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Background: Pyrethroid insecticides account for more than 30% of the global insecticide market and are Accepted April 14, 2022

frequently used in agricultural settings and residential and public pest control among the general population.
While several animal studies have suggested that exposure to pyrethroids can alter glucose homeostasis,
there is only limited evidence of the association between environmental pyrethroid exposure and diabetes in

humans.
Highlights:

- We explored the relation of 3-PBA

with diabetes among Korean adults.

Objectives: This study aimed to report environmental 3-phenoxybenzoic acid (3-PBA) concentrations in
urine and evaluate its association with the risk of diabetes in Korean adults.

Methods: We analyzed data from the Korean National Environmental Health Survey (KoONEHS) Cycle 2
(2012~2014) and Cycle 3 (2015~2017). A total of 10,123 participants aged =19 years were included. Multiple

logistic regressions were used to calculate the odds ratios (ORs) for diabetes according to log-transformed

- A dose-response relationship between
urinary 3-PBA and diabetes was

observed.
urinary 3-PBA levels. We also evaluated age, sex, education, monthly income, marital status, alcohol drinking,
] o ) o ) ) ] . - The adverse effect was more pronounced
physical activity, urinary cotinine, body mass index, and sampling season as potential effect modifiers of these
o among young adults and those who
associations.
smoke.

Results: After adjusting for all the covariates, we found significant dose-response relationships between

urinary 3-PBA as quartile and the prevalence of diabetes in pooled data of KONEHS Cycles 2 and 3. In e

subgroup analyses, the adverse effects of pyrethroid exposure on diabetes were significantly stronger among Department of Health and Environmenta]

those aged 19~39 years (p-interaction<0.001) and those who consumed high levels of cotinine (p-interaction= Science, College of Health Scienice, Korea

0.020). University, Anam-ro 145, Seongbuk-gu,
Conclusions: Our findings highlight the potential diabetes risk of environmental exposure to pyrethroids Seoul 02841, Republic of Korea
and should be confirmed in large prospective studies in different populations in the future. Tel: +82-2-940-2768
Fax: +82-2-940-2768
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Korean National Environmental Health
Survey (KONEHS) cycle 3
N=3,787

Korean National Environmental Health
Survey (KONEHS) cycle 2
N=6,478

Excluding who did not conduct urinary 3-
PBA measurements
| N=6,402 | | N=3,770 |
Excluding who had missing information
on any of the covariates

Eligible KoNEHS cycle 2 participants Eligible KoNEHS cycle 3 participants
N=6,368 N=3,755

Fig. 1. Flow diagram of the study population
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Table 1. Demographic and clinical characteristics of study participants by diabetes status

Cycle 2 Cycle 3
Characteristic Without diabetes  With diabetes Without diabetes  With diabetes
(n=5,826) (n=542) p-value (n=3,417) (n=338) p-value
Age (years) (Mean+SD) 45.19£26.95 63.07£17.10 <0.001 45.86£29.81 62.96+14.52 <0.001
Sex (n, %) 0.454 0.014
Male 2,467 (49.1) 265 (51.5) 1,464 (49.2) 172 (58.1)
Female 3,359 (50.9) 277 (48.5) 1,953 (50.8) 166 (41.9)
Education (n, %) <0.001 <0.001
<High school 1,914 (21.3) 338 (55.7) 1,074 (19.2) 186 (47.3)
High school 1,780 (30.7) 136 (27.5) 1,080 (30.0) 96 (27.2)
>High school 2,132 (48.0) 68 (16.8) 1,263 (50.8) 56 (25.5)
Monthly income (million Won) (n, %) <0.001 <0.001
Low (<1) 1,566 (22.7) 229 (40.4) 573 (10.4) 136 (30.1)
Mid-Low (1-1.99) 2,715 (47.9) 215 (41.3) 655 (15.9) 68 (23.0)
Mid-High (2-2.99) 1,494 (28.5) 91 (16.7) 742 (22.7) 56 (15.7)
High (=3) 51 (0.9) 7 (1.6) 1,447 (51.0) 78 (31.2)
Marital status (n, %) <0.001 <0.001
Never married 629 (19.1) 5(1.7) 405 (21.9) 7 (3.5)
Married or cohabiting 4,616 (73.6) 433 (78.4) 2,650 (70.5) 264 (78.5)
Separated 581 (7.3) 104 (19.8) 362 (7.6) 67 (18.1)
Alcohol drinking (n, %) <0.001 <0.001
Never 2,294 (33.8) 309 (53.8) 659 (14.4) 96 (27.2)
Current drinker 3,532 (66.2) 233 (46.2) 2,758 (85.6) 242 (72.8)
Physical activity (n, %) 0.216 0.058
Little 3,092 (52.3) 261 (47.3) 1,894 (56.2) 174 (46.5)
Moderate 655 (11.3) 69 (13.1) 267 (7.3) 25(7.3)
Vigorous 2,079 (36.4) 212 (39.6) 1,256 (36.5) 139 (46.3)
Urinary cotinine (ug/g) (GM (GSD)) 2.04 (5.39) 1.71 (3.98) 0.058 1.92 (4.09) 1.89 (3.68) 0.872
Body mass index (kg/mz) (Mean+SD) 24.06£5.39 25.47+4.22 <0.001 24.28+56.70 25.54+4.23 <0.001
Sampling season (n, %) 0.402 0.822
Winter (12~2) 1,491 (29.1) 124 (26.9) 857 (25.2) 81 (24.3)
Spring (3~5) 1,527 (27.0) 158 (29.4) 870 (23.7) 78 (21.4)
Summer (6~8) 1,352 (23.7) 131 (20.6) 799 (23.4) 93 (26.6)
Autumn (9~11) 1,456 (20.3) 129 (23.1) 891 (27.7) 86 (27.7)
Urinary creatinine (g/L) (GM (GSD)) 0.91 (0.77) 0.75 (0.70) <0.001 1.04 (1.17) 0.90 (0.74) 0.003
Urinary 3-PBA (ug/L) (GM (GSD)) 1.39 (2.31) 1.97 (1.17) 0.055 0.94 (2.34) 1.55 (1.29) <0.001

Mean: arithmetic mean, SD: arithmetic standard deviation, GM: geometric mean, GSD: geometric standard deviation.
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Table 2. The GMs (95% Cls) of urinary 3-PBA levels by participants characteristic

Cycle2 Cycle 3
it . Creatinine . Creatinine
Characteristic Unadjusted p-value adjusted 3-PBA p-value Unadjusted p-value adjusted 3-PBA p-value
3-PBA (ug/L) 3-PBA (ug/L)
(ug/g) (ug/g)

Total 1.41 (1.35, 1.49) 1.97 (1.88, 2.06) 0.97 (0.89, 1.05) 1.18 (1.09, 1.28)

Diabetes 0.055 <0.001 <0.001 <0.001
No 1.39 (1.36, 1.41) 1.90 (1.88,1.92) 0.94 (0.90, 0.98) 1.13 (1.09, 1.17)

Yes 1.97 (1.92,2.02) 3.22(3.18,3.27) 1.55 (1.48, 1.62) 2.15(2.09, 2.21)

Age (years) <0.001 <0.001 <0.001 <0.001
19~39 1.04 (0.95, 1.13) 1.24 (1.16, 1.33) 0.67 (0.58,0.77) 0.71 (0.62, 0.80)
40~59 1.59 (1.50, 1.69) 2.28 (2.16, 2.41) 1.01 (091, 1.12) 1.29 (119, 1.41)
>60 1.93 (177, 2.10) 3.28 (3.07, 3.51) 1.53 (1.40, 1.67) 2.17 (2.00,2.37)

Sex 0.873 <0.001 0.491 <0.001
Male 1.41 (1.33,1.49) 1.59 (1.51, 1.68) 0.96 (0.86, 1.06) 0.94 (0.86, 1.04)

Female 1.42 (1.34, 1.51) 2.42(2.30,2.55) 0.97 (0.89, 1.06) 1.47 (1.36, 1.59)

Education <0.001 <0.001 <0.001 <0.001
<High school 1.91 (1.76, 2.08) 3.33(3.11, 3.55) 1.50 (1.36, 1.65) 2.12(1.93,2.33)

High school 1.55(1.43, 1.68) 2.17 (2.03,2.31) 1.10 (0.98, 1.23) 1.31 (1.19, 1.44)
>High school 1.14 (1.07, 1.22) 141 (1.33, 1.49) 0.74 (0.66, 0.83) 0.86 (0.77, 0.96)

Monthly income (million Won) 0.003 <0.001 <0.001 <0.001
Low (<1) 1.62 (1.47, 1.78) 2.51(2.32,2.71) 1.50 (1.33, 1.69) 2.11 (1.88, 2.38)
Mid-Low (1-1.99) 1.39 (131, 1.49) 1.88 (1.78, 1.99) 1.14 (0.99, 1.31) 1.40 (1.23, 1.60)
Mid-High (2-2.99) 1.29 (1.19, 1.40) 1.73 (1.61, 1.85) 1.03 (0.87,1.22) 1.27 (1.09, 1.49)

High (3) 1.35 (0.86, 1.89) 1.70 (1.26, 2.31) 0.80 (0.72, 0.89) 0.94 (0.86, 1.03)

Marital status (n, %) <0.001 <0.001 <0.001 <0.001
Never married 0.94 (0.84, 1.05) 1.08 (0.98, 1.19) 0.66 (0.54, 0.81) 0.68 (0.58, 0.80)
Married or cohabiting 1.51 (1.44, 1.59) 2.15(2.06, 2.25) 1.03 (0.95, 1.11) 1.29 (1.19, 1.39)
Separated 1.90 (1.67,2.16) 3.27 (2.94, 3.65) 1.43(1.22, 1.68) 2.19 (1.94, 2.47)

Alcohol drinking 0.005 <0.001 0.008 <0.001
Never 1.53 (1.41, 1.65) 2.39 (2.25,2.55) 1.21 (1.08, 1.37) 1.65 (1.50, 1.83)

Current drinker 1.36 (1.28, 1.44) 1.77 (1.68, 1.86) 0.93 (0.85, 1.01) 111 (1.02, 1.21)

Physical activity 0.217 0.122 0.001 <0.001
Little 1.39 (130, 1.48) 1.90 (1.80, 2.02) 0.89 (0.81, 0.97) 1.09 (0.99, 1.19)
Moderate 1.35 (1.21, 1.49) 2.02 (1.84,2.22) 1.03 (0.79, 1.34) 1.29 (1.03, 1.62)
Vigorous 1.47 (1.37, 1.58) 2.04 (1.92,2.18) 1.07 (0.97, 1.19) 1.30 (118, 1.44)

Urinary cotinine (ug/L) 0.077 <0.001 0.001 <0.001
Low (<50) 1.44 (1.36, 1.53) 2.12(2.01,2.24) 1.01 (0.94, 1.11) 1.30 (1.19, 1.41)

High (=50) 1.33 (1.24, 1.43) 1.56 (1.47, 1.66) 0.79 (0.69, 0.92) 0.84 (0.74, 0.96)

Body mass index (kg/m’) <0.001 <0.001 <0.001 0.086
Low/Normal(<25) 1.22 (1.14, 1.31) 1.77 (1.66, 1.89) 0.87 (0.78, 0.96) 1.11 (1.01, 1.23)

Over weight (25~30) 1.51 (1.38, 1.64) 2.16 (2.00,2.33) 1.19 (1.09, 1.29) 1.33 (1.22, 1.44)
Obesity (>30) 1.60 (1.51, 1.69) 2.08 (1.97, 2.20) 0.92 (0.73, 1.16) 1.05 (0.85, 1.31)

Sampling season (n, %) <0.001 <0.001 0.035 0.606
Winter (12~2) 1.28 (1.19, 1.38) 1.86 (1.73, 1.99) 0.90 (0.78, 1.04) 1.20 (1.06, 1.36)

Spring (3~5) 1.26 (1.14, 1.40) 1.74 (1.58, 1.92) 0.93 (0.84, 1.03) 1.13 (1.02, 1.25)
Summer (6~8) 1.74 (1.55, 1.95) 2.13 (1.91,2.37) 1.20 (1.02, 1.40) 1.28 (1.07, 1.53)
Autumn (9~11) 1.49 (1.32,1.68) 2.29 (2.05,2.55) 0.88(0.72, 1.09) 1.12 (0.92, 1.35)

Urinary creatinine (g/L) <0.001 <0.001 <0.001 <0.001
<0.84* 0.95 (0.89, 1.01) 2.22(2.10,2.35) 0.70 (0.64, 0.78) 1.34 (1.21, 1.48)
>0.84 2.24 (2.11,2.37) 1.71 (161, 1.81) 1.56 (1.43, 1.71) 0.96 (0.87, 1.06)

GMs: geometric means, CI: confidence intervals.
*Cut-off points: median for urinary creatinine.
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Table 3. The ORs (95% Cls) for diabetes by urinary 3-PBA™

Variables Cycle 2

Cycle 3

Pooled data’

PSM data’

Ln Cr-unadjusted 3-PBA
Ln Cr-adjusted 3-PBA
3-PBA quartiles

1.10 (0.99, 1.21)
1.25 (1.11, 1.40)

Quartile 1 1 (Reference)

Quartile 2 1.69 (1.10, 2.62)

Quartile 3 2.14 (1.44, 3.19)

Quartile 4 2.25(1.51, 3.35)
p for trend <0.001

1.19 (1.03, 1.37)
1.36 (1.14, 1.63)

1 (Reference)
1.38 (0.81,2.35)
1.75 (1.04, 2.93)
2.18 (1.30, 3.66)

0.002

1.16 (1.03, 1.32)
1.24 (1.08, 1.43)

1 (Reference)
1.53 (0.89, 2.63)
1.95(1.03, 3.71)
2.22 (1.08, 4.59)

<0.001

1.11 (1.01, 1.20)
1.21 (1.09, 1.34)

1 (Reference)
1.42 (0.56, 3.60)
1.31 (0.99, 1.75)
1.73 (1.28, 2.36)

<0.001

ORs: odds ratios, CI: confidence intervals.

*All models were adjusted for age, sex, education, monthly income, marital status, alcohol drinking, physical activity, urinary cotinine, BMI, and

sampling season.

TUnweighted results.
Group OR 95%-Cl
Cr-adjusted 3-PBA
KoNEHS Cycle 2 —= 1.23 [1.07;1.41)
KoNEHS Cycle 3 1.37 [1.07;1.75)
. ode g 26 [ 2 3]
-
Cr-unadjusted 3-PBA
KoNEHS Cycle 2 - 1.08 [1.03;1.14]
KoNEHS Cycle 3 = 1.18 [1.10;1.27)
C e <o [ ]
<
. R
0.75 1 15

Fig. 2. Meta-analysis with data from KoNEHS cycle 2 and cycle
3. Values were adjusted for age, sex, education, monthly income,
marital status, alcohol drinking, physical activity, urinary cotinine,
BMI, and sampling season.

1.28) ?1 Ao & Yegth 85 FgotedS B At
9] 8% 3-PBA T F 7|5 HFOlA A¥o] =0, W
S5 A5SF0] WAL, AFFA T 52 IWRALFE
fFO5H T 2 A0 2 YERytth

Table 3-2 8% 3-PBAS} B o] A¥HS Uehdich th&
22 2E IAHEA 23, A otedS B8 3-PBAS Tl
B3} #1271 [OR=1.25 (95% CI: 1.11, 1.40)]2} A137] [OR=1.36
(95% CI: 1.14, 1.63)] B5FolA Foet 9] JAaAE U
Eylth & 7155 2 4 (pooled data)¥} PSM 4 2
3t #EE Fo] AT/ A5 FsHAl YEFLTE [PSM:
OR=1.21 (95% CI: 1.09, 1.34)]. 8% 3-PBAS AIE-Q4E Y
oS o, F 7|4 BFolA A4l st At
A5 AEAFe] A+ gAEol vls Syl 28 &
E0] BAHCE | &%k [A27]: OR=2.25 (95%
CL: 151, 3.35); Al37]: OR=2.18 (95% CI: 1.30, 3.66)], A&
57t S7FEel whet Giriol ¥ gEo] AgF o= 37t
o= AFS BT} (A27]: p for trend<0.001; A|37]: p for

KoNEHS Cycle 2 KoNEHS Cycle 3 Pooled data

et

- o

10 20 30 10 20 30
OR
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Fig. 3. The ORs (95% Cls) for diabetes by urinary 3-PBA in
subgroups among participants enrolled in KoNEHS cycle 2, cycle
3 and pooled data. Models were adjusted for age, sex, education,
monthly income, marital status, alcohol drinking, physical activity,
urinary cotinine, BMI, and sampling season. *p-interaction<0.05.

trend=0.002]. F 7|55 23S E4(pooled data)} PSM £
A A3}, J4Eol e ArdARES AlEds
o) AR E0] Hla) Yol 2 BHEol sl folo)
A VreFTh [PSM: OR=1.73 (95% CI: 1.28, 2.36)]. ]2 gt 7
FZ F 7155 vEHEAT Ao e HlshA B
(Fig. 2).

Fig. 3= 8% 3-PBA%} P9 ATIE oI IF2E Y
o] 2435 AikE Uehdt F 718 283eH B4 (pooled
data) oA 25 3-PBAE 19~39A412] “d2lo] 40~59A]
o} 60Al o]/9] ATt G o] @ =H](95% CN)7t TAA
O 2 Fo5H &4TF (2.39 (0.18, 3.11) vs 1.41 (1.10, 1.81)
vs 1.11 (0.97, 1.27); p-interaction<0.05). ESt 72 L Eoj
Al 8% 3-PBAE TE $A7F =& JTRAOIA ZEY 527
7h 32 J7EAbo A Bt Fie o] @ 2H|(95% CI7F-SAIH 2
2 995 o 2 Ao vepdet (161 (1.07, 2.44) vs 1.20
(1.06, 1.36); p-interaction<0.05). THH, 235 3-PBA= ©/J0]
A ZFE ot AFolAA B FECl ¥ 2oy 34
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Table 4. The GMs (GSD) of urinary 3-PBA levels (pg/g Cr) in the national biomonitoring program

Country Study (year) n Age (years) GM (GSD)
South Korea KoNEHS cycle 1 (2009~2011) 6,311 >19 1.84 (2.21)
KoNEHS cycle 2 (2012~2014) 6,478 >19 1.94 (1.89)

KoNEHS cycle 3 (2017~2019) 3,787 >19 1.16 (2.51)

USA NHANES 2011~2012 2,416 >20 0.70 (1.92)
NHANES 2013~2014 2,625 >20 0.72 (2.51)

Canada CHMS cycle 2 (2009~2011) 2,506 3~79 0.42 (2.17)
CHMS cycle 5 (2016~2017) 2,676 3~79 0.52 (2.51)

GM: geometric mean, GSD: geometric standard deviation, KONEHS: Korean National Environmental Health Survey, NHANES: National
Health and Nutritional Examination Survey, CHMS: Canadian Health Measures Survey.

Ao & [oJolA= gkouTh

Table 4= gh= AJRIoA &= = 8F 3-PBA 5= tf
£ Q79 YtolA BEE= T E Hwe 2%E YEd
t}. 3k A4J919] 3-PBAS] HE 2009~20114, 2012~2014
doll 22+ 1.84 ng/g, 1.94 pg/golAl 2017~20199°0 1.16
ug/go & FAstth ES = FTolA TEE sk
= 2011~20129¥3} 2013~20149°] ZH2} 0.7 pg/g. 0.72 pg/
gl om, Fuete] Ity TolA IEE 3-PBAS| k=
2009~2011¢3% 2016~20179d°] 22+ 0.42 pg/g, 0.52 ng/g
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TR Y A= 22 g Hol itk v 1S thAdL

2 gt o] AtollM= 8F 3-PBAS] X7 A& 9l=RET A4
E 5ol A Gicrge] @ =u|7E 2,184 Z7HHE? B dAFo]
M 3kt AololA 8% 3-PBA7F A& Y50 == &
7HAE 47 iaol B E = ITHAEY g A EC]
2228 F7Vot= AC 2 et 99 Aot ALY YAk 2
IHZ YR TH(Table 3).
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