306 ﬁ-&#ﬂ‘!&(&% | Journal of Environmental and Occupational Medicine | 2019, 36(4)

B | PR RERERAI R RN

Special column: Health effects of phthalates

Fi5™ 300 BPEFE 2 BIERBEE
M FREHE R RV AESZ X PSS
BREBAE !, SOHRIOR., BRI, AR5’ AN S, B, IR

1. bsmEBEXERARAET XK BARSHC, £iF 200003
2. RIS EEMBRERAT, T T 315012
3. EBAERAHDEEREFRSBRIESIE, ZEBLAHIEEREELFLNE, £iF 200032

DOl 10.13213/j.cnki.jeom.2019.18809

I

[EB] 2R _REREE (PAEs) BIREABTIESE. ARET PAEs S EATIR (R
RRNPITE B E—MRABFPRIRE, B7E 2 2URRAE (T20M) BERERE, MR
BRI INEI T2DM IR £ R Be AR ETE T B LBHHKFEF 120M BERI PAEs REIF
o, FTEE AT AR IRAY B R XL,

[ 7575 ] RAERENMRIZT, WE2016F EBhEBAXEMXERN 300 & FEFE
T20M BEB—RBENUREE, KRB GIEREKFIE AN EPRF 6 75 I PAEs BY 10 T A5
YEITIRN, FHRENEREEHRSEYIREREHZMPAEs NS RMGITREE (D) ;
KAREER (H) EXBEZA PAEs WRRBEKTHATIHERIRRERN I, HX
FREMETDT—R A OEFHES PAEs B ER (HQ) M HIBIAER 14,

[4552 ] T2DM B & FRH 10 7 PAEs B MIAVH0 H R PR DR Z FER R P ES (Mmp) . PR H
FREFEAE (MBzP) M 2-RECE) BRZBEREE (MCMHP) 4b, 3979 100%. ALEFRIE
EHRERSNABE _FREZE (MEP) . PR ZHFERPIETE (Mnep) MR ZHE
BRTHE (MiBP) , HA 1%k 34 137.13. 265.73. 381.53 ug/g. MBzP A H = (88.3%) #
RE (1% 3.70 ug/g) AR K. 6 T PAEs 1, SBR_FRER— R T BE (DiBP) BY EDI {13
[12.95 ug/ (kg-d) ] imm FHAth 5 70 PAEs, SR _BRER— (2- ZE 2 E) B (DEHP) . DiBP 4R
KZHBERTIETE (DnBP) W HQH IS FHREZRIR - ZFE (DEp) MPEZFRTE
**E (BBP), 93579 0.1694. 0.1295F10.0818, HI= 1HIEREH 553 (18.33%) . FEFRIFEHR Ik
55 DEP. DiBP #1BBP BI HQ 2IEFE% (P<0.05)

(4510 BB XA EE T20M BERIEM PAEs MR REFEE—CENFRESHNG, TEX
JEF DEHP,

KA - PE_FPERES ; 2 BUKEPR ; BERE ; RIMBENRITM ; FFERH

Risk assessment of liver damage related to phthalates exposure in 300 elder diabetics from
Shanghai CHEN Wei-hua®, JIA Fu-huai*, CHEN Jing-si®, ZHANG Mei-ru®, ZHOU Xiao-feng?,
WU Min®, CHEN Bo®, LI Shu-guang® (1.Nanjing East Road Community Health Service Center of
Huangpu District, Shanghai 200003, China,; 2.Ningbo Yofoto Biotechnology Co., Ltd., Ningbo,
Zhejiang 315012, China; 3.Key Laboratory of Public Health Safety of Ministry of Education, School
of Public Health, Fudan University, Shanghai 200032, China)

Abstract:

[Objective] Phthalates (PAEs) have been reported to have hepatotoxicity. Several studies have
assessed the health risks of exposure to PAEs in general population, but not in patients diagnosed
with type 2 diabetes mellitus (T2DM) which would be aggravated by liver damage. In this study,
we aim to evaluate the levels of cumulative exposure to PAEs in elder T2DM patients and assess
the health risk of liver damage related to the exposure.

[Methods] A cross-sectional study was conducted. A total of 300 spot urine samples were
collected from elder T2DM patients from a community health service center of Huangpu District,
Shanghai in 2016. Liquid chromatography-tandem mass spectrometry was used to determine
10 metabolites of 6 kinds of PAEs in urine. Estimated daily intake (ED/) was calculated based on
the creatinine-adjusted concentrations of the 10 metabolites. Hazard index (H/) as a measure of
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health risk assessment was used to assess the liver damage induced by cumulative exposure to PAEs. The associations of demographic
characteristic with hazard quotient (HQ) and HI of PAEs were analyzed using linear regression.

[Results] Except mono-methyl phthalate (MMP), mono-benzyl phthalate (MBzP), and mono-2-carboxymethyl-hexyl phthalate (MCMHP),
the detection rates of the other 7 metabolites were 100% positive in urine samples of T2DM patients. Mono-ethyl phthalate (MEP),
mono-n-butyl phthalate (MnBP), and monoisobutyl phthalate (MiBP) showed highest levels, with the medians of creatinine-adjusted
concentrations being 137.13, 265.73, and 381.53 pg/g, respectively. Comparatively, the positive detection rate (88.3%) and the
concentration (median: 3.70 ug/g) of MBzP were the lowest. The ED/ of di-isobutyl phthalate (DiBP) was much higher than those of
the others, with a median of 12.95 ug/(kg-d). The HQs of di-2-ethylhexyl phthalate (DEHP), DiBP, and di-n-butyl phthalate (DnBP) were
much higher than those of di-ethyl phthalate (DEP) and butyl-benzyl phthalate (BBP), with medians of 0.1694, 0.1295, and 0.0818,
respectively. The participants (n=55) with HI = 1 accounted for 18.33% of total study participants. Having a family history of diabetes
was positively associated with the HQs of DEP, DiBP, and BBP (P<0.05).

[Conclusion] The exposure to PAEs may be a risk factor of liver damage among elder T2DM patients from Shanghai, and DEHP plays a

dominant role.

Keywords: phthalates; type 2 diabetes mellitus; hazard index; cumulative risk assessment; liver damage
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BRNIEBIIE (polyvinyl chloride, PVC) FEB I #4
EIREFRr 2N, XA ZERMmS
H=R LBKNEBMFIRENT 258, #H0
LHE. WIRIE., Bk R BRE R ENAMLKD,
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n-butyl phthalate, MnBP). 4B XK — BB iR 88 & T B
(monoisobutyl phthalate, MiBP). 8 — FRER BB R B
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%, DnBP. DiBP. BBP #{] DEHP B fF— % A BXATAEZ #51
B RV {E 493 3 79 100. 100. 200 # 20 pg/ (kg-d) 547,
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BT YBIR E (B FE MMP. MBzP A1 MCMHP B9 & /\
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KEZRENDH, AERED A HHITER, Bk
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BT HQH HI 2REDE, PEIXTEIEHITEAX
BERIR, FTE SUBER BIMEA M DA 30 TR,
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2.1 —f&ER

300 RHEET2OM BER, BN 1347 (44.7%) ,
ZME/ 166 % (55.3%) ; FRFUE N9 S ; ARE
F5#% (body mass index, BMI) H{iI$ /0 24.5kg/m? ; &
h44 ZBEGHASIR, 37 FEEFINESIR ; 179
ZEEERRBEREE, 111 BE2EEF5FARE (K1),
2.2 FR¥ PAEs Rit¥IRYRE

ZHEFRIESS, 3008 R EFET2DM B ERF
MEP. MnBP. MiBP. MEHP. MEOHP. MEHHP F1 MECPP
B9 ZE / 100.0%. MEP. MnBP F1 MiBP B R E xS
T ELfth PAEs X514, EAP(I$059 579 137.13. 265.73.
381.53 ug/go MBzP FYH%G 2R (88.3%) FIIRE (AR 1i%K
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x1 PEFHBERHBEBENELEES (n=300)

Table 1 Demographic characteristics of studied elder diabetics

451 (Characteristics)

43%5 (Distribution)

M3 [Sex, n (%)]
% (Male)
% (Female)
4 [Ages M (Pss Pys) , years]
B [Ethnic group, n (%)]
X I (Han)
Hth (Others)
BMI [M (Ps, Pss)]
X2 [Education, n (%)]
AEREE (College and above)
=1/ H% (High school/secondary vocational school)
INFRELT (Primary school and below)
AT ST [Smoking, n (%) ]
A (Yes)
FHE (No)
RETES [ (Alcohol drinking, n (%)]
TRE (Yes)
FIRE (No)
FARsE [(Surgery history; n (%)]
A (Yes)
7 (No)
FEPRAEZRIESE [ (Family history of diabetes, n (%) ]
B (Yes)
7 (No)

134 (44.7)
166 (55.3)

69 (64, 76)

299 (99.7)
1(0.3)

245 (22.2, 26.8)

43 (14.3)
225 (75.0)

32 (10.7)

44 (14.7)

256 (85.3)

37 (12.3)

263 (87.7)

111 (37.0)

189 (63.0)

179 (59.7)

121 (40.3)

®2 IERIERHESE 2 BERFBERERTR PAEs Li54)

RED (n=300, pg/g)

Table 2 Urinary creatinine-adjusted concentrations of PAEs
metabolites in studied elder diabetics

pAEs figty TR (%)

Positive Min P,
PAEs metabolite . ®
detection rate

P3s Max

R3 HEE2BIVERKESE 6T PAESHIEDI
[n=300, pg/ (kg-d)]
Table 3 EDI of 6 PAEs in studied elder diabetics

PAEs Min Pas M Pss Max
DEHP 0.14 1.56 3.39 6.16 441.23
DiBP 0.59 17.39 12.95 24.75 95.50
DnBP 0.38 4.47 8.27 15.24 128.73
DEP 0.14 217 4.40 13.43 51.94
DMP <0.01 0.75 1.49 3.37 2341
BBP 0.01 0.09 0.21 0.38 5.03

2.4 PAEs M fERFAEZ 1A 2R XS

DEHP. DiBP #1 DnBP #Y HQ B H1 1i ¥4 3z 75 F DEP #
BBP, 4351/ 0.1694. 0.12957%10.0818, DEHP (22.0598) .
DiBP (9.5497) #1DnBP (2.3079) M HQ R AEHIATF
1o 300 ZHEF T20M BER 5 Fh PAEs BY HI AL
0.4761 (K 4), HHA55ZBEHIEARTF1(18.33%),
B2REEWHIEART 10 (0.67%) o

x4 PEFENERFBEZMPAES NREEFMREEEN

(n=300)
Table 4 HQ and HI of PAEs in studied elder diabetics
HQ
PAEs/HI
Min Pys M Pss Max
DEHP 0.0069 0.0781 0.1694 0.3080 22.0598
DiBP 0.0059 0.0738 0.1295 0.2464 9.5497
DnBP 0.0068 0.0447 0.0818 0.1517 2.3079
DEP <0.0001 0.0027 0.0055 0.0170 0.0649
BBP <0.0001 0.0004 0.0010 0.0018 0.0252
HI 0.0229 0.2316 0.4761 0.8313 24,5127

=58, AHQRIPAIEFI R AEHEEE 5 70 PAES
B9 HI, 23RS T3k R £ ARYEY 9 DEHP, XA DiBP
#0 DnBP, TIEAZE&/\BY I BBP,

R5 HEFIEBRFEBESZETFE PAEs W EEEHH
TERE (n=300, %)
Table 5 The contribution of selected PAEs to HI in studied elder

MMP 99.7 0.02 23.70 47.44
MEP 100.0 3.81 69.16 137.13
MiBP 100.0 1437 216.26  381.53
MnBP 100.0 19.86 151.02 265.73
MBzP 88.3 0.04 1.60 3.70
MEHP 100.0 2.32 12.98 25.81
MEOHP 100.0 0.32 6.54 13.18
MECPP 100.0 0.46 12.83 22.89
MEHHP 100.0 1.04 13.54 29.92
MCMHP 96.3 0.26 5.15 9.17

107.41 827.90
413.72  1760.01
696.85 2331.40
492.44  8600.59
6.31 78.94
47.04  4492.69
24,06 1414.12
41.18 2347.72
52.41 3326.20
16.86 744.04

diabetics
PAEs Max
DEHP 39.11 64.87
DiBP 36.96 28.08
DnBP 22.38 6.79
DEP 0.19
BBP 0.07

MR IERE R, BRHBEKIESE S DEP. DiBP
M BBPRYHQ 21EHEX (P<0.05) (% 6),
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®6 FEF2EERFEDE PAEs REREFEZHREBENCSEAREEXRZNLERISD 8 (95%C1) ]

Table 6 Linear regression models of associations between health risk of liver damage due to PAEs exposure and basic characteristics for

studied elder diabetics

HI

HQ
255 (Variable)
DEP DiBP DnBP BBP DEHP
MR (Sex) 0.308 (-0.135~0.752)  0.018 (-0.230~0.265) 0.020 (-0.251~0.292) 0.231 (-0.064~0.527) -0.069 (-0.396~0.258)
Fil (Age) 0.005 (-0.020~0.029)  0.013 (-0.001~0.027) 0.016 (0.001~0.031)  0.002 (-0.014~0.018)  0.004 (-0.014~0.022)

BMI -0.015 (-0.068~0.039) -
%)@ (Smoking) 0.122 (-0.261~0.505)
X8 (Alcohol drinking) 0.392 (-0.806~0.021)
HEFRIRZR RS

Family history of diabetes

F AR (Surgery history)

0.305 (0.053~0.558) *

0.064 (-0.332~0.460) -

0.009 (-0.038~0.021)
0.083 (-0.131~0.297)
0.128 (-0.102~0.359)

0.175 (0.034~0.316) *

0.054 (-0.275~0.034)

-0.011 (-0.044~0.021)
-0.015 (-0.220~0.250)
-0.196 (-0.449~0.057)

-0.115 (-0.269~0.040)

0.104 (-0.138~0.346)

-0.018 (-0.054~0.018)
-0.118 (-0.376~0.141)
-0.139 (-0.414~0.137)

0.200 (0.031~0.369) *

-0.160 (0.324~0.104)

0.001 (-0.038~0.041)
0.083 (-0.200~0.366)

-0.168 (-0.473~0.137)
0.067 (-0.253~-0.119) -

-0.218 (-0.510~0.074)

-0.003 (-0.288~0.281)

0.011 (-0.04~0.027)

-0.005 (-0.040~0.029)

0.079 (-0.169~0.328)

-0.191 (-0.455~0.074)

0.161 (-0.324, 0.002)

-0.082 (-0.336~0.171)

[ (Note) ] * : P<0.05,

3 itig

E RSN PAEs BBIHEMNI R AZ A AR S
ZHEBHA, BEEN X TFTHhEFET2OM BEENH R, 4
B 5T AR #E 300 B H 3 4 T2DM 58 & FR A7 10 7 PAEs 1X
HYIRKE, HEESHREE, AWHERET 2
PAEs [5 BT BES B AV AT AR SR XU BLEH 1T 7 14,

S 53 R A BVET 52 LE f= PAEs AR ST4R B 5 — TN
TSI MNEIRR BB RERMELL, MBzP Y
HR{REER (3.70 ug/g vs 3.37 ug/g) , 1B ELMIAYL 5T
MIREERRAK | ZAFRAABE MEP (101.3ug/g)
MiBP (7.9 ug/g) A1 MEHP (5.3 pg/g) BIF I HUIIR T
B 3 5 1B 3% B 5 FF MEHHP (62.3 ug/g) « MEOHP
(41.4pg/g) F1MECPP (100.3 pg/g) Ay i ¥tk = e,
ETFHRERIMNMAZ T T20M B35 PAEs RE TG
Xk, EIEHERET2OM B E PAEs W R T K E,
Itegh, ANFR R AEFREGREYIRES HE—IN
73 BB ER (0093 %) RIMBE X ITEEAVER
HAELL, BRMCMHP SN, B oM S F i RIS
R, B RRIE PAEs RE 2R B RIRIMAERFE
wHEREREZ—, BIT2DM BETERFRERR
FREREMN PAEs TS ERK Y, ALt XAJgER 4
A T2DM BE A B PAEs REMWIIRE S F @A
BRE,

ASHFTARIE PR F PAEs U BIWIRE, HEEH D
K PAEs B9 EDIMEFN HI B, B TERIMRZ HITHEE
T2DM B3 PAEs B KU FIT SRR, FTARIARRAH
AB IR S Hi#1TH i A5Hf 55 DnBP # DiBP
HepfENETEE. EEH. SESER —MAED
#4E, DEHP MY EDI S HMESABIMN 2], AN FTEK
1EE R DiBP B HQ MR AR IR EIEMEX. AT A&
MARMABENRRFBAE, BRERBEREENEEL

BIER = (59.7%) , XPJ e S EDI B = T HAME
RWRERZ —. AHARF H{ENFR(IEK (047) B F
HE—MARFP60 % LU ERIES S 4 (0.06), HI>1
BILL11 (18.33%) i Tz KRB E = B 1% (1%) W,
X—HERIBRT2OM BEENR KRBT AHARFHN
PAEs REKFE, R REFREZHRNBREXCAEZ
Mo FFERAKREENMREIRE, PAEs TELAFAE
BIfRS, R KB ST 20 PAEs EMEBTE
AR S . RS IRABRAREANRER, REFE
A ERERFRERNREERZ—, BFEHENZ
ANEEEAHNEZERE, BZEIIENIAR, X
R Ak SIhEE, FLLAFIIREmRGH e LUBEE S
BB EMMBERFN AL LR, EIAH
FXY T2DM 5B A 1T PAEs B B RVFFAE S5 X BT B
B—EREN 2],

BARERER EETHEAEET2DMEE
B9 BT B 52 451 XU B2 3= B2 2R JR T DEHP : DEHP BY HQ X
HN R E RS, X—HHS DEHP EY) LKA
BRETESNAFESEMMER DEHP NS E R
8 [20pg/ (kg-d)] BRE X, 5S—FHE 5 DEHP Y
BZEENEREEX, FEB7 DEHP WEFEKAIR
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