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Abstract:

[Background] As a new class of insecticides, neonicotinoid insecticides are widely used around
the world. Recent studies have found that neonicotinoid insecticides have endocrine disrupting
effects which can affect the homeostasis of sex hormones, but there are few epidemiological
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studies on children and adolescents.

[Objective] This study is conducted to explore the associations between neonicotinoid insecticides exposure and serum sex hormones
among children and adolescents.

[Methods] This study was based on the public online data of the National Health and Nutrition Examination Survey (NHANES) (2015-
2016). A total of 599 children and adolescents at 6-20 years of age were finally enrolled, who had basic characteristic information and
test data of six neonicotinoid insecticides [imidacloprid (IMI), acetamiprid (ACE), thiacloprid (THD), clothiandin (CLO), N-desmethyl-
acetamiprid (N-DMA), and 5-hydroxy imidacloprid (5-OH-IMI)] and three sex hormones [estradiol (E2), testosterone (T), and sex hormone
binding globulin (SHBG)]. Urine neonicotinoid pesticides were measured using high performance liquid chromatography-tandem mass
spectrometry. Serum T and E2 were detected using liquid chromatography-tandem mass spectrometry. Serum SHBG was tested using
electrochemiluminescence immunoassay. Except a high detection rate of N-DMA, the detection rates of other neonicotinoid insecticides were
low. Therefore, the study subjects were divided into three groups (Q1-Q3) according to the logarithmic value of N-DMA level. Generalized linear
model was used to analyze the association between N-DMA exposure and sex hormones in all participants and different genders.

[Results] The detection rates of the 6 neonicotinoid insecticides [N-DMA (40.7%), 5-OH-IMI (17.9%), CLO (7.7%), IMI (4.3%), ACE ( 0.5%), and
THD (0.3%)] were all lower than 50%. Only the P55 (0.39 pg-L?) and Pos (1.15 pg-L™?) of N-DMA concentration were higher than its detection
limit (0.2 ug-L™ ); only the Pgs (1.1 pg-L™) of 5-OH-IMI concentration was higher than its detection limit (0.4 ug:L™); only the Pos (0.4 pg-L™)
of CLO concentration was higher than its detection limit (0.2 pg-L?); the IMI, ACE, and THD quartiles were all lower than their detection
limits (0.4 pug-L, 0.3 pg-L™", and 0.03 pg-L* respectively). There were seasonal differences in the concentrations of N-DMA, 5-OH-IMI, and
CLO, namely higher in summer and autumn than in winter and spring (P<0.05). The generalized linear model results showed that the
N-DMA was negatively correlated with serum T (b=-0.12, 95% Cl: -0.22--0.02) in the Q3 group, while positively correlated with serum
SHBG (b=0.05, 95% CI: 0-0.09; b=0.08, 95% CI: 0.04-0.13) in the Q2 and Q3 groups when taking the Q1 group as reference, and these two
associations both had a dose-response trend (Py..t=0.023 and <0.001). After gender stratification, the N-DMA in the Q3 group was negatively
correlated with boys' serum T (b=-0.15, 95% CI: -0.29-0) and serum E2 (b=-0.07, 95% CI: -0.13-0), and both had a dose-response trend
(Pueng=0.042 and 0.032). The N-DMA in the Q2 and Q3 groups was positively correlated with boys' serum SHBG (b=0.06, 95% C/: 0.01-0.11;
b=0.07, 95% Cl: 0.02-0.13), and there was a dose-response trend (Pye.q=0.010). However, none of these associations were observed in girls.

[Conclusion] The exposure level of neonicotinoid insecticides in American children and adolescents is relatively low, and the detection
rates of metabolites are higher than those of the parents. Exposure to N-DMA, a metabolite of ACE, may be related to the decrease in T
levels and the increase in SHBG levels in children and adolescents. Moreover, there are gender differences. These findings indicate that
exposure to neonicotinoid insecticides may affect the levels of sex hormones in children and adolescents.

Keywords: neonicotinoid insecticides; N-desmethyl-acetamiprid; National Health and Nutrition Examination Survey; children and
adolescents; sex hormone; endocrine disruption
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FBBKERENEHENEWEEXE FHRRE
F2015—2016 FEXEERER S5 EFIFZE (National
Health and Nutrition Examination Survey, NHANES) &
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1 WREFE
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ZS Bf 53 F1 B NHANES B9 22 FF 038, NHANES @ —
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FRAEFRRARMELIE B2, ZMRDITT 2015—
2016 FF NHANES ¥4 18, A NIRE N BN BB REHH
IRIRFER BT, T. 2 RMEBELESZEHA (sex hormone
binding globulin, SHBG) 1M IEM 6~20% ) L EEF D
F. FTERFEES5EYIEEZEMBRES ; NHANES B
B EEERPERITPOCEREZ A,
1.2 FRAANEFFFERSER BFIRE

ABERFEQRIE, FREHEXIEERRTA
PRI F 1T 99 Mo NHANES K B ES 5% T 78 FR ANLET 3R
E, XRESMREEILENE T KR 6 EHE
R [BIEIMIC THD. BE B BX (acetamiprid, ACE).
IE B fZ (clothiandin, CLO). 5- #3 & Mt & Mk (5-hydroxy
imidacloprid, 5-OH-IMI) . N-Z5EREIE RAK (n-desmethyl-
acetamiprid, N-DMA) ] FRERE (BIRE) , Bzl
L 91.2%~116% 7?°1, IMI. ACE. CLO. THD. 5-OH-IMI
0 N-DMA 5 H PR (limit of detection, LOD) 43 %! /9 0.4,
0.3. 0.2, 0.03. 0.4F00.2 ug-L% T LOD BIHMEfE
LOD/4/2 B,
1.3 MAEMEERE

NHANES I B U E 7 & A 3 f i s =K, 8
1ET. E2 81 SHBG, KARMI RHFRIE G LRI SREX
EMNEMBETHNER RE25, REBUERXAEEE
E M35 SHBG S & B, MiE T. E2 #1 SHBG BIAE HIFR
179 0.75 pg-L 2.994ng-L* #10.800 nmol-L*
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FlopH RN a14h, EF LoD EBRKEIEHS Q2
Q3 4H. KA XEMER SRR N-DMA K FST ) L
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THD (0.3%) ] 2EF 50%0 N-DMAREEAX Pss (0.39 pg-L?)
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#& 1 2015—2016 NHANES #16~20 %) LE BT D FREARIFEMMERKF [n (%) S xts]

Table 1 Basic characteristics and sex hormone levels of children and adolescents aged 6-20 years in NHANES 2015-2016 [n (%) or xts]

ZEERERSEFATEHIR HUERR R R
EE All data of NHANES (n=1839) Neonicotinoid insecticides data set (n=599) " ,
Variable B4 (Male) 4 (Female) B4 (Male) 14 (Female)
(n=941) (n=898) (n=328) (n=271)
FHe/ % (Age/years) 1400  0.237
6~11 418 (44.4) 406 (45.2) 151 (46.0) 134 (49.4)
12~20 523 (55.6) 492 (54.8) 177 (54.0) 137 (50.6)
i (Race) 3.867 0276
FEFRPISF B H (Non-Hispanic White) 270 (28.7) 241 (26.8) 90 (27.4) 76 (28.1)
2FaIE=E A (Mexican American) 210 (22.3) 220 (24.5) 89 (27.1) 70 (25.8)
JEFEIISF &2 (Non-Hispanic Black) 195 (20.7) 169 (18.8) 66 (20.1) 55 (20.3)
Efth (Other) 266 (28.3) 268 (29.8) 83 (25.3) 70 (25.8)
H4E (Country of birth) 1.115 0.291
Z[E 50 PN / LB TTIEFX (50 U.S. states/Washington DC) 862 (91.6) 816 (90.9) 294 (89.6) 244 (90.0)
EHth (Other) 79 (8.4) 82 (9.1) 34 (10.4) 27 (10.0)
451 BMI (BMI-for-age) * 0.073  0.995
FRAE (Underweight) 22 (2.3) 13 (1.4) 8 (2.4) 3(11)
EEAE (Normal weight) 530 (56.3) 485 (54.0) 189 (57.6) 139 (51.3)
HBE (Overweight) 150 (15.9) 192 (21.4) 53 (16.2) 61 (22.5)
BER¥ (Obese) 239 (25.4) 208 (23.2) 78 (23.8) 68 (25.1)
RIEIEERLL (Poverty index ratio) 13.941 <0.001
RAELZLLLT (Below poverty level) (<1.85) 530 (56.3) 515 (57.3) 157 (47.9) 131 (48.3)
L L L (Above poverty level) (1.85~5) 411 (43.7) 383 (42.7) 171 (52.1) 140 (51.7)
FEANREERT|E) (Time of sample collection) ™ 0.007 0.935
£ &Z (Winter and spring) 481 (51.1) 418 (46.5) 168 (51.2) 124 (45.8)
EfkZ (Summer and autumn) 460 (48.9) 480 (53.5) 160 (48.8) 147 (54.2)
EFIRSRE (Testosterone levels) / (ng'L™) ™™ 16.80£10.30 10.80+4.50 16.80£10.10 10.90+4.60 0.647 0518
It B2 BT REE (Estradiol levels) / (ng-L™") ™ 0.84+0.49 1.270.71 0.83+0.49 1.2520.72 0.967  0.334
MM ELE ST EIRE (SHBG levels) / (nmol-L") ™™ 1.71+0.32 1.79+0.28 1.71#0.32 1.7840.26 0.328  0.743

UE] * © NHANES IRIBEERBTDEH PO EMNERKERS5E D ATREE (<P) . EREE P Px) . BE (Ps~Pos) FIIER (Pss)o
 ZFZ(11H1H-48308), EMZE A 1H-10831H), = . MEEE. l_EMEHRESERRES log Hift,

[Note] *: According to the gender-specific growth chart of CDC in NHANES, the participants are classified as underweight (< Ps), normal weight (>Ps-Pss),

overweight (>Pgs-Pgs), and obese (>Pgs). **: Winter and spring (November 1 to April 30), summer and autumn (May 1 to October 31). ***: Log

transformation of serum testosterone, estradiol, and SHBG levels.

RE AP (L10pgLl?) & F H G H PR (0.4pgLl?) ;
CLOREY Pos (0.40 pg-L?) BT EIQHR (0.2pgL?) ;
MI. ACE #1 THD ;& E Y S i #IME FHe HBR (0.4, 0.3,
0.03pglY)o LK 2, £F IMIL ACE. THDHELRS,
FREERNERREFIHITEDEHERDIN, 4
REN P BEEM IS T LEZ [N-DMA (1.85pgg?
vs 1.33 pg-g?)« 5-OH-IMI (1.81 pg-g™ vs 1.66 pg-g™)«
CLO (0.81pg-g*vs0.59pg-g™)] (P<0.05),
2.3 N-DMAKT5 ) ETIFEMHFRKTRBEXMYE
TERREERE, MLl ANEER, N-DMATEQ3 A
h5METE X (b=-0.12, 95%Cl . -0.22~-0.02) ,
£ Q2 Q34 # 5 M & SHBG 1Y £ 1E #8 % (b=0.05,

95% Cl : 0~0.09 ; b=0.08, 95% CI : 0.04~0.13), B9 7%
TEFE - RNXF (Pez=0.023, <0.001), &3,
2.4 N-DMAKESFREM4IILETLEMHEKF
RIEX 14

MANDERE, NDMAEBEM QAR SMETE
A% (b=-0.15, 95%Cl : -0.29~0), 5B E2E A
8% (b=-0.07, 95%CI : -0.13~0) , ¥ EFEFE- K
[ % £ (P %=0.042, 0.032), N-DMA 7£ 5 M Q2
Q34A A 5 I 75 SHBG 3Y £ 1E #8 % (b=0.06, 95%C :
0.01~0.11 ; b=0.07, 95%CI : 0.02~0.13) , BFEFIE -
RREIRZ (P=0.010) o TELMEHRIMERENIXLERKEX,
IR 40
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&2 2015—2016 % NHANES F16~20 %) LE B/ D FRHPFTIBIRZER RFERE (n=599)
Table 2 Urinary concentrations of neonicotinoid insecticides in children and adolescents aged 6-20 years in NHANES 2015-2016 (n=599)

e . e RENEFIXIER/ (ugL”) AEFIXE(E/ (uge”)
T M BRl 2 5 R HHE (K= /%) Crude concentration/ (pg-L™) Creatinine adjusted concentration/ (pg-g™")
Neonicotinoid insecticides N (Detection rate/%)
PZS PSU P7S P95 PZS PSO P7S P95
Of SR (IM1) 26 (4.3) <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
PERPK (ACE) 3 (0.5) <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
IERAZ (CLO) 46 (7.7) <LOD <LOD <LOD 0.40 <LOD <LOD <LOD 0.67
IR (THD) 2(0.3) <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
S-$Z2E M R (5-OH-IMI) 107 (17.9) <LOD <LOD <LOD 1.10 <LOD <LOD <LOD 1.75
N- ZFREIERRK (N-DMA) 244 (40.7) <LOD <LOD 0.39 1.15 <LOD <LOD 0.48 1.62

[7F] <LoD AR FHHBR, IMI. ACE. CLO. THD. 5-OH-IMI 1 N-DMA 12 tHPR 535179 0.4, 0.3. 0.2, 0.03. 0.4F10.2 pg-L ™%
[Note] <LOD is below the limit of detection, and the limits of detection of IMI, ACE, CLO, THD, 5-OH-IMI, and N-DMA are 0.4, 0.3, 0.2, 0.03, 0.4, and 0.2 pg-L"*
respectively.

#&®3 2015—2016 £ NHANES 1 6~20 %) LEF D F R N- SR EIEHEKS M FEREX S
Table 3 The association between the urinary N-desmethyl-acetamiprid and sex hormones in children and adolescents
aged 6-20 years in NHANES 2015-2016

N-25 B LI ch B 43 4R 20 (T) 2 (E2) MHELESER (SHBG)
Tertiles of N-DMA " b (95%Cl) P b (95%Cl) P b (95%Cl) P
Q1 (<LoD) 355 — — —
Q2 (LOD~<0.47 pg-L™) 122 -0.09 (-0.19~0.01) 0.064 -0.04 (-0.12~0.03) 0.265 0.05 (0~0.09) 0.032
Q3 (>047pugl?) 122 -0.12 (-0.22~-0.02) 0.022 -0.05 (-0.13~0.03) 0.238 0.08 (0.04~0.13) <0.001
P (Pien) 0.023 0.243 <0.001

UE] RIEREEFFE. 15, Fik. FiE5) M PIRFIHEE.

[Note] Covariates including age, sex, race, BMI-for-age, PIR, and country of birth are adjusted.

&4 2015—2016 4 NHANES 1 6~20 %) LEF D FHIR N- ERER RS RENEXE (39 B)
Table 4 The association between the urinary N-desmethyl-acetamiprid and sex hormones in children and adolescents aged 6-20 years
in NHANES 2015-2016 (gender stratification)

3 N- 25 ER LR 207 (T) HEZE (E2) HHREAED (SHBG)
Gender N-DMA 5 b (95%CI) P b (95%CI) P b (95%CI) P
24 (Male) Q1 (<LOD) 206 - - -
Q2 (LOD~<0.41 pg-L") 61 -0.11 (-0.24, 0.02) 0.099 -0.04 (-0.11, 0.03) 0.269 0.06 (0.01, 0.11) 0.028
Q3 (>0.41pgl?) 61 -0.15 (-0.29, 0) 0.048 -0.07 (-0.13, 0) 0.047 0.07 (0.02, 0.13) 0.012
Pisgs (Picena) 0.042 0.032 0.010
1% (Female) Q1 (<LOD) 149 — — —
Q2 (LOD~<0.55 pg-L") 61 -0.02 (-0.10, 0.07) 0.726 -0.03 (-0.18, 0.12) 0.681 0.01 (-0.05, 0.08) 0.699
Q3 (>0.55pugL™) 61 -0.03 (-0.11, 0.06) 0.543 -0.08 (-0.23, 0.07) 0.268 0.06 (-0.00, 0.12) 0.067
Pt (Piena) 0.545 0.254 0.063

UE] REMHTEFFE. MR FH5 M. PRFIHEE,

[Note] Covariates including age, race, BMI-for age, PIR, and country of birth are adjusted.

2.5 SRS 6~20% ) LEFVF 6 I HERIEREFIREIE R, &

H—F W HEARRERE, AARANKREBUKREZ  WEEN-DMAKRERIS (40.7%) 5, EMEIEEESR
MAZVEHTHRESIMELRI, )LEFLVER RHAKRHZFYEE (0.3%17.9%) ;2 FXE4 (N-DMA
N-DMA S IMEM MR Z BN XKERIYTHAENRZE  Ms-0H-IM) B0 EERS T 455 B H /R Y (cLo.
(%N Z= ML © http://www.jeom.org/article/cn/10.13213/  IMI. ACEFITHD) ; AR BEFCH REEFES

j.cnki.jeom.2021.20482) THER. I, AR ITE T RHERSHIN-DMA
SHILES D EMRERNEM, &I N-DMA 250 &8
3 itie 5)LEFVFEME TKFE T, SHBG KT EABHEX

IS B 35 B F 2015—2016 4 32 [E NHANES, 087 M, BEEEIIESR.
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AER R & T 6 Feh T MR Bl S8 oK R 4G H =GR T
50%, X5 E M3 H=E A Mo OspinaZEF o #f
2015—2016 FFEE 3 % L £ A B¥ 6 T 37 MR Bl 5% R 7
FZ RN, EFN-DMA. 5-OH-IMI. IMI. CLO. ACE F
THD 2 53 518 35%. 19.7%. 4.3%. 7.7%. <0.5% F[l
<0.5%, LS, Osaka EPVIEHAEZEME 223873 %
JUERRAR PG H 7 FRTIEIRSE R R, EAIMIL ACE.
CLO M THD & H ZE 53 51 9 15.2%. 12.1%. 8.1% F 0%.
Zhang E TR E 13 MEM 324 B 1097 FERER
FRiS Y 6 FRRETIRBRZE R HF, EAIMIL ACE. CLO. THD
o ZR (97%. 96%. 99%. 92%) = T A3 (4.3%.
0.5%. 7.7%. 0.3%) , ERRE ]88 5Ff B 2 Y28 [E
BX (BaRHESBELFRIE L, CLO. IMI. ACE. THDHY
¥ H PR 42 %1 9 0.002. 0.006. 0.0007 F10.0002 pg-L) o
Kabata & B2 i 7 Sk B # B = R L 2p 3t X B 2
R RN 400 RE, HLER KRB N-DMA BY Pos F Pos
BEDFN 047 pg L' M 15ugL B—THR™E
TEEAL 5155 E1E A TR E R N-DMA BY Ps Al
Pos ¥ B 53 5 79 0.61 pg- L' 1 1.77 pg-L’e AR H
N-DMA B9 Ps 1 Pos 281E 53 51179 0.39 ug-L* 1 1.15 pg-L ?,
BEF EARRIMARIREI N-DMAKE, XAJgES
ST AN, FRMNIREEESEEX, &
MRAMAFEYIN-DMAK EERS, XaJfES &1k
wEYACEEEERI ST ZHEREXR, LI,
MRS R RAE AR F =R, KEB ACE 1L
1L I N-DMA Y, 2 7RER N-DMA R E BT ACE 8
BN RIFHEY IS MIET. ANHH 5N 22 2 H# IR
ERRARBREEEETHTUER, EUESTELE
x, XRS5 ZERRFINERAZHURABENIRE
SR X BT,

KARELZIMNDMARES L EETVEFETKEZ
TAfE%, {85 SHBG KFE2IEMEX, BEFEEFE- RN
KB TRESZNETER S, MKETSHRIIEE
IR, REAET (W05 KSE1E) MAFRELE X,
REEERESNERER, BRE SIREME. £
FLAPIEAN T F Ao yEE g % B SHBG B—FPH AT A=
EHRER, TEFEEAMSRUESHEEEH
=, NARMRFEEEYEEN SR RE, Ik
KRBT ZEE. ZRIVELSEIE. IR P RERER
2L, 7B T KBRS S B SHBG K FEF = Y,
AR AT T N-DMASIMBETHAEXXER
BEHITERE N, —METFT/NRIRKRSHLI W

8, BRAEFER/E 2.6F121.4mgBI ACE, 180d
BFEETHERFMEEXER (LHR. StAR. CYP11A1.
CYP17A1F1 HSD17B1) BIZRIAIIR/L , X FTHER N-DMA
BES|ESHBGKTEABNEREREZ —, Lo, ARE
AR RA R E =S RFIRERINEEREL ), M
FUR R R 218 N X BT {3 SHBG & Ak Y, Xt a]
BEE N-DMA B 5|#2 SHBG K FABHRRERZ —o &
ARNREEERLIWN-DMAEES T E2 K FE.
SHBG K _EFARIKEN M, BAFLHEXHNABFHARIR
8, B—IRESRI 2R, 10, 30mgkg? BIACE IEL:
SEEBRERFHENR, HIUETKFETE, 54
LR BN, XM RPBIE T K TR
BT ACE IS T R ERR A BB X BB ER (Crp11AL
StAR ] HSD3B) ZRiK. Zhang % ) & I 30 mg-kg™ BY ACE
ELR36d EBRSMEHEN/NR, EERTKETRE,
XATEE R BT ACEE I T EUABKTE (AZEEKF
1@, SRS AR SR ENBE L
BEEMERRE) o B—IXTFT IMIBFFHE LI T M
45 B, Hafez 5 B35, 90mgkg™ B IMIE B &
Fig/ R 15dfE, KRMEMETH E2 KFIY T
N-DMA B EXT RN MRESEFR LI, X4
NESARERTREEEAFZNMFGRFERSEE
St el HARR MBI B RERNHA R

KPARFEE T FRIFEHEEABFNFIRRELERR
FBERENHEZ WA R SHRETF 2015—
2016 FERELEMAMERRRALT, BEHEELEX.
REMEFHNE, BEEEET—EHNERYE | OFLEH
R ER BRI EERS, PERRAIEE M T &
RHREMY ; OFNHARFBEHBFIIRRISR BT HER
EFfTARMNFSHMIFE SRYESEEXTHE
HMENEM ; OXHRE—THEEMAR, TEICIE
RRXFR. RELHAP) L EF LV EREIIRFEIER
AN EERS, BNEBREZMRABHERENE
FERBFNSEMREKEFEE—ENEXY, BE
MERER, WHRERA NS EH—TRITHTIER
RRBAREN) L EFTVEFEEERD BRANENM,
RIFPEHEEN S BEEREIEICKIE,
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