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Associations between PCDD/Fs exposure and fasting blood glucose levels SONG Wen-jing*,
ZHANG Zhuang?, SHI Ting-ming?, LIU Xiao®, ZHANG Su-kun®, HE Jin-tong®, CHEN Wei-hong*
(1.Department of Occupational and Environmental Health, Key Laboratory of Environment and
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Zhuhai Center for Chronic Disease Control, Zhuhai, Guangdong 519060, China)

Abstract:

[Background] Diabetes is resulted from the interaction between environment and organism, and
fasting blood glucose is an early indicator for screening diabetes. In recent years, researchers
have focused on the associations of diabetes with exposure to polychlorinated dibenzo-dioxins
and polychlorinated dibenzo-furans (PCDD/Fs) and blood glucose level changes, but the results
are inconsistent.
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[Objective] This study measures the exposure levels of PCDD/Fs in workplaces and living environments in a city of Hubei Province, and
investigates the correlation between PCDD/Fs exposure and fasting blood glucose levels.

[Methods] A cross-sectional study in Hubei Province was conducted in August 2013 and September 2014. The participants consisted
of 381 incineration workers or foundry workers in a solid waste incinerator and a steel plant as the occupational exposure group, and
381 residents living 5km away as the control group. Questionnaire data were collected and fasting blood glucose levels were measured.
PCDD/Fs exposure levels through inhalation and food intake were summed up to represent individual PCDD/Fs exposure level.
Generalized linear regression models were used to examine the correlation between PCDD/Fs exposure and fasting blood glucose levels,
and interaction tests were performed with considering selected influencing factors of fasting blood glucose.

[Results] The PCDD/Fs exposure level [M (Ps-Pss)] in the occupational exposure group [0.22 (0.13-0.48) pg TEQ/(kg-d)] was significantly
higher than that in the control group [0.09 (0.05-0.10) pg TEQ/(kg-d)] (P<0.05), and so was the fasting blood glucose level [(5.15+0.62)
and (4.90+0.71) mmol/L, respectively, P<0.05]. The results of generalized linear regression model showed that there was a significant
positive correlation between PCDD/Fs exposure level and fasting glucose level (Pyens < 0.05), after adjusting for age, gender, body mass
index, smoking, drinking, exercise, diabetes prevalence, and family history of diabetes. Each 1-unit increase in In-transformed PCDD/Fs
exposure level was associated with 0.10 mmol/L increase of fasting glucose level. Exercise or age had interaction with PCDD/Fs exposure
level (Pieraction < 0.05), as in those without exercise (b=0.178, 95% CI: 0.096-0.260) or aged <40 years (b=0.080, 95% C/: 0.015-0.145), fasting
blood glucose level increased with higher PCDD/Fs exposure level, and in those with exercise or aged <40 years the associations were not
significant.

[Conclusion] PCDD/Fs exposure level is positively correlated with fasting blood glucose level, and exercise can moderately attenuate this effect.

Keywords: polychlorinated dibenzo-dioxins and polychlorinated dibenzo-furans; exposure; fasting blood glucose; exercise; interaction
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B 15648 (57402%)0 FHABFBIFL. £5. & K1 ARWRESER

BEEEN. BARS. BRERESDHEELST Table 1 General information of study subjects

S BN (P>005), B R 54860 pCOD/Fs RE & [M i BAB N ceeupatons
(Ps~Pss)] 79022 (0.13~0.48) pg TEQ/ (kg-d) , FAE & Charscteriste (762 Ty o)
STHRZAAY PCDD/Fs FER 2 0.09 (0.05~0.10) pg TEQ/ (kg-d) S [Male, n (%)] 564 (74.02) 277 (72.70) 287 (75.33)  0.409
(P<0.05), RNV EEAH ABNTEMEFYKER z‘f%(izzs)&”) 37.71#8.78 37.86+8.00 37.574+9.51  0.649

(5.15+0.62) mmol/L, =T TR A BERY RS MAE T 1Y R EIEH (kg/m”, Xts) 23.2743.05 23.43:2.98 23.10:3.11  0.142

Body mass index

K (4.90£0.71) mmol/L (P<0.05)0 BRWERBAMX  mimsss 1n (0]

v 0.073
FRAABRMES XD 50 6.30%F3.15%, ERE  rowrEew
NIV m WHILAA (Current smoker) 291 (38.19) 133 (34.91) 158 (41.47)
FItFEEN (P=0.041), WK 1o 2R (Former smoker) 42 (5.51) 18 (4.72) 24 (6.30)
2.2 PCDD/Fs #EBE25ZEMIERXEXE MTIEIR (Never-smoker) 429 (56.30) 230 (60.37) 199 (52.23)

KA XAEERER S, ERETHERE LB 0] e
e REERERE, PCDD/Fs ZEB=EE T REMmiEKFE WHHRE (Current drinker) 279 (36.61) 123 (32.28) 156 (40.94)
2R EMIFEX (P<0.05), PCOD/FsEEESIE N1 BEIUE (Former drinker) 23 (3.02) 14 (3.67) 9 (2.36)
AN SR K S " L . MAERE (Never-drinker) 460 (60.37) 244 (64.04) 216 (56.69)
NEAN IR, TEMAEKFFHE 0.10mmol/L, & $RJ5 [Exercise, n (%)] 302 (39.63) 169 (44.36) 133 (34.94)  0.008
PR PCOD/Fs ERENMDMULIGHRIT RSN QI~Q4  #mRERESE [ (%)] 60008 33668  36(045) 0705

Family history of diabetes

404, (A AT RMBEKFLE QL AFE 021 mmol/L _
= mmol/L, xts)
(Pe<0.05)0 ZEEINERF BRIS L AIRE S RN Festingblood glucose
PN — MAESEE [n (%))
PCDD/Fs RESTHMIEZ BRI XEE, EBRBEIER  aonomu blosdglucoserate 36 @72 120315 24(630)  0.041

ROAANREAT XEMERIEE D, ER5F]  POU/HRER 011 0.09 022

5.03+0.68  4.90£0.71 5.15+0.62  <0.001

[pg TEQ/ (kg-d) , M (Pys™Pys)] - N N <0.001
—3%, 2, PCDD/Fs exposure level (0.08~0.22) (0.05~0.10) (0.13~0.48)
&2 PCDD/Fs REE5TREMMEKFRERXE [b (95%C1) ]
Table 2 Correlation between PCDD/Fs exposure level and fasting blood glucose level
DIBNER it} 5 PCDD/Fs* . b ) . P
Analysis phase Model Total PCDD/Fs at Q2 3 4 Ptrend
A n 762 194 187 190 191 —
N 1
RIFRE -0.06 (-0.10, 0.01) — -0.18 (-0.31, -0.04)  -0.05 (-0.18, 0.09) -0.12 (-0.25, 0.02) 0.299
Crude model
N "
ﬁ%*ﬁi 0.10 (0.04, 0.16) — -0.01 (-0.14, 0.12) 0.11 (-0.02, 0.25) 0.21 (0.07, 0.35) <0.001
Adjusted model
B n 752 188 188 188 188 —
NEESS =Eiul
RIFERE -0.03 (-0.10, 0.03) — -0.13 (-0.27, 0.01) -0.10 (-0.24, 0.05) -0.10 (-0.24, 0.04) 0.284
Crude model
AR
0.13 (0.06, 0.19) — -0.02 (-0.16, 0.12) 0.09 (-0.06, 0.23) 0.23 (0.07, 0.38) 0.004

Adjusted model

CE] A BE2ENER ; 8| ERERFEEE, FEKREPRIETFEE. M5 ARSI RERS. INERS. BREBER. BRESFERL (X
FADIINER) FREPRIBZIEE, a : PCOD/Fs R B2 B AN LR ; b : PCOD/Fs RS A AWHEHITHOUEK S, UTTEHNER
AT OMTR,

[Note] A: Including all subjects; B: Excluding diabetic patients. The adjusted model is adjusting for age, sex, body mass index, smoking status, drinking

status, exercise, diabetes prevalence (only analysis phase A), and family history of diabetes. a: Natural log transformed PCDD/Fs exposure level; b:
Quartiles of natural log transformed PCDD/Fs exposure level are included in the models as dummy variables.

2.3 FMTES5PCDD/FsEZEEWTEMMENFRE TPN XEMELIMEE, #—FSDHULZHESE
MR E(ER 5 PCDD/Fs B2 XT T RE MAB/K F MR EEA, b

EEINFER. M. AREEH. WEKR. X RERLW, ERETHMERRRRG, BHEMER
BN BEERTERAREEN ST mAERST 5 PCDD/Fs B BN TR MBI RN Z B FEAENR
MAERKF, FXLENLEE5 PCOD/Fs BEEMRIR  EEA (P<0.05), EMNZEE5 PCOD/Fs RE ZEIR
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IR EAER (P>0.05)0 TE 3,

K3 T E5PCDD/Fs ZREXNTIEMBEMNRE(ER
Table 3 Interaction between covariates and PCDD/Fs
on fasting blood glucose

o n (%) b (85%C) i
Fi8 (%) (Age, years) 0.006
<40 416 (54.59) 0.08 (0.02, 0.15)
>40 346 (45.41) 0.04 (-0.08, 0.15)
451 (Sex) 0.514
B (Male) 564 (74.02) 0.11 (0.03, 0.18)
1% (Female) 198 (25.98) 0.13 (0.03, 0.23)
<24 463 (60.76) 0.13 (0.02, 0.24)
>24 299 (39.24) 0.07 (-0.02, 0.15)
TR HEAROTE (Smoking status) 0.872
MAIRIR (Never) 429 (56.30)  0.12 (0.04, 0.19)
TR (Yes) 333 (43.70) 0.10 (-0.001, 0.20)

TRBEIRZS (Drinking status) 0.547

MARERE (Never) 460 (60.37) 0.11 (0.04, 0.19)
IRE (Yes) 302 (39.63) 0.10 (0.001, 0.19)

I (Exercise) 0.008

IR (Yes) 302 (39.63) 0.01 (-0.08, 0.10)
FRZ AR (No) 460 (60.37) 0.18 (0.10, 0.26)
VERBHKIEE
Family history of diabetes 0816
% (No) 693 (90.94) 0.10 (0.03, 0.16)
A (Yes) 69 (9.06) 0.23 (0.03, 0.43)

[3£] PCDD/Fs S8R B EY AT BT 1

[Note] Natural log transformed PCDD/Fs exposure level.

2.3.1 $ERA PCDD/Fs 258 =X == AR MAE/K F R ImAY
TEEH REERDHAIL, #IKXT PCDD/Fs HEE
SMTERIMAEKT 2 B XEX 4B &M, X35 PCDD/Fs
EEERBOSMUHSK4ARE, 23IFERIEENGR
ZRIEED DT PCOD/FsBREEMTEMEKEZ
BIRY KB M. L5RAM, PR TERREARRG, TRZ
WIKET, PCOD/Fs BRBESTEMBEKEEX, 7
FRENFIZ- RNXAR, 65 PCOD/Fs BEEMNF
5, TIRIEKFEEZAS (Per<0.001), BlYFREK
b 73 0.178 (95% CI : 0.096~0.260) ; i £ & 1% & 1,
FEUPCOD/Fs REES TREMMEKF Z BB KB
M. LB 1 (AL B)s

2.3.2 TFHRH PCDD/Fs BB EXT TR MAEKFE R IMAY
ZEEHA REFERZHAI, FEXT PCOD/Fs HEE
SMN=TEMEKT Z B XEEB M, FRIEFIR
DT, BIRRABED N <405 =405 AR AEE, 9
FTEFBANEEF 47 PCOD/Fs REES TR MEKTF
KB, ERAM, AR T RERFHRER, Fiik<40
LR ABER, PCOD/Fs BREBEES TEIEKTFE

*, £M4EEIFRE b 59 0.080 (95%CI : 0.015~0.145) , —
EBEMHNE-REKXFR (Pez<0.05) ; Flie>40 ZHIHH
RABH, TERIMYEKFREPCOD/Fs REEIEINE—
EF BB, BERLTRITFEEN. IE1 (C. D).
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[7F] Q1~Q4 535157~ PCDD/Fs & 2 E M DX (8], AR IE T 1%
Al AEIEEH. RIRIRE. UERES. FEREEREIAERR
Kk, #RE AR BEIMRIE T &6 ; RE CHI D EIMRIE T 1R
IRIE o

[Note] Q1-Q4 are the quartiles of natural log transformed PCDD/Fs

exposure level. The models are adjusting for sex, body mass index,
smoking status, drinking status, diabetes prevalence, and family
history of diabetes. Models A and B are additionally adjusting for
age; models C and D are additionally adjusting for exercise.

1 RZBIEE (A). BIEE (B). Fig<40% (C) M
Fi%>40% (D) AB¥H PCDD/Fs REE5TIEMMENX R
Figure 1 Correlation between PCDD/Fs exposure level and fasting
blood glucose level in those without exercise (A), with exercise (B),
aged <40 years (C) and aged >40 years (D) populations

3 itig

WRREBREMESNEREFRNER, L5
REFERFERERAS, MERELIENIERS
EFEE(TRXE, PCOD/Fs TEAFEBIRA BT H
¥, AT FIANER S BRI EPRXTF pcDD/Fs K5
EREFBNA D WBKFERTHAFR D e, &
S5-I 1234 2 _REREEEMXEER
HI3R1E 27, PCDD/Fs BB K ER = AV =8 MAEK
Figm b, HARMEREDF)8 1374 AR 2264 A
BB A BRI AT, PCDD/Fs &R B A B EBERTE
IR ES 200, XERRERHRLEIC—H 45H
REERKIAPCOD/Fs REESTIRINEKFZIIEE
*x, BEEFNE-RNXHK.

AEFIEAARERE T, BRI R EAMXIERA
=S FA PCDD/Fs Y TCDD F 4 HEFRE X ESCRE 259
(0.05~3.02) pg TEQ/m* #1 (0.03~0.13) pg TEQ/m?, BY¥I+
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PCDD/Fs B9 TCDD 4 HERERE TR 59 (0.002~
0.047) pg TEQ/g (LUEE1T) #1 (0.002~0.030) pg TEQ/g
(LUEE ) o, %55 U F0 E SN E B 5 (2220
X% 7E PCOD/Fs ERRI B EHF BT SHEBYFNE
£, XX PCDD/Fs BB S RBRERNXEHITIRIT, &
W R XS R PCOD/Fs REE (M (Ps~Pss)] 7011
(0.08~0.22) pg TEQ/ (kgd) , K& FRRAKIK T, BHFRT]
USR5 pCOD/Fs B B S TREMAE Z Bl B X BE, 79
PCDD/Fs ZE RIS EENAN D MEELITE T ABERIT
JRFIERE.

AR AR A REEE. WA UEE miEE
IHMBEE A, BIFEXT PCOD/Fs REE5 TS
WKFZEINXAREFEE—ENEBIRIER, EHRZ®]
BRABER, =REMAEK R PCOD/Fs REEMFHEM
e, BEBRBEABEPRELZMAE ZBRFEEEXX
R, XAJESHEAER/NEG X, I ABERITRE
IEERA, AERGE B TR MmEK TR 2 E R
BRI 7, BT X T HRIEKF PCOD/Fs BRE 28]
REEABAR. BIb, EARARF, 5 PCDD/Fs
RENTEMBENEMEEREER, T8 <405
BIABEH, PCDD/Fs BB E 5T MMBEKFE2IEMEX,
MEFE >40 5 B A BF PRI R E 1t R BX %, X 7]
RESERKEFREHMAZT MBEFMERE X @,
WAlRESHAFEAER/NE X,

AHRHREZUET, ARPF MBI IRB IR
ZHIPCOD/Fs BB ERM RN R F U AR X T IAHE
EMBYT PCOD/Fs SE2HERFE, RETUKIE
BASHBARBEBANENES, B5 “WHIR” A
B, TEBERGELIMBANE. 59 BAINERE
M MR EKTE, ERAERNBEMELLAIGEEA
ERE, FEEERANYE, EHTMAHEER, H
HENRBELERAB ER. &5, SEMEKTES
2L MAEZNTFH. PcOD/Fs iiE FESFAM, 5
PM,s EH7E, BRICEMRIRIT T PM,s 5 MEEKHE
FRIFERZ 8 BI% F B3, AHF5R XK 7E PCDD/Fs BY
TEERAN , B E 8 PM,s 5 PCDD/Fs Z [BJHIRZIM, Xt
F PCDD/Fs 5 I#E 2 BRI X BE 4 REEVERERRIR R, B
4235 N £ [E X 9 PCDD/Fs 5 H 55 W9 35 X 8
MR, 3 PCDD/Fs RTEE 5 TR MK Z 889K EX
HITE G EIRIT,

SRR, AARIEREUTERR, ¥ WRE
PCDD/Fs REEFfE 5 T MK FEASE X, R

RUEBBIECIRETAT PCOD/Fs BE S TRRIMMBAYIX
%o BRT=EMBEKTERZSHMRRNTIN, HF
B BRI T AR KEREAEHITIUE, H3
HEHITHHIRIRT, 79 PCOD/Fs REBF=ERIAR M3
R HE S8 I PRRRAYIEHE.
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