, X2 PFASs X 5 HHIE M £2 B9 I a]
BEE—ENTIMIER, BEFREBEGFEEES, &
BZHRITRFRRRIRRIEE MRS BEE
ARRFRESENEEN UNEBERENAE Y,
PFASs X1 B MmN T ER e mE S S
R R A TERE S To

ELtEth, ARFFFRTE 16720 % FHYER & I PFDeA
5mET2FEMEX, T Lewis 2 " F2011—2012 Fi3
#1270 % EE LM (n=145) , £ PFOA. PFNA 51
BTENEX, Tsai EIMAT 12717 B2t (n=330)
FPFOSETERMEXIXR, tRPFASs SIM/ETHIX
REE—HENEI, NEEZATIFAFTLIESE ; It
48, ANEIREE R B 7R n-PFOA. PFHXS. Sm-PFOS RE S
M7& SHBG K FE AR KR, X5 Tsai F W HIAE
SR, MIEHELIMZ Y PFOARES SHBG B R
HEXXR, SHBG B—ME—EHMHHENME pEKE
H, BRATHEESEREEENETERE ™), mE
T TH E2 =52 0W SHBG BI7KF, E2 {83 SHBG & X,
i T30 % SHBG & AY 2!, (BZNH ST HhH R & T L3
ZEN—HEEE, BIRIREPASsEEEEHRMN
REF1 4, X ATRER PFASs 5 M 8 2 H1 SHBG HH X B IR
; B, BEIEFERNADBRAAIBZRATN
FINEEESR, BAZEEBENNSIERER, HEF
HNEINERR. BEFIENE, BERRIEREKTE
B9 SHBG S AUBILRE1E ) 1FIRYER R ¢ F1 Z BUNEFR
I P AE X, X ATRELR T PRASs ST EM T IER =
U R FR D IR RIS ZEEL.

PFASs N BB K FEABPEEUINER, &H
REMZERIKFETFT B, BRREFEEER PFASs BY
FEKENEEMRERERITFREN, XAgE5%L
MALNHERER., SEHEREEAENT K
FEX. EREPNMEEKFERERVAEREIIEEN
BEERZE, BME PFASs X5 &M RKFHRERUEE,
WA B VD ENERKMEBRAAET LR

e, {E1E5REM,

KRR ETF NHANES, EERANERE, §
REFNARY ; BRARNEE—ENBEYE : —
FHE, AEEREMEIEANEE ), BEFHNX
542X, M5 PrAss BEREE T X, ELLARH
RAEA R RBERER PN AT IEE, HIR=5]
REZRE ; S—HHE, SRR ARAEEHERSR Prass ££
R ES RN EMIFIE SR M HEN 0,
EFARRPEMEIAE, IWIEXBEHNEARMEZE TR
#l, SEFE—TEFARMX AR AP HITHRAIA
i REMIL, AT AD PFASs BEXT 12720 5 BH
HAAB MR KB TINER, BERRESE) 5=
MARE, SIS SR PrASs REN S DELTERS
g, RIPEETERRRIRTER,
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