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[Abstract] Objective To explore the relationship between pyrethroid exposure and
sarcopenia. Methods Using a cross-sectional study design, the data were sourced from the U.S.
National Health and Nutrition Examination Survey conducted from 2011 to 2016. Adults aged 18-
59 years were selected as research subjects. Sarcopenia was assessed by calculating the ratio of
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skeletal muscle mass to body mass index (BMI) using dual-energy X-ray absorptiometry scanning technology.
Pyrethroid exposure levels were evaluated based on urinary 3-phenoxybenzoic acid (3-PBA) concentrations.
The association between these factors and the risk of sarcopenia, as well as their dose-response relationships,
were analyzed using weighted Logistic regression and restricted cubic spline (RCS) models. Subgroup analyses
and interaction tests were employed to examine the stability of the findings and the moderating effect of BMI.
Results A total of 2,867 participants were included, with a prevalence of sarcopenia at 7.57%. Weighted
Logistic regression analysis showed that, after adjusting for covariates, for every one-unit increase in log-
transformed 3-PBA exposure level, the risk of sarcopenia increased by 21% [OR=1.21, 95%CI (1.02, 1.44),
P=0.032]; Group by quartile of In(3-PBA), compared with the Q1 group, the Q4 group exhibited a 112% increased
risk of sarcopenia [OR=2.12, 95%CI (1.22, 3.69), P=0.009]. RCS analysis revealed a linear positive correlation
between 3-PBA and the risk of sarcopenia (P,...;; < 0.001, P, jineariy=0.595), with the risk increase becoming more
pronounced when urinary 3-PBA levels exceeded 0.57 ug/L. Subgroup and interaction analyses indicated that this
association was stronger in obese individuals with a BMI >30 kg/m’ [OR=1.43, 95%ClI (1.19, 1.71), P, < 0.001],
and there was an interaction between BMI and 3-PBA on the risk of sarcopenia [OR=1.59, 95%CI (1.18, 2.14),
P

interaction

=0.003]. Conclusion There is a positive association between pyrethroid exposure and the risk of
sarcopenia, which is particularly evident in obese populations. It is recommended to take multi-level prevention
and control measures and further research is needed to improve prevention strategies.

[Keywo rds] Pyrethroid; Sarcopenia; 3-phenoxybenzoic acid; Body mass index; Interaction

JULPA BBl A0 o — i A 2 B PR USR8 A OFTEIR AR 2 S WL I8 E Z (8] OGR4
A WUA T3 B SRR D REOR R AE B B R BRI BER RERR . Hh, BRE

o AT, ERIUAIEE I B LN 5%~
10%, HEZEAELFHEE ™, ZRmE RN E
BN AR B Z — ' AT EERET
FE AL SRR N LE N R S LA I Y
DR T AARERE I, AR I T A
55 LRI REAE R B DI OGHE T EOC T IREE R R
S HRIR A R

TUBR AR — A T RR A R A
Yy, PRHGEROR HOEYE, AU 20 TR 4
S, L UL TR KK - AR S HUR A
B, AR 2 8 R 30% DA 1L 4R
M, BEEIT 2, PRI R H g5 i
WFFE s, PLBR HUAg R 5% B ) 1 22 0T M 5K Jie
Wl m R Y B R R S R A
PR 2K o A A8 0y 9t 35 A DR YRR A v A
B RAFZ I TIE IR N R AR
P, ABBRIEA BN EAR T, RIS R
ALy MR AFE T REARIR X E R T A
017 S VRS SR N T e ] E S A PN N dE S
RN LR THIT A G EAOL ", DL
HPFg RIS = AR IIRERE A
TSI . B RS T R
AOTRETE SR SRt WU TR DGR ™, (i

yxxz.whuznhmedj.com

WEFE e, LR U2 TR 2 25 7] e T SR 1
1M 5 N0 R AT HE R i 2 W i B Oy
S L, ASBIESY B UL R A R R R
TRV 5 WL IR 8 =2 () 114 S 16 K L3 i — g I G
&, JForpriRETEEC (body mass index, BMI) [
TETESZIA , Sy 3 A B R 0 L PR e B ) 18 s
e P L H B RA TR b, o A AR T
S FL PRIl /i £ 51 7 5 s B R A 3

1 ARSH®

1.1 HRIFH

AW SE, RAEE ERERE S
7284 (National Health and Nutrition Examination
Survey, NHANES) 2011—2016 4F (£ 2011—
20124F . 2013—2014 4EH12015—2016 4F 3 PN iESE
JA 1) 18~59 & Wi AE N B AE R B 58 X 42
NHANES i 3¢ [# F % T4 4 i1 H 0 (National
Center for Health Statistics, NCHS) JF&, ZiH4&
2 E NCHS (Rl d A & b & fitife, S 58 M%
BRSSO

AT A 2011—20164F NHANES 192 5%
(29 902%41)) . HEBRARE: OF#Y < 1828 > 59 %
H (119334) 5 @i/ LA I E BIAH S EE #



758 EZ#EE 2026 &£ 7 B 36 5% 7 # New Medicine, Jul. 2026, Vol.36, No.7

(8 619 1] ) ; ke 48 Bk HL 44 Mg 114 AH OC £5 4l
(6356 ) ; DYMAE EFCHE WNAEHS . P50 F
ZHERE . FEEFA K BMIE—IFE bRk
F (12741).

1.2 ALAE D FES W kR A&

FULPA SR A2 7 35 B R FH R X SR i
AR . A 201 1 AEZ R A TR, %
HIEGE T 60 % LU R RFTEN S WURIEERY
PEAS F 2l TR AR B # LB i (appendicular
skeletal muscle mass, ASM) Z FlS2# 77 KR
FHCHE R, AW FE R FH L PR s 2 8 B0 A7 3T
i, HAFE AR T ASM (kg) /BMI (kg/m?)
FVELAIR A FEFEEL > 0.789 . L VENLAI IR EHE
B> 05120 I s 0 55 PR A 2o PR AR DG H5 By
BT IR B, D0 AT LA s e
HRAE 2T BRI RE 4 WL e . AR
WLIA sk 2 2
1.3 R HRHEERF T

PIBR AR Q=4 FEhE R R . R
PG LR BT, ABFIEEET NHANES 24 7%
25 PR OB €00 13— B I Ty 22 1) PRI A G =4
KBS BEA 7007 . NHANES Bd e = 540 &
AP RAGERACE = T, 2R A2 R
K2R, Ao v B 3 B R IRAC =) 39K 4
FIRHR (3—phenoxybenzoic acid, 3-PBA) {Eh#
FTACEIEAETE bR . S IRBEERTSY, IS,
FALTRIRR, DI UES TR E, B
HHEAKN GEMRR2) =" AIE R BT
R Fer e, A R UEFKF (mg/dL)
FIPR3-PBA (pg/L) FBAAIHE T4 — AL AL 2,
Gi— R we/L, IELURUEF KXt R 3-PBA X,
PRI BEEATICIE ™ . ST 3-PBA MR EE RIS
S BE IR A A FURHEZR YRR, AR 78 X6 ek
FEX B A P, AR IR BESF A IE S A 2K
1.4 thTE

BERALMHGE 7, ARIFRARIHE
SRR . M. R (BPURFEEEA .
b eds . BB E AN AEFBET AR
HAFE) . ZHEBRE (FHUR. &rhEal,
ERLLE) L BMI (<30, =30 kg/m®) AR FRREEARIR
A (<20000, 20 000~44 999, >450003EJC).
1.5 SitFESH

R 4.4.1 A TEEE 8T . ARYE 14

B, XFT NHANES 2011—2016 440 A A
B3PS 2011—2012 4FF12013—2014 4F- 8 £5 J&]
W IREE FHEAR CALEE (WTSC2YR) 2 2015—
2016 4F 3 £ J& 0 1) PR B F AR A BAYEL (WTSB2
YR) BRUA3 AT AIFEH ™ A A
(TGRS BORIbR 2 (7 +5) R, AFF
A IESM G R OR R A BRI PU o gk [
(Pys, Pys) | R, THECGOR LUBUECR H 434K
(n, %) Fixo K JC Logistic [21 5534
PR 3-PBA 7K - 55 WL IR 98 2 E 22 1] A AR OGP o
R 3-PBA /K40 LA S A AR B (43600 1 4%t
BOBAA) A% In (3-PBA) BYPUS i 5050 h 4 41
(Q14H< -10.37, -10.37 < Q24 <-9.77, -9.77 <
Q34 <-8.97, Q44 >-8.97) WP AR
A R E AL E L (odds ratio, OR) o H:
95% B (=% X [a] (confidence interval, CI) 7K~ .
HENT 2 BT | SRR AR AR i AR 2 AE
BOA 1SRG L, JHERARRS L MR FPR . ZH
FREEE . FREAEUA K BMI, R JH R 1 57 )7 ke
2% (restricted cubic spline, RCS) #7143 # A
He ol FRAE L R 3-PBA 7KF-5 LA s/ iE 22 [
(Rt — S O 3R o BE T AH U A B 0E AT W 4 4
BT 528 BEAE RS, IRFEAN R ERRRIE X AR H
BT % 15 5 WA D8/ E 22 8] SCHR 1 R 1k B v 7
MNABMER; fEatridfed, SRR
Jo, B AR (R 227 3-PBA M B2 H AR
HPARLA, BRREREH EZAYAHE . ES
TIRkRE, o RE S ARG IR R — S O 2R 21
[V e HAEH

2 HR

2.1 —fRER
LYy A 2 867 HWFFIRT S, WL AE & L
K 7.57% WEFEXT G AR [ 18~59 %, F-
PR (3770 + 12.3) %, PRI HL B4 A ¥
Hrp, dEv¥EFE A AN S E s (35.68%) ,
58.07% MBI R B A b DL 2= D), 49.35%
FIBIFZE % R AR A K 45 000 0 M LA | 63.93%
AIRFFEXT 5 BMI < 30 kg/m®, DL 1.
2.2 FR3-PBAXKESAARBMEMNXZR
JnAL 7 Logistic 119 23 #r 45 R o, 78
BT RIS A 2 RN LA X B A Y
3-PBA KT, AL PRI/ R XU 43 03] 34 i 24 19%

yxxz.whuznhmedj.com



EZFFH 2026 £ 7 HE 36 £5F 7 #3 New Medicine, Jul. 2026, Vol.36, No.7 759

[OR=1.19, 95%CI (1.02, 1.39), P=0.032]. 21%
[OR=1.21, 95%Cl (1.02, 1.44), P=0.032]; 5 Q1
AL, Q4 ZH A L PRI/ IXURS: 43 7 3 i 107%
[OR=2.07, 95%CI(1.19,3.60), P=0.011]. 112%
[OR=2.12, 95%CI1(1.22,3.69), P=0.009], FHWJR
3-PBA K-S WA E RS IS ARG, W2,
RCS #5584 3 by 45 2L W7, Bl & JR 3-PBA

KO THE, LRI D RS 5 4R b T R
(A& P=0.009, JE£E1E:P=0.959), WIE1-A; %
PESI . AERS . AR . BMI, SZHE TR LI M K REAR
WG, ZIEEM AR (SR P <0.001,
Lt P=0.595), WK 1-B, HASTEERE, 4
IR 3-PBA K1 0.57 we/L i, UG T a3
TR A

F1 FAESESEEEKRER (0, %)
Table 1. Basic information of participants in different groups (n, %)

At SE (n=2867) WP REZ (n=217) K ENLABAMEL. (n=2 650)
51
% 1427 (49.77) 102 (47.00) 1325 (50.00)
K'Y 1440 (50.23) 115 (53.00) 1325 (50.00)
AR () T 37.70 + 12.25 4237 £ 12.25 37.32+12.18
i
SV AFEEEA 406 (14.16) 69 (31.80) 337 (12.72)
oAb &7 295 (10.29) 36 (16.59) 259 (9.76)
BT E A A 1023 (35.68) 72 (33.18) 951 (35.89)
EVUBEA B R 655 (22.85) 9 (4.14) 646 (24.38)
oAb A 488 (17.02) 31 (14.29) 457 (17.25)
TZHERE
mPLLR 532 (18.56) 71 (32.72) 461 (17.39)
sl 670 (23.37) 54 (24.88) 616 (23.25)
[SEAYE 1665 (58.07) 92 (42.40) 1573 (59.36)
FHEFIA (3I0)
<20 000 625 (21.80) 68 (31.34) 557 (21.02)
20 000~44 999 827 (28.85) 63 (29.03) 764 (28.83)
> 45 000 1415 (49.35) 86 (39.63) 1329 (50.15)
BMI (kg/m®)
<30 1833 (63.93) 71 (32.72) 1762 (66.49)
>30 1034 (36.07) 146 (67.28) 888 (33.51)
3-PBA K™ -9.66 + 1.22 -9.41 £1.20 -9.68 +1.22
3-PBA/ME"
Q14 735 (25.64) 40 (18.43) 695 (26.24)
Q241 739 (25.78) 51 (23.50) 688 (25.96)
Q34 701 (24.45) 60 (27.65) 641 (24.18)
Q44 692 (24.13) 66 (30.42) 626 (23.62)
5%; HAEASFHABIHAYEAFEE (F+s) £7; B3-PBAKTA B AMHEERIMA (Ink#); "QI~Q42 % In (3-PBA) #ywa ik
i
F2 [R3-PBAKFESARREDERRX R
Table 2. Relationship between urinary 3—PBA levels and sarcopenia
e AL R 2
- B OR T (95%CI) Pl B ORTi (95%CI) Pt
3-PBA /K" 0.17 1.19 (1.02, 1.39) 0.032 0.19 121 (1.02, 1.44) 0.032
3-PBA 44" 0.24 1.27 (1.08, 1.51) 0.006 0.26 1.30 (1.08, 1.55) 0.005
QL4 Ref. Ref.
Q24 0.20 1.22 (0.65, 2.30) 0.527 0.06 1.06 (0.57, 1.99) 0.844
Q34 0.38 1.47 (0.77, 2.79) 0.234 0.24 1.27 (0.67, 2.40) 0.456
Q44 0.73 2.07 (1.19, 3.60) 0.011 0.75 2.12 (1.22, 3.69) 0.009

E: CREGAE T (R IR AABA; "R

AR e s ERSEMA] FdE APk, BMI, RHEHARE

yxxz.whuznhmedj.com

[In (3-PBA) #wInfoidi syt ] th KA KA | KRBT 5 AR 2
JEFN



EZFH 2026 £ 7 HE 36 &% 7 38 New Medicine, Jul. 2026, Vol.36, No.7

760
A 0.10 .
|
1
|
|
005 X
=} 1
B 1
&
) |
0 | S e - - - - - - e
o ! P-overall =0.0090
© , P-non-linear=0.9591
S 1
~0.05 - X
|
1
|
-0.10 1 11 1 ]
-12 -10 -8 -6
In (3-PBA)

0.10 -

0.05 -

| P-overall <0.001
| P-non-linear =0.5952
|
—-0.05 - !

In (OR)  (95%CD

1 L1 1 I}
-12 -10 -8 -6
In (3-PBA)

El1 R 3-PBAKESAARBMEZ BHNFIE-REX R
Figure 1. The dose-response relationship between urinary 3—PBA levels and sarcopenia
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