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Relationship between adult’s cardiovascular diseases and ethylene oxide exposure: Based on NHANES 2013~2018, MAO
Jin-hua, CHENG Xu, WEI Qiong, ZHANG Dong-mei (Dongzhimen Hospital, Beijing University of Traditional Chinese Medicine,
Beijing 101121, China). China Environmental Science, 2025,45(11): 6423~6432

Abstract: The relationship between ethylene oxide (EO) and cardiovascular disease risk was investigated in this article. A total of
5041 adults were enrolled, and ethylene oxide levels were measured in serum using hemoglobin ethylene oxide conjugate (HbEO) as
a biomarker. Data were obtained from the National Health and and Nutrition Examination Survey (NHANES) database in the United
States between 2013 and 2018. Weighted logistic regression models and restricted cubic spline plots were used to examine the
dose-response relationship between HbEO and cardiovascular disease risk. Subgroup analyses were conducted to evaluate
heterogeneity in the study. Through multiple regression analysis, it was found that serum HbEO levels were positively associated
with cardiovascular disease risk, and statistical significance was maintained after adjustment for multiple confounders (OR: 1.15,
[95% CI: 1.02~1.30], P=0.021). For most cardiovascular diseases, increased exposure to ethylene oxide was associated with elevated
OR values, although this increase was not always statistically significant. Additionally, HbEO was positively correlated with the
incidence of angina pectoris and heart attack, with the highest OR values observed after full adjustment (OR=1.36 [95% CI:
1.11~1.68] and OR=1.35 [95% CI: 1.14~1.60], respectively). Angina pectoris was the most affected outcome.A significant non-linear
relationship was identified between HbEO and overall cardiovascular disease risk (P-overall=0.002, P-non-linear=0.006).
Dose-response analysis indicated that elevated serum HbEO levels were associated with an increased risk of angina, with evidence
supporting a linear relationship (p-overall=0.012, p-non-linear=0.748). A significant non-linear association was also observed
between HbEO and heart attack risk (p-overall<0.001, p-non-linear=0.011).In summary, ethylene oxide metabolites in the blood were
associated with an increased incidence of cardiovascular diseases, particularly angina pectoris and heart attack. Further research is
needed to confirm these findings.

Key words: cardiovascular disease; ethylene oxide; cross-sectional study; NHANES

B AR FEERAL IR, O IR (CVD) A A BRAE T (1) 8 22 J5 AL B A il 1800 )7 At
LR 2GR B e F R AL P s Ut B A 1 2 R 22 R DR 25 A U T f 4
BRI FGET AT BT U RN E ymam. 20050002
TERER D AR DAL G DM L * SRS, HF5U, chaweto@]26.com




6424 g

I 45 %

R B AR 4y FREEABAL S5 SR 25 A
ANTFANAAT g S8 FR R ) XL 557 508 1 A B8 AU
DI AN s . p Ak . v AR . HEJRE . WA
18 B AN JE S5 [ AR T AHEAT I AN BB 58 A R o I
P R IR LRI,

AR A BTG Y 2 i B B L G R &
St I A A R (4 5 T ] 2532 B S6vE ST B AT 2 R
W], IR LA (EO) 500 L B 5 (CVD) XU 22 [17]
AFAE SB35 AR DG LAy — b Dol Ak 2 5, )iz
FFAE A R BE2 A Ml B 2 AN BEO A
A R RN G R, AE Tl AR P R el
A TR R AT SRR B L T
I IR e AN 238 e BRI % R S AH DG TAE N
REIE e B 2l 25, K. AR 2 Ry
i — e NFE R BT EO 75 S R LU TE A
T AF RN SR N1 = B g 44 5l N 3 22
W2 S FHE S MR R AR T
EOM LW b, W N J Hi 43 vl 38 281 i 34 8, 1 2
IR, 2 20~30min.— IR LEO 23 ik A
L3, 3 40 A 3 4 B LA D — i S S PEAL A, EO
IRZE 5 LR AN B 1 FUAH ELAE L 3 BUB B Lkt
(RT3 (0042 (HDEO), X # N A 2 VPl EO %
Fe BT SE A kRS HOEO 2 ) 5 41 41
FEa—EONEL) 120d), 75452140 M 322 s mid
TR B EO AR 28 PR .

CL AT RISl v ) 2 P B 4 b 5 B
T RE 5 0 L S [ 0 AR A T s DA e O 3R 2
Fe ] BEA L 5| A S AL N JE S DA KOG L Py
BB L, SRS R R A
1B H R R 4R £ 2% 5 6T 500 I S5 11 9888 AE 5% T 1
= g — I RE i, T B P T O R AT
I3 2E T, AR N I3 W1 R £ Bk 1 5 0 1L 55 R
Z A 00 R A SCR) SR R ORE 3R R A
(NHANES) E 4 BRI 48 £ 4ot 5 i %00 ML 55 {5
[V LE S, Ry 8 36 AR BORBR AR A 4.

1 #MRFENAE
1.1 WAL
AWFFAEH T 2k 3 2013~2018 4E[A)ES: 3 4N )E

3T 1 4 4 B AT IR B A 1 A (NHANES) $4fs
NHANES #0422 73 J= « 2 e BRI BBt

FH 5% [ 4 i) 5 1) 0 (CDC) B R B AE SR vt
LY(NCHS) 2 208144 RS 0 iR ST 4238 3k 7% 3h Ay 2 v
DAMEC)BHT B i N D Geih 5 B IR,
S S KA M g LIS T AE N SR AT
I KA 2 A LIRS T 20 2 UL B SAE A (n=
17960),FF B T %A sk A S h 5 #5(10226  N)A
Bl M A P 45 5157 ), IR T 178 B 5
PR (10 55%(2536 N), B EFEARECh 5041 N AFH
FEA B RHERR bR UE VRN S a0 1 R

NHANES 2013-2018
(n=29,400)
<20 % (n = 11,440)
Ei =20 %
(n=17,960)
Hebk:
KR LIRBIREE (n=10,226)
DM FR B (n=157)
n=1571
Hibk
HEREHRE L0 =12)
WS IRR AR Bk (n = 8)
PRTEANEAR L (n=357)
W JRBR 5L E 0 e S (n = 330)
RS ER R (n = 853)
FERIREARGR R (n=976)
RAW TN &R
(n=5,041)

1 AR S 5E TR

Fig.1 Flowchart of participantenrolled in the study
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Table 1 Basic characteristics of participants

R M (WV=5041) 4 CVD(N=4519) CVD(N=522) il P1H
PEH(%) 24.04 <0.001"
B lcs 2472 (49.04) 2163 (47.86) 309 (59.20)
Lk 2569 (50.96) 2356 (52.14) 213 (40.80)
IR (%) 394.71 <0.001"
<60 % 3320 (65.86) 3180 (70.37) 140 (26.82)
>60 % 1721 (34.14) 1339 (29.63) 382 (73.18)
USRS (%) 7.29 0.007"
WA/ B/ 03 i WK 2505 2003 (39.73) 1767 (39.10) 236 (45.21)
O/ 5 AR A 3038 (60.27) 2752 (60.90) 286 (54.79)
Tliz(%) 67.61 <0.001"
P EE R E A 754 (14.96) 712 (15.76) 42 (8.05)
FoAb R 7 527 (10.45) 480 (10.62) 47 (9.00)
SR ISPN 1888 (37.45) 1624 (35.94) 264 (50.57)
RPN 1048 (20.79) 926 (20.49) 122 (23.37)
oAbz 824 (16.35) 777 (17.19) 47 (9.00)
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g1
S RH(N=5041) 4: CVD(N=4519) CVD(N=522) itk PAE
BMI(%) 9.74 0.008"
<25 1393 (27.63) 1277 (28.26) 116 (22.22)
25~29.9 1618 (32.10) 1448 (32.04) 170 (32.57)
>30 2030 (40.27) 1794 (39.70) 236 (45.21)
KRNI (%) 11.57 0.003'
<1.30 1582 (31.38) 1401 (31.00) 181 (34.67)
1.31~3.49 1905 (37.79) 1691 (37.42) 214 (41.00)
>3.5 1554 (30.83) 1427 (31.58) 127 (24.33)
HHIKTF(%) 31.36 <0.001"
9 EHZLUT 494 (9.80) 432 (9.56) 62 (11.88)
9~11 4E4 590 (11.70) 516 (11.42) 74 (14.18)
e EEV/GED B[R 252 1173 (23.27) 1018 (22.53) 155 (29.69)
KT AA 224 1528 (30.31) 1388 (30.71) 140 (26.82)
K% KL B2 1256 (24.92) 1165 (25.78) 91 (17.43)
WA (%) 0.47 0.492'
i 3860 (76.57) 3454 (76.43) 406 (77.78)
2 1181 (23.43) 1065 (23.57) 116 (22.22)
W (%) 69.72 <0.001"
A 883 (17.52) 794 (17.57) 89 (17.05)
s 749 (14.86) 608 (13.45) 141 (27.01)
IAE 3409 (67.63) 3117 (68.98) 292 (55.94)
SR S(%) 8.97 0.011'
fiK 2958 (58.68) 2629 (58.18) 329 (63.03)
th 1040 (20.63) 929 (20.56) 111 (21.26)
&) 1043 (20.69) 961 (21.27) 82 (15.71)
5 1M (%) 227.83 <0.001"
i 2730 (54.16) 2610 (57.76) 120 (22.99)
& 2311 (45.84) 1909 (42.24) 402 (77.01)
Bl PRI (%) 162.41 <0.001"
i 1123 (22.28) 892 (19.74) 231 (44.25)
& 3918 (77.72) 3627 (80.26) 291 (55.75)
HbEO(432K) 80 + 131 78 + 127 100 + 165 -2.97 0.003%
In_HbEO 371 + 1.01 3.70 £ 0.99 3.80 = 1.13 -1.96 0.050%
In_HbEO (Continuous)(Mean (IQR)) 4.39 0.223"
Q1[2.21,3.04) 1257 (24.94) 1118 (24.74) 139 (26.63)
Q2[3.04,3.39) 1247 (24.74) 1136 (25.14) 111 (21.26)
Q3[3.39,4.06) 1273 (25.25) 1142 (25.27) 131 (25.10)
Q4[4.06,7.43) 1264 (25.07) 1123 (24.85) 141 (27.01)
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2R THEFS Y MEE ARl . TR, BRR.
FBELT NN  #OH K USRS - AR EEFREL
WA A I SRS S ACE . BB . L
SEPMAR 5 HDEO /K150 AR J7 Rr 56 22 1] 5%
A AEX In_HbEOCH $% L [¥) HDEO /K1) 1 hy ik
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Table 2 Multivariate regression analysis of the impact of ethylene oxide on cardiovascular diseases

P B 1 R 2 Bl 3
OR(95% CI) P 1H OR(95% CI) P1H OR(95% CI) P{H
N IRE=RVST
In_HbEO (continuous) 1.10(1.01~1.20) 0.030 1.15(1.04~1.27) 0.006 1.15 (1.02~1.30) 0.021
Q1 - - -
Q2 0.79(0.60~1.02) 0.072 0.91(0.68~1.20) 0.487 0.87(0.65~1.16) 0.345
Q3 0.92(0.72~1.19) 0.532 1.04(0.79~1.37) 0.762 0.93(0.69~1.25) 0.631
Q4 1.01(0.79~1.29) 0.938 1.18(0.89~1.56) 0.251 1.10(0.78~1.55) 0.594
P 0.662 0.188 0.664
FEILE L T S
In_HbEO (continuous) 1.05(0.90~1.24) 0.513 1.10(0.92~1.30) 0.293 1.00(0.81~1.23) >0.999
Ql - - -
Q2 0.64(0.39~1.04) 0.074 0.74(0.45~1.22) 0.238 0.67(0.40~1.13) 0.134
Q3 0.87(0.55~1.36) 0.530 0.98(0.62~1.56) 0.937 0.74(0.44~1.23) 0.241
Q4 0.90(0.57~1.40) 0.632 1.05(0.65~1.71) 0.830 0.76(0.42~1.38) 0.371
P 0.899 0.661 0.374
In_HbEO (continuous) 0.96(0.83~1.12) 0.624 1.08(0.92~1.26) 0.353 1.14(0.94~1.37) 0.189
Ql - - -
Q2 0.60(0.40~0.91) 0.016 0.72(0.47~1.11) 0.135 0.76(0.49~1.18) 0216
Q3 0.74(0.50~1.09) 0.123 0.86(0.57~1.29) 0.457 0.84(0.54~1.31) 0.447
Q4 0.72(0.49~1.07) 0.107 1.06(0.69~1.63) 0.793 1.20(0.71~2.04) 0.490
P 0.177 0.816 0.703
RSl
In_HbEO (continuous) 1.34(1.15~1.57) <0.001 1.42(1.20~1.69) <0.001 1.36(1.11~1.68) 0.003
Ql - - -
Q2 1.28(0.73~2.22) 0.385 1.51(0.86~2.66) 0.149 1.45(0.81~2.57) 0.208
Q3 1.12(0.63~1.97) 0.698 1.29(0.72~2.31) 0.384 1.08(0.58~2.00) 0.801
Q4 2.03(1.22~3.36) 0.006 2.60(1.51~4.47) <0.001 2.16(1.13~4.12) 0.020
P 0.009 0.002 0.057
ISR R AE
In_HbEO(continuous) 1.28(1.13~1.45) <0.001 1.36(1.18~1.56) <0.001 1.35(1.14~1.60) <0.001
Q1 - - -
Q2 0.84(0.55~1.28) 0.413 1.00(0.64~1.54) 0.984 0.96(0.61~1.50) 0.853
Q3 0.90(0.60~1.36) 0.629 1.02(0.66~1.56) 0.930 0.86(0.54~1.37) 0.529
Q4 1.40(0.96~2.04) 0.078 1.72(1.14~2.60) 0.009 1.49(0.90~2.47) 0.117
P 0.059 0.014 0.220
R
In_HbEO (continuous) 1.12(0.98~1.28) 0.095 1.12(0.97~1.30) 0.117 1.11(0.93~1.32) 0.238
Q1 - - -
Q2 0.94(0.62~1.43) 0.778 1.06(0.69~1.63) 0.786 1.02(0.66~1.57) 0.939
Q3 1.16(0.78~1.73) 0.458 1.26(0.83~1.90) 0.273 1.17(0.76~1.81) 0.479
Q4 1.15(0.77~1.71) 0.495 1.21(0.79~1.85) 0.389 1.12(0.67~1.85) 0.668
P 0.331 0.280 0.544
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