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LheeRI RN —E T E NHANES 3XiEE

P, SKOF, RS, HE

1. EBRBAFAHDEERIFIESEER, 17§ 200025
2. bR ESIA 0, £ 200336

BE .
[ 2] B (PNP) 2EV BRI AEEF BRI T ERSF SR BEEAH
RAMXSIEBEF R EXS RO RE BT A TIER, (BiEERANER.

[HH7] SRR R E AR IR PNP IRE S FRIRTIBERNEX R B S FEERER.

[75%] BF 2007—2008 FEEEREFSHRRAEE, & 1071 HIEETEBK PNP. MFFIR
BRINBETEITEY 20~64 HREMEAMNEIAR. YRS IERRBREIER(TSH) L HEE =M
RIEBERER(FT) . HERREBERE(T4). R=MBRBRERE (T13). RERERE
(TT4) . BERERERE B (TG) . FRARIKE BIUIA(TG-Ab) #5038 LUT L BRBRIORE. A X4
MEBSHTR PNP 5 S FIRERINEEIEIRI R A RFIE-REX R, HOTERIER.

(4552 BABERR PNP B HHE T 92.5%, ALET R IEERE D PN 0.62 ugg™s Bk
ML EANEFRIERR PNP FRE 2 E U5 52 0.60. 0.66 pgg™’s BABERFEERRIRIN
BEFEAT TSH. FT3. FT4. TT3. TT4 BOEMSREREFAIES 579 1500.00 wlU-L™ 3200.00 pg-L ™
8.00 ng-L™'\ 1140.00 ng:L"'\ 76.00 ug:L™" FE 2 ABEH, R PNP I II—DXTEERMNL, M7E
FT3. FT4. TT3 %3 3! FB& 1050.00 pg-L ™" (b=—0.02, 95% CI: —0.02~—0.01). 10.50 ng-L"* (b=—0.02,
95% CI: —0.03~—0.01) #1 10.50 ng-L™" (b=—0.02, 95% CI: —0.03~-0.01), BFEFIE-R N *F&
(38 Pz <0.05) o RN BEAI, B M, PR PNP SIE I —ITEREAL, 155 TG-Ab 7K
8 H0 1100.00 IU-L™ (b=0.04, 95% CI: 0.00~0.08), M ;& FT3 7K I fZ A 1020.00 pg-L™* (b=—0.01,
95% CI: —0.02~0.00), BFEFIE-RFM KR (Y Pun <0.05) TEX I, IR PNP 1€ I01—15Y
e, M3E FT3 T F% 1050.00 pg-L ' (b=—0.02, 95% CI: —0.03~-0.01) , FT4 & 10.50 ng-L™"
(b=-0.02, 95% CI: —0.03~0.00) , TT3 P& 10.70 ng-L"(b=—0.03, 95% CI: —0.05~-0.01), TT4 T~
% 10.50 pg-L™(b=—0.02, 95% CI: —0.04~0.00), B FR PNP /KF5 M5 FT3 #1 TT3 K2
FIE-R K TR (I Py <0.001),

[4516] FRTP PNP SRE T LSS IUMTE FT4. FT3. TT3 KELZ W, HRIME U ES.
FHEE - XIHRE ; PEXITRE: ; JIHEEE ; FIRERINEE

Effect of para-nitrophenol concentration in urine of healthy adults on thyroid function based
on US NHANES SHI Shuxiao', ZHANG Yan', XIAO Ping’, TIAN Ying' (1. Department of
Environmental Health, School of Public Health, Shanghai Jiao Tong University, Shanghai 200025,
China; 2. Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336,
China)

Abstract:

[Background] Parathion and methyl parathion are typical organophosphorus insecticides and
para-nitrophenol (PNP) is their main specific metabolite. Previous studies have shown that
parathion and methyl parathion may play a role as endocrine disrupting chemicals, but the
evidence is limited.

[Objective] Our aim is to evaluate association between urinary PNP concentration and thyroid
function among healthy adults and whether this association has gender differences.

[Methods] The study was based on the 2007—2008 US National Health and Nutrition Examination
Survey (NHANES). A total of 1071 subjects aging from 20 to 64 years with data on both urinary
PNP and serum thyroid function indicators were finally enrolled. Thyroid function was evaluated
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by measuring serum thyroid stimulating hormone (TSH), free triiodothyronine (FT3), free thyroxine (FT4), total triiodothyronine (TT3),
total thyroxine (TT4), thyroglobulin (TG), and thyroglobulin antibody (TG-Ab). A generalized linear model was used to analyze the
relationship between urinary PNP and serum thyroid function indicators and the dose-response relationship. Gender differences were
also explored.

In the total population, the positive rate of PNP was 92.5%, and the median urinary PNP concentration adjusted for urinary
creatinine was 0.62 pg-g". The median creatinine-adjusted urinary PNP concentrations in the male and female populations were 0.60
and 0.66 pg-g respectively. The median activities or concentrations of serum thyroid function indicators TSH, FT3, FT4, TT3, and TT4 in
the total population were 1500.00 plU-L™, 3200.00 pg-L™", 8.00 ng-L™?, 1140.00 ng-L"", and 76.00 pg:L™" respectively. In the total
population, a logarithmic unit increase of urinary PNP was associated with 1050.00 pg-L™ decrease in serum FT3 levels (b=-0.02, 95% CI:
-0.02--0.01), 10.50 ng-L* decrease in FT4 levels (b=—0.02, 95% C/: -0.03--0.01), and 10.50 ng-L™" decrease in TT3 levels (b=-0.02, 95% CI:
-0.03--0.01), all in a dose-response manner (all Py.nq < 0.05). After sex stratification, for every logarithmic unit increase of urinary PNP,
the serum TG-Ab level was increased by 1100.00 IU-L™ (b=0.04, 95% CI: 0.00-0.08) and the serum FT3 level was reduced by 1020.00 pg-L™
(b=-0.01, 95% CI: —0.02-0.00) among males, and both showed dose-response relationships (both P,..q<0.05); every logarithmic unit
increase of urinary PNP was associated with 1050.00 pg-L™" decrease in FT3 levels (b=-0.02, 95% CI: -0.03--0.01), 10.50 ng-L'decrease in
FT4 levels (b=—0.02, 95% CI: -0.03-0.00), 10.70 ng-L™" decrease in TT3 levels (b=-0.03, 95% CI: -0.05--0.01), and 10.50 pg-L" decrease in
TT4 levels (b=-0.02, 95% CI: -0.04-0.00) among females, and there were dose-response relationships of urinary PNP concentration with

serum FT3 and TT3 levels (both P4 < 0.001).

Changes in the concentration of PNP in urine are associated with changes in serum FT4, FT3, and TT3 levels and the results

also show gender differences.

parathion; methyl parathion; para-nitrophenol; thyroid function

XYInEE A R B IR EE AR, ERATHE
KINEHIREYIPRIE RY, Ol@Eid 57 Bk iEf. MRk R
ZOHURFFANANGE, M ESERN BT
Hyt ANENES 4, EEE T 2006 FR2ZIE T
IREREER, MR EXTRB XA ES 2 RIEYPER,
REXTHREEA R EX RBEE T S XX ETF R IME
B, ERTFEEMEHRKIAGFEH BERTH 2 XH
AR, ARBRE T XEAEYRIX R AEE,

BIEXIRBE A R E X IR E RN E BRG]
BERE—ENASBTFIRIER, BB aTRITIIHR
BEE R E XIS S FRIRBRTIBE R RVIA RS R H AR
—3: Shrestha E" ' EB MM T RRBFEREY
PRI KRR RIBS XM B E 2 B EEMEX
M ; Goldner & 1 22246 B B MR RFIMEAEFH
&R IR BRI SR AN X I gk 52 B8 Z (Bl R T2 < Bk M
R BB ABFPHEXARRARZ, LI, ERHR
WERMTHHESR, TEVBMEZT, BHMESR
IR BR B2 (total thyroxine, TT4) 7K R, MR L4 H
FEARZIOO, E IR % 5+ T BB D B B XS AR B AO 14
FNER. EANERXT IR B E XS iR el LUR RS
NEEM ARSI EEED (para-nitrophenol, PNP) ,
MURBARER — 28R, B — 2B FIRFRIER S~
1, EEEBTFIH R CAF R PNP 1EA XS iisk Al
BREXT R 098 = YR NS AR PNP BFUSRIREE
EREXREELENBIRGCEMBE. Xk, FEX

s ", REEBEHMFIR, (B PN ERIBXAR(E
RIS RENRBRBESBURNEYIREY, £
Flt, AR EE RN RRMEABKT PNP IRER
BN RN R MURREFEMRINER, MA
BERITRFRAEN"EXRRMIIEE

TP RAAEANSKIEREXEERERSESR
J8Z(National Health and Nutrition Examination Survey,
NHANES) o NHANES #4#& % 52 1 3= [E & i Tl 7 4% 1l R
DTN —TUETEEE, EEWEEEEEAEDN
A E SRS Bo A 51 EX 2007 —2008 F
FE NHANES R [EIBY BB IR PNP K EF M JF FARARIH
REFSATAY 20~64 % (2R AN A (n=1400) 1A AT
R, MALENEEIAS. HREREAE%(n=10).
FRRIREREE (n=61). BFRIRIEEIEGREE (R
IR IS S YIBERIEM > 20000 1U-L S ERIRBREKE B
TUATEME >35000 1U-L, n=80), #— % FIBR TR K
PNP(n=46). & KABRINEEAB XIEHR(n=92) . FChR A
(n=40) BIEHA RN R, RAHE 1071 BIARIR
WANDHT. RITRPNFHPRRIZNE 10
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FRIRERUY, MR BT, FREA. FR PNP. FRENET LARZ M
78 BUIK BR R B 2= (thyroid stimulating hormone, TSH) «
% B8 = B B IR AR R &L (free triiodothyronine, FT3).
B BRI Z (free thyroxine, FT4) . S = HEEIRARR
&B2 (total triiodothyronine, TT3). TT4. FURAREKE B
(thyroglobulin, TG) . ERIKBRERE H /A (thyroglobulin
antibody, TG-Ab) B NHANES RYSEIR =X KM,

1 4005 BB A& 7 FRPNPAN 075 AR AR
IhREFEATAN20~64 5 FRZTXTR
(2007—2008 NHANESEK3E %)

Hebg:
L@ 1063 IR AT
(2) 6165 AR ARIETR B E
(3) 8oBIFRRRRINBEISIT R B &

1249BITF S FZA4H
AR RIBANETAR

bR
@ 46f5 TSFRPNPEIRE

(2) 9251 75 FAR BRI REFEAT 2K IR
(3) 40T PRAAEIRE

107151 TR RN =R
AR RIBANEIRZ

1 ARRIFIERE
Figure 1 Flowchart depicting the inclusion process
1.3 %KitEDH
MANZRPHAORER. NEFRIEF GHIR PNP
RE. 7B R RBRINEEFSARK TR BB R ALEL(Pyss Pys)
R, KT X&MLY IE R I AR E /G PR
PNP RE 5 7B R KRINBEIS IR Z BINX &R, FiH—
F MR HITO . BTER PNP REH 7B FFIRBRTY
BEFEAR N IEES D, MR X L5 IR TI R 2
EBEMANEIER, b, IRIER PNP BIH 73 (L H0E
MRNKRDAMEA, UHEHDUEAENSRA,
B PNPIREFEAND LT EMANENIRE, FIFFHIE-
RN XFRo {RIEEEESCHA [18-21], U T T E2/E/ RS
HER: Wik, 43 MRSz E: RMRERE
>100 pgL™; MATRZ : PREREIRE < 100 pg-L™) F1I%
RS FEREE: MERTETREARE <10 ngmL™,
IEE: MBEABETHRERE=10ngmL ™). KA
SPSS 25.0 B #HITHRIT I, 1K 7KE a=0.05,

2 &
21 —flRAOFEES

HE 1071 BARTRBEANSHE, HP B4
574 51(53.6%) , IEARPIFE B A 447 51(41.7%) , &

HAERULEEDFIE 464 51(43.3%) . 499 15 46.6%) ,
Bt —FHMMARTRAIERIAE(65.3%) . MTEEE
(69.7%) « TREE(66.8%) I3 1o
#£ 1 2007—2008 £ NHANES ¥0iBREE+ 20~64 % {#EE
REAB—RR A OZR$FE (n=1071)

Table 1 General demographic characteristics of healthy adults
aged 20-64 years from the NHANES 2007—2008 (n=1071)

I n 1aBRLEL/%

451

B 574 53.6

7% 497 46.4
FLi3

ERFFEEA 212 19.8

HtFEIFE 125 11.7

FEHEIFEEA 447 417

EHEPIFEERA 225 21.0

H ik 62 5.8
BB KF

MHRRUT 108 10.1

=mF 464 433

AKERNE 499 46.6
TRARRES

TR E 372 34.7

ERIRE 699 65.3
LIRS

Tz 747 69.7

[1:57 2 324 30.3
OB

=3 715 66.8

= 170 15.9

ERE 186 17.3

2.2 JR PNP FNINEFFIRBRINBEIEAREY 23 %

SABEAFIR PNP RIS HZER T 92.5%. S AR B
MR ZHAEFRIESR PNP FRERD P E 2 52
0.62. 0.60. 0.66 pg-g o = A BRI 7E FIKBRINAEIR
FR TSH. FT3. FT4. TT3. TT4 BYSE MR EKRE P I
#1455 1500.00 plU-L™. 3200.00 pg-L'\ 8.00 ng-L\
1140.00 ng-L™\ 76.00 pg-L ™" K 2,
2.3 R PNP F1INE FKARTNBEIEARRIME X 1%

£ 2 AEER, FR PNP S8 10— RS8R AL, M5F
FT3 P& 1050.00 pg-L™*( b=-0.02,95% CI: -0.02~-0.01) ,
;& FT4 T & 10.50 ng-L™'(b=-0.02, 95% CIl: -0.03~
-0.01), ;& TT3 T~ B& 10.50 ng-L™(b=-0.02, 95% CI:
-0.03~-0.01), LA Q1 fE NS HRA, PNP B Q4 A5 I
7& FT3(b=-0.02, 95% CI: -0.03~-0.01). FT4(bh=-0.02,
95% Cl: -0.03~0.00) . TT3( b=-0.03,95% CI: -0.04~-0.01)
E0HEX, BEENZE-RMXR(3Y Pesy <0.05) .
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£ 2 2007—2008 &£ NHANES 4B+ 20~64 %
fRRRREEE A PR PNP JREFN M5 BRARBRTHEE
FEARIKTE [ AIE (P, Prs)]
Table 2 Urinary PNP concentration and serum thyroid function

indicator levels of healthy adults aged 20-64 years from the
NHANES 2007—2008 [M (Pys, Pss)]

SR BAB(n=1071) B (n=574) 214 (n=479)
PNP
ALETHR IR BRENRET 0.76 (0.34,1.50) 0.85(0.42,1.60) 0.66 (0.26, 1.37)
SREE /(g L) ; 34, 1. ! 42, 1. ! .26, 1.
el 0.62(0.34,1.20) 0.60(0.35,1.13) 0.66 (0.33, 1.28)
P I 34, 1. I 35, 1. I 33, 1.
FRRARINEE
. , 1500.00 (1020.00, 1460.00 (990.00, 1520.00 (1050.00,
TSHIE M/ (uU-L™) ( ( (
2220.00) 2220.00) 2220.00)
o ., 3200.00 (3000.00, 3300.00 (3100.00, 3100.00 (2900.00,
FI3EERE/(pgl ™) ( ( :
3500.00) 3600.00) 3400.00)
FTARERE/(ng:L)  8.00(7.00,8.00) 8.00(7.00,8.00) 8.00 (7.00, 8.00)
. , 1140.00 1160.00 1120.00
TT3RERE/(ng:L ™)
(1020.00, 1280.00)(1040.00, 1290.00) (990.00, 1260.00)
o , 76.00 (66.00, 74.00 (65.00, 79.00 (69.00,
TTAREIRE/(ugL™) ( ( (
86.00) 84.00) 89.00)

TGRERE/(gL")  10.46 (6.53, 16.92) 10.12 (6.62, 15.87) 10.94 (6.31, 18.27)

600.00 (600.00,  600.00 (600.00,  600.00 (600.00,

TG-AbSEME/(1U-LT)
2100.00) 1290.00) 3220.00)

FEEMH, R PNP BB I0— T 2R AL, 7B
TG-Ab 10 1100.00 1U-L™(b=0.04, 95% CI: 0.00~0.08) ,
75 FT3 BE{E 1020.00 pg-L™(b=-0.01, 95% CI: -0.02~
0.00), 5 Q1 4H#8LL, IR PNP BV Q4 4H 51 7E TG-Ab
7K I (b=0.06, 95% CI: 0.02~0.10) 2 IEFH*X, 5 F
FT3 7K (b=-0.02, 95% CI: -0.03~-0.10) 2 A%, It
4h, IR PNP 25115 TG-Ab Ml FT3 FEFIE-RN X &R
(P 4%=0.002. 0.003), FEXZ M, R PNP F1E I0I—1
ST ¥ B L, M5 FT3 T B& 1050.00 pgL™'(b=-0.02,

95% Cl: -0.03~-0.01), FT4 T & 10.50 ng-L™*(b=-0.02,
95% CI: -0.03~0.00), TT3 T f& 10.70 ng:L"'(b=-0.03,
95% CI: -0.05~-0.01), TT4 T~ f% 10.50 pg-L"'(b=-0.02,
95%Cl: -0.04~0.00), KL Q14895 %, JR PNP Y Q4

¢H5 Mm7& FT3 3R B (b=-0.02, 95% CI: -0.04~-0.01) 2
¥ %, Q3 £H(b=-0.02, 95% CI: -0.04~0.00) 1 Q4 £A
(b=-0.04, 95% CI: -0.06~-0.02) 515 TT3 REE M
X bk, FR PNP KIS I5E FT3 1 TT3 KFEHE
MANE-R MK ZE (Y Py <0.001) o MK 30

# 3 2007—2008 & NHANES ##EREH 20~64 % 2B ABR PNP SREEFNIM % B IRBRINBEFEHRK FRIME R [b(95% CN) ]

Table 3 Correlation of urinary PNP concentration and serum thyroid function indicator levels of healthy adults aged 20-64 years from
the NHANES 2007—2008 [b (95% Cl)]

PNP IgTSH® IgFT3°? IgFT4° IgTT3? IgTT4° IgTG® IgTG-Ab®

BB (n=1071)

HEETE® 0.01(-0.03~0.05) -0.02(-0.02~-0.01)"" -0.02(-0.03~-0.01)" -0.02(-0.03~-0.01)"  -0.01(-0.02~0.00) ~ 0.02(-0.01~0.05)  0.02(-0.04~0.07)
Q1 i S8 S8 S8R S8R S8R i
Q2 -0.01(-0.05~0.04)  0.00(-0.01~0.00) -0.01(-0.02~0.00)  -0.01(-0.02~0.01)  -0.01(-0.02~0.00) ~ 0.01(-0.02~0.05) -0.02(-0.08~0.04)
Q3 -0.01(-0.06~0.04)  -0.01(-0.02~0.00) ~ -0.01(-0.02~0.00)  -0.02(-0.03~-0.01)" -0.01(-0.02~0.01) ~ 0.00(-0.04~0.04)  0.01(~0.05~0.07)
Q4 2.00(-0.05~0.05)  -0.02(-0.03~-0.01)" -0.02(-0.03~0.00)" -0.03(-0.04~-0.01) " -0.01(-0.02~0.01)  0.02(-0.01~0.06)  0.01(-0.06~0.07)
Pz 0.811 <0.001 0.021 <0.001 0.242 0.287 0.657

B (n=575)

ESTE 0.02(-0.03~0.08)  -0.01(-0.02~0.00)"  -0.01(-0.03~0.00) -0.01(-0.02~0.01) 0.00(-0.02~0.01)  0.02(-0.05~0.08)  0.04(0.00~0.08)"
Q1 S8 S8 S8 S8 S8 S8 SR
Q2 -0.22(-0.09~0.04)  -0.01(-0.02~0.00)  -0.01(-0.02~0.01) 0.00(-0.02~0.02) 0.00(-0.02~0.02)  0.02(-0.06~0.10) -0.01(-0.05~0.04)
Q3 -0.04(-0.10~0.02)  -0.01(-0.02~0.01)  -0.01(-0.03~0.00)  -0.02(-0.03~0.00) ~ -0.01(-0.02~0.01)  0.05(-0.03~0.12) -0.02(-0.07~0.02)
Q4 0.02(-0.04~0.09)  -0.02(-0.03~-0.01)"  -0.01(-0.03~0.00)  -0.01(-0.03~0.01)  0.00(-0.02~0.02)  0.01(-0.07~0.08)  0.06(0.02~0.10)"
Py 0.259 0.003 0.144 0.166 0.933 0.926 0.002

7 (n=497)

EETE 0.00(-0.06~0.05)  -0.02(-0.03~-0.01)"  -0.02(-0.03~0.00)"  -0.03(-0.05~-0.01)" -0.02(-0.04~0.00)" 0.01(-0.07~0.09)  0.00(-0.05~0.05)
Q1 =R SR SR SR =R SR SR
Q2 0.01(-0.06~0.08)  -0.01(-0.02~0.01)  -0.01(-0.03~0.01)  -0.02(-0.04~0.01)  -0.01(-0.03~0.01) -0.04(-0.14~0.05) 0.02(-0.04~0.09)
Q3 0.04(-0.03~0.11)  -0.01(-0.03~0.00)  -0.01(-0.03~0.01)  -0.02(-0.04~0.00) -0.01(-0.03~0.01)  0.03(-0.07~0.13) -0.03(-0.09~0.04)
Q4 -0.02(-0.09~0.06) -0.02(-0.04~-0.01)"  -0.02(-0.04~0.00)  -0.04(-0.06~-0.02)" -0.02(-0.04~0.00)  0.01(-0.09~0.12) -0.01(-0.08~0.05)
Pz 0.562 <0.001 0.128 <0.001 0.108 0.587 0.431

[ 3£ 1*: P<0.05; **: P<0.001, a:

B AMIE. 5. BIRREE. R b FEFRIESR PNP BIE D HEE 1910 3%, c: AETAIE/SRY PNP T8

DEDH Q1(<0.34 pgg™) . Q2(0.34~<0.62 pgg™) Q3(0.62~<1.20 pg-g )« Q4(>1.20 pgg N H, EF B M S H Q1(<0.35pg-g™)« Q2(0.35~
<0.59 pg-g ™). Q3(0.59~<1.13 ug-g ™). Q4(=1.13 ugg N A; D7 Q1(<0.33 pgg™) . Q2(0.33~<0.66 pgg™’)« Q3(0.66~<1.29 pg-g™) . Q4(=

1.29 pg-g™) 4,
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B 5T LA 2007 —2008 & NHANES #{3E ZE 1 20~
64 YRR EABF NIRRT R, RRRF PNP IRE
SRRIRINEEMN X R, AR ABENAERIERR
PNP RE D 8RN 0.62 ug-g ™, 1T 2018 FEFRIR
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