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Abstract

Background : Our previous pilot study suggested high rates of insomnia among 140 patients with
Yusho, a condition caused by exposure to dioxins and dioxin-like compounds. Moreover, higher blood
concentrations of dioxin were associated with lower subjective sleep quality.

Objectives : In this cross—sectional study, we analyze data from a Japanese nationwide survey that
was designed to investigate the relationship between insomnia and dioxin toxicity among patients with
Yusho.

Methods : For this study, 899 participants (46.3% men, median age [IQR] : 66 [58-78] years) were
recruited. Symptoms related to insomnia were assessed. Toxicity of dioxins and dioxin-like compounds
was evaluated with the total toxic equivalent quantity (TEQ), which is the summation of each TEQ
calculated from the blood concentrations of 21 congeners of dioxin and dioxin-like compounds. Logistic
regression analysis for insomnia were adjusted by age, sex, body mass index, habitual drinking, and
smoking status.

Results : The number of participants with difficulty initiating and/or maintaining sleep (DIMS) was
753 (53.4%). Total TEQ was categorized on the following quartiles : first quartile (Q1)<< 20 (reference,
second quartile (Q2) = 20-35, third quartile (Q3) =35-62, and fourth quartile (Q4) = 62 pg-TEQ/g lipid).
Adjusted odds ratios (95% confidence interval) for DIMS of Q2-4 were 1.89 (1.23-2.89), 1.62
(1.02-2.57), and 2.09 (1.24-3.53), respectively.

Conclusions : Insomnia was frequent among patients with Yusho. Insomnia was associated with not
only the apparently high level of total TEQ), but also the level of total TEQ observed among general
population. In the pathophysiology of insomnia, dioxins and dioxin-like compounds, which persist in
environment and human body for a long time, might be one of the environmental factors among
patients with Yusho and general population.
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1. WRELCHERNDER

FAREAT IR A L TV 2 2018 4F 3 TR0
MERRIE BE 1,588 & A RSBk THRA /) % 4K
L, WIEsMofE s BHEORED S Sz
1,410 A (B 665 A\, 745 N) D%,
NETHA A ¥ VEMPEENEI THhIL T
72 899 N % EMT®I G & L7z, MM SIS 1 416
N, 483 N Th - 7. REFFEIE SN KEE R
oy X R BRI e R LR AT B R OKRR 15T
To7: (FFu#5 30—-384).

(

2. FHMiEE
HMEoRL,» S5 507z, Ei#, M5, body
mass index (BMI), ki, BUEEE, 1 HO
WATHER], SEEPEE, 1 HOBEENE, 1 HOH®
WREEGE, BEIREER, AIRGER, R OHFOIRS
ZRENTICAER L. BE TSRS (30E 3 mLLE,
1ENZHET 7 ) — VIR T 20g L EOERIES & L

ES

B

1320 3%

7z

AN BREE K1 A R N % (difficulty initiating
sleep : DIS), HWEHRAERFA#EE (difficulty maintain-
ing sleep : DMS), K O"H-EHEE (wake up too
early : WE) OFMIZOWTaE4a7z. DIS, DMS,
KO WE OWIF NHhDFEREFRZ 5 E % A RIE
Reph L7 %7, DIS LLIEDMS DWW
N DIER % A ¥ 4% % difficulty initiating and/
or maintaining sleep (DIMS) # & L 7.

T A A X VO MBI E X 50 E Re 7T A
ruax 7774 /EoREEESH (high-re-
solution gas chromatography/high-resolution
mass spectrometry : HRGC/HRMS) % H v C
17 - 72%. WHO 1% polychlorinated dibenzo-p-
dioxin (PCDD), polychlorinated dibenzofuran
(PCDF), K UF polychlorinated biphenyl (PCB)
DILTAF XY VHERAEOFEREEHAETAL0%
FATX L VHEED TS, 44X VHED
HKRMEMAOZEE (F %R (toxic equivalent
quantity : TEQ)) (& bR A F ¥~
TdHh5H 2,3,7,8tetrachrolodibenzo-p-dioxin (2
xt 3 % B VAR & R SRR £ (toxic
equivalency factors : TEFs) I[Z&ED & & St
%3 A EOKE T 2005 412 WHO A3%58% L
7z TEFs # 7z, & &2MEE O TEQ IZENiH &
L) OFERERICTEF 2 UCEEL, 51
T F T VEOBEW 2 EEHEE, 2o (R
TEQ) "Hw b 5. £lid 21 OREED TEQ
Pof TEQ #EtHE L7z, WEEFICBITL 51
F & VHMARE L 3FEIC I EE STV S
B, ZFOHEHAEEINE TR ISR, ot
FECTIAFICMHRED T RETH 5 & O TN H
EELTWABE MRS ATW2YY 207
O, KW TIEHEOMETHE LN A4+ F
VHRIMAREET L 22h LOHRE L7

3. HEEtALIE

7 — & AT IX R ver. 3.4.1 & EZR ver. 1.36
R WTIT o 72, IE#PEORE 1L Shapiro-Wilk
Mg ZITo 72, EHREBTH 54, BMIL, ¥4
T VM EE RO TEQ IZIEHMEZ o %
holzlzo, RFEMEZDIES D XX median
(interquartile range : IQR) TR L 7. 2HEM Ot
1% Mann-Whitney @ U MisE #1772, 3 AL



MHERE BT B 54 4 % 2 2B & AR

D L Kruskal-Wallis DR %E % 17>, post-hoc
test | Steel-Dwass DL EILIK % fH\ 72, #43%
LR O E OB E X Fisher O IEFERE M E
iTo7z. 3L EE AT B AFATE oMLk
DHE L Fisher O IEMEREARME TIEEHR AT #E
ThHY, y2MEEZHW. ZOBIZED 10 K
ARG VHEIES A E1013 2 DOREE A
WL CHEZITo 7. BREAKHEIZ0.06 & L7z

DIMS 12X % 44 F ¥ B0 R E T
VAT 4y 7 RS E TR L2 AR
TEQ 1242 %45 (< 20 (reference : ref),
20-35, 35-62, =62 pg-TEQ/g lipid) 2 7 I
) —Ab L7z, WM 21T o 72112, M5, 4F
fin, BMI, #EVESGE, K OBEIRIL TR L 72
7 v At (95% confidence interval : CI) & H L
7z AR 4 o0 L B (< 57 (ref), 57-64,
64-76, =76) \ZH 7TV —fbL, BMI iZ BMI <
25 kg/m? (ref), BMI=25 kg/m* 2 2 43I L 7z.
BRI IR E RGN 2, B L
BD 7 2o 728 % reference & L 7.

] e

1. NEEFEENKE (Table 1)

DIS, DMS, & O WE 12 h & h 273 A
(30.4%), 402 N\ (44.7%), 1283 A (31.5%)
(2RO 5Nz, WENLDORIRIEIRE A4 5 &%
534 N\ (65.0%) & @&#HE T, 508 A (56.5%) &
DIS & L<IEDMS #4 LT\ 72, HHOIRA %
HELTWLHIE387 A (43.0%) THo7z.

2. 4% (Table 1, 2)

B E Lo FE O F g (interquartile
range : IQR) #1241 65 (58-77), 67 (59-78)
THEGBLEIZED -7z (p=0.15). B
» BMI @ # ®fli (IQR) & £ L & 11 23.0
(21.5-25.4), 22.2 (20.1-24.6) kg/m* & Bk
B TH -7z (p <0.001). FBYETIEEE AN
&, fRIEEN% < (p <0.001), ZTHETIEHER
BB EN L > 72 (p <0.001). 1 HIZ90
SUESRTLTCWEER, EEIRIEIIAE M
RO otz (FNEFNp=0.05 p=0.21).

R R R R U X 2 P S 0 M & PR U C AR [ B R
ML W] T > 72 DA E B TIE e h o
72 (p=0.06). DIS & DMS ##H 2 & T T

99

HEIZZWLoo (FFitp <0.001, p
0.01), WE ZAZELZHE=ZLRBOL,ro7 (p=
0.67).

LYD& A & F 2 VMR LR & ik L
THEICEETH 572, WEOE-LERWE T
»52,3,4,7,8PeCDF O dufli (IQR) 135
E T E R E 205 (11.0-44.0), 38.3
(15.4-115.7) pg/g lipid TdH - 72 (p < 0.001).
# TEQ o gl IQR) (&H & kkTene
1130 (18-51), 40 (23-76) pg-TEQ/g lipid T& -
7z (p < 0.001).

3. 44X MbiBE (Table 2, 3)
PCDDs, PCDFs, K U'PCBs DZFNEND
TEQ O H R IZH TEQ O RAEDO#EA 1/3 %
Ho Tz, B TEQ IZ Ui s (Q1-Q4 1 <
20, 20-35, 35-62, = 62pg-TEQ/glipid) 2% F
T)—fbL7. 4 TREEILRLCRY <
0.001), BIEVEEKES & BEE Vi otz (£
NN p=0.001, p<0.001). 4i#HiI# TEQ 78
EEE R BIEEEME 2o Tz (p <0.001).
1 HO B EEIE & LY EIEILE TEQ 25H i
DEETE L B LA DSFRO Hz (p <0.001).
HENRRE R (248 TEQ DS & 722 5 L R 7k B 1
258 57z (p < 0.001). DIS & DMS # #f
ZHEBIEFEQUTHEEILZ VWL DD (p <0.001),
WE 3AEEZBDOLEho72 (p=0.88). F7z,
—EERTOREDOLNS Q2I2BWT L DIS®
DMS ¥ Q3 L FMRREEICHERTH - /2.

4. RERFEIR (Table 4, 5)

DIS, DMS, KU WE OWFNORIRIERDFH
L)L, DIMSOFMT2HEICH T T) — b
HIZELT2HMMMOERENPHKECTH > 72720,
DIMS DA D 2 FERF CHulciat L7z, DIMS #
TIEBEMED L% < (p <0.001), 4EETEfE<T
otz (p<0.001). HARIGE)EC T HEIE &
DOBEILZFED B o 7248, IE DIMS B TR HE
WEsL e nERiRo 57 (p=0.002).
DIMS # C (3 45 I [ BEFRAE 7 25520 H L (p <
0.001), HHORA*HEL TWLENS D572
(p=0.001). ¥4 FF> HEoMiEE2,3,
4,7,8-PeCDF %13 Lo & LTIF & A LD RM:AR
T DIMS B2SHEIZEETH o 72, # TEQ Orf
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Table 1 X5 &7
Total Men Women p value
N 899 416 483
Age, median (IQR) 66 (58-78) 65 (58-77) 67 (59-78) 0.15
BMI kg/m? median (IQR) 22.7 (20.7-25.1) 23.0 (21.5-25.4) 22.2 (20.1-24.6) < 0.001
Habitual drinker, n (%) 187 (21.0) 152 (37.0) 35 (7.3 < 0.001
Smoking status
Never, n (%) 557 (62.7) 151 (36.7) 406 (85.3) < 0.001
Past,n (%) 175 (19.7) 142 (34.5) 33 (6.9)
Current, n (%) 156 (17.6) 119 (28.9) 37 (7.8)
Walking
>=60 min / day, n (%) 440 (49.2) 189 (45.7) 251 (52.2) 0.05
Exercise
>= 2 times /week, n (%) 340 (38.0) 166 (40.2) 174 (36.1) 0.21
Vegetable intake
70-140 g / day, n (%) 432 (48.9) 239 (58.6) 193 (40.6) < 0.001
140-280 g / day, n (%) 358 (40.5) 143 (35.0) 215 (45.3)
>=280 g/ day,n (%) 93 (10.5) 26 (6.4) 67 (14.1)
Fruit intake
<50 g /day,n (%) 429 (48.5) 229 (55.9) 200 (42.1) < 0.001
50-100 g /day, n (%) 248 (28.0) 98 (23.9) 150 (31.6)
>=100 g / day, n (%) 208 (23.5) 83 (20.2) 125 (26.3)
Sleep time
<5 hours, n (%) 8 (9.6) 36 (8.7) 49 (10.3) 0.06
5-6 hours, n (%) 214 (24.0) 85 (20.6) 129 (27.0)
6-7 hours, n (%) 293 (32.9) 136 (32.9) 157 (32.9)
7-8 hours, n (%) 162 (18.2) 79 (19.1) 83 (17.4)
8-9 hours, n (%) 90 (10.1) 52 (12.6) 38 (8.0)
> 9 hours, n (%) 46 (5.2) 25 (6.1) 21 (4.4
Insomnia symptoms, n (%) 584 (65.0) 256 (61.5) 328 (67.9) 0.05
DIS, n (%) 273 (30.4) 90 (21.6) 183 (37.9) < 0.001
DMS, n (%) 402 (44.7) 167 (40.1) 235 (48.7) 0.01
DIS and/or DMS, n (%) 508 (56.5) 205 (49.3) 303 (62.7) < 0.001
WE, n (%) 283 (31.5) 134 (32.2) 149 (30.8) 0.67
Daytime sleepiness, n (%) 387 (43.0) 181 (43.5) 206 (42.7) 0.84

BMI, body mass index ; DIS, difficulty initiating sleep ; DMS, difficulty maintaining sleep ; IQR, interquartile range ; WE, wake
up too early.
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Table 2 BcH ¥ 1 4 %> HIP#EE (pg/g lipid)
Total Men Women p value
N 899 416 483
2,3,7,8-TCDD 1.3 (0.5-1.9) 1.2 (0.5-1.8) 1.4 (0.5-2.0) 0.002
1,2,3,7,8-PeCDD 6.8 (4.5-10.2) 6.0 (3.8-9.1) 7.5 (5.0-11.1) < 0.001
1,2,3.4,7,8-HxCDD 2.1 (1.0-3.1) 1.0 (1.0-2.9) 2.2 (1.0-3.3) 0.009
1,2,3.6,7,8-HxCDD 21.5 (13.4-37.8) 18.5 (11.5-30.9) 25.5 (15.9-46.1) < 0.001
1.2,3,7.8,9-HxCDD 2.8 (1.0-4.5) 2.4 (1.0-3.9) 3.0 (1.0-5.1) < 0.001
1.2,3,4,6,7,8-HpCDD 31.6 (21.6-46.5) 29.5 (20.5-44.3) 32.9 (22.4-49.1) 0.007
OCDD 441.0 (279.5-682.3)  425.7 (272.1-682.1)  454.7 (284.7-682.4) 0.22
Total PCDDs 518.5 (335.4-779.9)  489.0 (312.7-773.8)  539.8 (352.2-797.1) 0.04
2,3,7,8-TCDF 1.4 (0.5-2.6) 1.4 (0.5-2.6) 1.4 (0.5-2.6) 0.72
1,2,3.7,8-PeCDF 0.5 (0.5-1.5) 0.5 (0.5-1.6) 0.5 (0.5-1.4) 0.08
2.3.4,7,8-PeCDF 27.0 (13.3-74.1) 20.5 (11.0-44.0) 38.3 (15.4-115.7) < 0.001
1.2,3,4,7,8-HxCDF 5.0 (2.8-12.5) 3.9 (2.4-7.5) 7.4 (3.3-19.0) < 0.001
1.2,3,6,7,8-HxCDF 4.6 (2.8-8.6) 4.0 (2.5-6.4) 5.7 (3.3-11.6) < 0.001
2.3.4,6,7,8-HxCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.40
1.2.3,7.8,9-HxCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.88
1,2.3,4,6,7,8-HpCDF 1.0 (1.0-2.5) 1.0 (1.0-2.4) 1.0 (1.0-2.6) 0.24
1.2,3.4,7,8,9-HpCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.04
OCDF 2.0 (2.0-2.0) 2.0 (2.0-2.0) 2.0 (2.0-2.0) 0.06
Total PCDFs 47.9 (28.2-107.3) 38.9 (25.0-72.1) 64.5 (31.6-161.8) < 0.001
3.4,4,5-TCB (#81) 5.0 (5.0-5.0) 5.0 (5.0-5.0) 5.0 (5.0-5.0) < 0.001
3.3.4,4-TCB (#77) 5.0 (5.0-5.0) 5.0 (5.0-5.0) 5.0 (5.0-5.0) 0.15
3.3.4,4,5-PeCB (#126) 67.8 (38.2-114.3) 66.9 (38.2-123.3) 69.2 (38.2-109.1) 0.75
3.3.4,4.5 5-HxCB (#169) 103.7 (58.7-184.7)  110.2 (61.2-178.4)  100.7 (55.5-191.5) 0.31
Total Non-ortho PCBs 193.2 (116.1-319.8)  198.1 (116.6-321.2) 187.6 (115.5-316.7) 0.79
Total 846.5 (522.9-1275.4) 784.7 (500.0-1185.3) 887.6 (538.0-1338.6)  0.004
Total PCDDs-TEQ 12 (8-17) 10 (7-15) 3 (8-20) < 0.001
Total PCDFs-TEQ 10 (5-25) 7 (4-15) 3 (6-38) < 0.001
Total Non-ortho PCBs-TEQ 1 (6-18) 11 (6-18) 11 (6-17) 0.99
Total TEQ 35 (20-62) 30 (18-51) 0 (23-76) < 0.001

CB, chlorinated biphenyl ;

CDD, chlorinated dibenzo-p-dioxins ; CDF, chlorinated dibenzofurans ; Hx, hexa ; Hp, hepta ;

OCDD, octachlorodibenzo-p-dioxin ; OCDF, octachlorodibenzofurans ; PCB, polychlorinated biphenyl ; PCDD, polychlorin-

ated dibenzo-p-dioxin ; PCDF, polychlorinated dibenzofuran ; Pe, penta ; TCB, tetrachlorobiphenyl ;
odibenzo-p-dioxin ; TCDF, tetrachlorodibenzofuran ; TEQ), toxic equivalent quantity.

TCDD, tetrachlor-



102 o ok B 3234

Table 3 & TEQ WD RE T, AUEERO

TEQ pg-TEQ /g lipid < 20,n =225 20-35, n = 225 35-62, n=224 >=62, n=225 p value

Men, n (%) 128 (56.9) 108 (48.0) 113 (50.4) 67 (29.8) < 0.001

Age, median (IQR)* 56 (51-62) 64 (58-73) 69 (62-80) 8 (70-84) < 0.001

BMI kg/m? median (IQR) 22.6 (20.3-24.9) 22.4 (20.9-24.8) 23.0 (21.3-25.2) 22.7 (20.3-25.1)  0.199

Habitual drinker, n (%) 48 (21.4) 57 (25.7) 55 (24.7) 27 (12.2) 0.001

Smoking status
Never, n (%) 100 (44.6) 133 (59.6) 139 (62.9) 185 (84.1) < 0.001
Past,n (%) 55 (24.6) 49 (22.0) 49 (22.2) 22 (10.0)

Current, n (%) 69 (30.8) 41 (18.4) 33 (14.9) 13 (5.9)

Walking
>=60 min / day, n (%) 132 (58.7) 133 (59.4) 93 (41.7) 82 (36.8) < 0.001

Exercise
>= 2 times /week, n (%) 72 (32.0) 94 (42.0) 84 (37.7) 90 (40.4) 0.138

Vegetable intake
70-140 g / day, n (%) 121 (54.3) 112 (50.7) 106 (48.0) 93 (42.7) 0.34
140-280 g / day, n (%) 81 (36.3) 87 (39.4) 93 (42.1) 97 (44.5)
>=280 g/ day,n (%) 21 (9.4) 22 (10.0) 22 (10.0) 28 (12.8)

Fruit intake
<50 g /day, n (%) 142 (63.7) 107 (48.4) 92 (41.3) 83 (40.4) 0.34
50-100 g /day, n (%) 46 (20.6) 75 (33.9) 65 (29.1) 62 (28.4)
>=100 g / day, n (%) 35 (15.7) 39 (17.6) 66 (29.6) 68 (31.2)

Sleep time
<5 hours, n (%) 23 (10.4) 20 (9.0) 16 (7.2) 26 (11.7) < 0.001
5-6 hours, n (%) 69 (31.1) 52 (23.3) 46 (20.6) 47 (21.2)

6-7 hours, n (%) 79 (35.6) 84 (37.7) 78 (35.0) 52 (23.4)
7-8 hours, n (%) 34 (15.3) 32 (14.3) 51 (22.9) 45 (20.3)
8-9 hours, n (%) 12 (5.4) 24 (10.8) 20 (9.0) 34 (15.3)
> 9 hours, n (%) 5 (2.3) 11 (4.9) 12 (5.4) 18 (8.1)

Insomnia symptoms, n (%) 126 (56.0) 148 (65.8) 149 (66.5) 161 (71.6) 0.006
DIS, n (%) 46 (20.4) 67 (29.8) 66 (29.5) 94 (41.8) < 0.001
DMS, n (%) 74 (32.9) 105 (46.7) 107 (47.8) 116 (51.6) < 0.001

DIS and/or DMS, n (%) 96 (42.7) 133 (59.1) 128 (57.1) 151 (67.1) < 0.001
WE, n (%) 69 (30.7) 74 (32.9) 73 (32.6) 67 (29.8) 0.88
Daytime sleepiness, n (%) 96 (42.7) 101 (44.9) 99 (44.2) 91 (40.4) 0.79

* I RTOREMT p < 0.001. BMI, body mass index ; DIS, difficulty initiating sleep ; DMS, difficulty maintaining sleep ; IQR,
interquartile range ; TEQ), toxic equivalent quantity ; WE, wake up too early.
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Table 4 AREEES L IZIERAERREEO VTN ORIRIEROF M X 2 E 57 H T 0

Non-DIMS DIMS p value

N 391 508
Men, n (%) 211 (54.0) 205 (40.4) < 0.001
Age, median (IQR) 64 (57-76) 68 (60-79) < 0.001
BMI kg/m? median (IQR) 22.9 (21.0-25.0) 22.5 (20.4-25.1) 0.14
Habitual drinker, n (%) 89 (23.1) 98 (19.4) 0.21
Smoking status

Never, n (%) 220 (57.0) 337 (67.1) 0.001

Past,n (%) 77 (19.9) 98 (19.5)

Current, n (%) 89 (23.1) 67 (13.3)
Walking

>=60 min / day, n (%) 204 (52.6) 236 (46.5) 0.08
Exercise

>=2 times /week, n (%) 138 (35.6) 202 (39.8) 0.21
Vegetable intake

70-140 g / day, n (%) 192 (50.5) 240 (47.7) 0.34

140-280 g / day, n (%) 144 (37.9) 214 (42.5)

>=280 g/ day,n (%) 44 (11.6) 49 (9.7)
Fruit intake

<50 g /day,n (%) 210 (55.1) 219 (43.5) 0.002

50-100 g /day, n (%) 90 (23.6) 158 (31.3)

>=100 g / day,n (%) 81 (21.3) 127 (25.2)
Sleep time

< 5 hours, n (%) 16 (4.2) 69 (13.7) < 0.001

5-6 hours, n (%) 82 (21.3) 132 (26.1)

6-7 hours, n (%) 122 (31.7) 171 (33.9)

7-8 hours, n (%) 89 (23.1) 73 (14.5)

8-9 hours, n (%) 52 (13.5) 38 (7.5)

> 9 hours, n (%) 24 (6.2) 22 (4.4)
Daytime sleepiness, n (%) 144 (36.8) 243 (47.8) 0.001

BMI, body mass index ; DIMS, difficulty initiating and/or maintaining sleep ; IQR, interquartile

range.
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Table 5 ANRAHEES L IZMERMEREEEO WS N ORBIERDFENZ & 2 51 4 F 2 P HIH RO

Non-DIMS DIMS p value
N 391 508
2,3,7,8-TCDD 1.3 (0.5-1.9) 1.4 (0.5-2.0) 0.003
1,2,3,7,8-PeCDD 6.0 (3.8-9.3) 7.5 (5.0-10.8) < 0.001
1,2,3.4,7,8-HxCDD 1.0 (1.0-2.9) 2.2 (1.0-3.2) 0.002
1,2,3.6,7,8-HxCDD 19.4 (12.7-32.2) 23.4 (14.7-41.7) < 0.001
1.2,3.7.8,9-HxCDD 2.6 (1.0-4.1) 3.0 (1.0-4.8) 0.04
1.2,3,4,6,7,8-HpCDD 29.4 (20.5-44.7) 32.6 (22.8-49.1) 0.01
OCDD 412.3 (266.9-647.9) 468.0 (289.9-700.4) 0.02
Total PCDDs 476.7 (320.6-740.6) 557.9 (355.8-805.6) 0.006
2,3,7,8-TCDF 1.3 (0.5-2.3) 1.5 (0.5-2.9) 0.02
1.2,3.7,8-PeCDF 0.5 (0.5-1.4) 0.5 (0.5-1.6) 0.15
2.3.4,7,8-PeCDF 21.9 (11.2-51.2) 33.2 (14.9-92.5) < 0.001
1.2,3,4,7,8-HxCDF 4.4 (2.6-9.3) 5.8 (2.9-15.0) < 0.001
1.2,3,6,7,8-HxCDF 4.2 (2.6-6.6) 5.5 (3.0-10.2) < 0.001
2.3.4,6,7,8-HxCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.36
1.2.3,7,8,9-HxCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.08
1.2.3,4,6,7,8-HpCDF 1.0 (1.0-2.5) 1.0 (1.0-2.6) 0.67
1,2,3.4,7,8,9-HpCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.75
OCDF 2.0 (2.0-2.0) 2.0 (2.0-2.0) 0.68
Total PCDFs 40.9 (25.4-80.1) 58.1 (30.2-130.3) < 0.001
3.4,4,5-TCB (#81) 5.0 (5.0-5.0) 5.0 (5.0-5.0) 0.50
3.3.4,4-TCB (#77) 5.0 (5.0-5.0) 5.0 (5.0-10.4) 0.09
3.3.4,4,5-PeCB (#126) 59.9 (34.3-104.5) 73.8 (41.6-121.7) 0.001
3.3.4,4.5 5-HxCB (#169) 90.3 (51.8-172.7) 112.4 (64.4-200.2) < 0.001
Total Non-ortho PCBs 174.0 (100.2-293.1) 212.9 (125.9-339.8) < 0.001
Total 741.2 (488.3-1153.6) 907.6 (551.2-1328.2) < 0.001
Total PCDDs-TEQ 10 (7-16) 13 (8-19) < 0.001
Total PCDFs-TEQ 8 (4-18) 12 (6-31) < 0.001
Total Non-ortho PCBs-TEQ 10 (5-15) 11 (7-18) < 0.001
Total TEQ 30 (17-51) 39 (23-71) < 0.001

CB, chlorinated biphenyl ; CDD, chlorinated dibenzo-p-dioxins ; CDF, chlorinated dibenzofurans ; DIMS, difficulty
initiating and/or maintaining sleep ; Hx, hexa ; Hp, hepta ; OCDD, octachlorodibenzo-p-dioxin ; OCDF, octachlor-
odibenzofurans ; PCB, polychlorinated biphenyl ; PCDD, polychlorinated dibenzo-p-dioxin ; PCDF, polychlorinated
dibenzofuran ; Pe, penta ; TCB, tetrachlorobiphenyl ; TCDD, tetrachlorodibenzo—p-dioxin ; TCDF, tetrachlor-
odibenzofuran ; TEQ), toxic equivalent quantity.
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Table 6 Logistic MG 4712 & 2 DIMS X9 % 4 1 4 % 2 Vi TEQ M- fr#if o 4 v X1

Unadjusted Adjusted”
p value Odds ratio p value Odds ratio
(95% CI) (95% CI)
Total TEQ
Q1 : <20 pg-TEQ/g lipid 1 1
Q2 : 20-35 pg-TEQ/g lipid < 0.001 1.94 (1.34-2.83) 0.004 1.89 (1.23-2.89)
Q3 : 3562 pg-TEQ/g lipid 0.02 1.79 (1.23-2.60) 0.04 1.62 (1.02-2.57)
Q4 : > 62 pg-TEQ/g lipid < 0.001 2.74 (1.87-4.02) 0.006 2.09 (1.24-3.53)

i,
O Q4 ORI L7

Jufli (IQR) X DIMS #: & Non-DIMS BT+ 2
39 (23-71), 30 (17-51) pg-TEQ/g lipid &
DIMS B CTHEEIZEMETH -7 (p <0.001).

5. RRERICHT 20O 257« v 7 ERHMAT
(Table 6)

DIMS IZx 95 5 1 4 % ¥ YO TEQ D
BEAWHOPIZT A72012, Fin, 45, BMI, EHE
VERRIE, K OBMEIR CREE L 20V RA T4 v s
)R &2 T - 72, # TEQ @ Q1 @ < 20 pg-
TEQ/g lipid % reference & 3 % &\ Lo U45)
fir b DIMS 12xt9 % 4 v At (odds ratio : OR)
BAHEBEICEBETH 72, # TEQ ® Q4 =62
pg-TEQ/g lipid ® DIMS 2%/ 9 % OR (95% CI)
752.09 (1.24-3.53) LEWW2IF TR, — AR
TLHDOENDL I ENDHDH Q2 D 20-35 pg-
TEQ/g lipid {23 T & DIMS ® OR & 1.89
(1.23-2.89) & BIHEDFRD BTz,

Z =

KWFZEIL 5 A 4 ¥ OWEETH LMESRS
2B B EFEHBE T 72O TORIRIZET S
HETHD. ¥4 FFY VHOFEE BV LI
N R PR 3 <o R R HE R R 3 & v o 72RO ) A 7 %
FOL7ZT TR, —HERTHBIE SN LHF
DOMBEH DT A FF 2 VHLNVIZBWTHAIR
DIVAT ZEBOTNAEZ EIZFEHTRETHS.

MEEERE 2B B RIEOFEREIL HARARA
LA 2 EWENIIERTH L. SHONRE
L FA4FEHERE CTh 5 50 L Lo H AR A A @ DIS

PERI, BMI, EEMEEGE, J OB TR L 7.

FAFEY VEMPEEOR TEQ X QL Q2, Q3 K&

DIMS, difficulty initiating and/or maintaining sleep ; TEQ), toxic equivalent quantity.

EDMS 3 ZFh 2N BTl 6.4~16.1%,
13.5~29.0%, ZM TiF 13.5~31.5%, 16.2~
32.3% L HE SN TV Y10 140 ADMES S
WEFERE XD A E AT o AR T, P ERED
LDFEED DIS & DMS DA FEIRZR AT 1] Dk H
CIRIEFA L Th o7 BER T TEHD S L DIS
EDMS IZZNZEN54.0%E 65.0% & S 5128
KTho2V, SHIERIREROEIERE $ TIRYE
fLCTWawnds, RNROFEEE E CTHEETLEH
JERFIISRORETL SHIIERLEL LD L
e\,

AKX XY VHEMPRENREE), ZOEED
IECTH 5 TEQ W EME & 7 B & ANIRFER A TAAE
L CWaH I EIFFERICET S, ¥4 -F2 V8
ST AR 12 B 1) 2 BRHR - BRI % KT
L TWAB 089 DI O T ORBER 271347 H
NCTuiwv, LaLA2S, HEBOMIEREN S
A4 %2 VHEOBER - BEANEET R %
RLTW5,

AT F Ly VHEOBNZEHEARTH 5 aryl hyd-
rocarbon receptor (AHR) (3HRKE T &R0 5 MMEED
MERICEBRLTwaY, ¥+ v
AHR Z/r L TERYKBIZE DL L EEZ T2 5T
B4 BIEFRBEAHLTVLY. £/ 73
VRTISA A XD G TCFOY s ENEERSE
HAmE W MNO K83y, LT RLF
), ku b= 2 OB FEERIICHERE S Tw
Y7 I VRIS HMENER L, BEIREC
HEBET T2, ¥4+ Fy VBRI E
7 2V AROEELE I L CARIREEIZ BT 5 5
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REE D 2y 7253 2 LA END.

BiphEfm T & AHR L2702 b —27 S ANIRD
HRE ST S REME S H 5. AHR RO AL
i QJ:** (suprachiasmatic nucleus : SCN)
BT A REHEEFREBOIRIEY A € 5.
12, AHR ZOHIE SCN 12 B 1) A IR O IR
R & 520 JEIR - EEE Y X 23RS
THOFEHOEREICLAME ) AL 70k A

CE RS TwRY. YA F Y HIRS
@MBUXA%&®K$%%%ﬁ%§%é LT
ANRIZFZEET L g SN 5.

SRIOMFEIZ BT —HER, fiFETH iR
END YA F T M EEFERNT 2 TY,
MTEQWDWEE A EAIRDY A7 2 EOH TN,
FI4ERS (£ SD) 68.1 = 5.4 B O— MR 127
AND# TEQ O Jufl (/M ~ i KfH) 1 31
(12~100) pg-TEQ/g lipid & #iE SN TWw57,
LB OMIEREBRZIZBIT A TEQ @yl
(Fe/ME~IR K AE) 1d 35 (5~564) pg-TEQ/g lipid
Thol, BEHLEHET S EMEREOR
TEQ 3 L BEOENBDO SN L —FT,
BAEREFABEOHKROFE RO SN
TEQ 2 Q2 O#FH TOARIRD ) A7 HEF -
TWbZ L, —BREROAIROTHEIZY A 4 F
//wwmﬁﬁﬁf%&w

AWFZEIEBRA E LT, 7,
HETERIRIEIZ DWW T

R

MHERE BT S
FRZE ST eDs, BHfET 5

Kt - FRBEEIZOWTOFERIIA 55 %2 KET,

SRIDOEMTICFIHTE ed o7z, WHEEE TIE—
MR R & i 5 LB &k - g B E R
Th B MR H 5 RO HEIE GRS
FOVEELZZTLIENTHREINS. SEERIT
ICBWCEELRIFREOEEL EEB SN L LE
Wb, T2, IR L TWEEHFIZOWT HER
éﬂfw&w BEIRIE/Z1F TR <, ZHOIEHFD
ARIZIEHET 5. IR OEAIERD ZE S
é%%ﬁ%%.é%v,éﬁiﬁﬁﬁﬁﬂ%tﬁ
ONTZRETH Y, BFE L ORI ThITW
v, —iRERICBWTY S A 4 2 MR
J£R° TEQ AR % & TR - RHEREE b
DPIZONVWTHRE S NLLEDND 5.

b LVSRORE

MRERF BT A AROFIERRITEHRTH ),

B

1320 3%

YA FF L VHEMARE,SEN L 230
BWHETZDY A 7I3mKTHhHo7z. 61
BAERTOMEIND F A4 4 %2 VHEMAp R
FNTH, MTEQ A EE A EANIRDY A7 %5
DTV, ¥AFFY IR, NTIICER S
LDI% BT, FENE, FRNE, KILEKIZ
EDERENTVEMD ¥ a2 VEIEY
FL ) ERFICHHEIEL, EARNICIZEZY R
AT LEBELTHIGLTWE, F4FF 0L
% L OB L OBEDKE I ICHET ST E 7275
MR - SRR % & O 7o AR RIS % 41 F F
VUVHOBEIIOWTIZITEACKRE SN TV
W YA F T VL IEIR - BB L OFEREIE
WHERE 72T T —FREROMNIR % &0 72 [
- R EORRELEIRO I E LTI & R
DM TOMEILELE TN TV D

& 5

ARWFFRICE L Cld 77— 7 Rt L <, JEES7
1828 6 OF L2 A ] UL P PR BB AE 572 P 8 0 1 e 1 2
BB ZRIZEFBIITE 72, JURR
BEVHAE & A 4 & ¥ it v ¥ —FHiEffioh
MEFRIZIET— 8 OEZEEICE D - THW
72, Wy —ATA NI =X VT —H—D
HRETFRIEZROBIEG I TH 2. Fv >~
5 — QBTG & TN RFIE A B R A3 E
ORI I II AR B Tl & TBIEEIC R -
7. RIS, ARBRFRIC T 7 R
A, &Uﬁ%%@mﬁ IR L BT 5.
B, KWRISIEEER AR B S [ A
ENLTTAFF Y VSO MENDOFEEOIR
& X OBEEORFEF IS 5] (REER T
H30- A in-177E-005) 12 ) b DTH 5.
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