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Association between phthalates and high-density lipoprotein-related inflammatory

indicators
ZHANG Yanzi, ZHU Xiuling, LI Kai, ZENG Wengian, GUO Bing Faculty of Epidemiology and Health Statistics,
West China School of Public Health/West China Fourth Hospital , Sichuan University, Chengdu, Sichuan, China

[Abstract] Objective To investigate the association of urinary phthalate metabolites with 4 high-
density lipoprotein-cholesterol(HDL-C) -related inflammatory indicators [lymphocyte/HDL-C ratio (LHR),
monocyte/HDL-C ratio (MHR), neutrophil/HDL-C ratio (NHR), and platelet/HDL-C ratio (PHR)], and to
explain their possible biological mechanisms. Methods The 4 573 adult participants from the National
Health and Nutrition Examination Survey (NHANES) were subjected, and then generalized linear regression
(GLM), restricted cubic spline (RCS), and weighted quantile sum (WQS) regressions were performed to explore
the potential associations of phthalates mono-exposures and mixed exposures, respectively, with the HDL-C-
related inflammation metrics. Results Nine urinary phthalate metabolites were significantly positively
associated with at least 1 inflammatory marker, while 1 metabolite (MEP) showed a negative association with
an inflammatory indicator (LHR). Some exposure metabolites showed a nonlinear association with outcome

inflammatory indicators. WQS regression revealed varying weight contributions of individual metabolite to
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each inflammatory outcome. Subgroup analyses indicated differential association effects of phthalates with

HDL-C-related inflammatory metrics across gender, age, and BMI populations. Conclusion There are

associations between phthalate exposure and HDL-C-related inflammation indicators, but further studies are

needed to reveal the underlying mechanisms.
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NHANES Participants from
2005~2018 (N=70 190)

Exclusions:
Age < 20 years (N =30 441)
\Pregnant women (N=672)

N =239 077 eligible for the
study population

Further Exclusions:
Missing exposure data (V=27 179)
Missing outcome data (V=1 308)

\Missing covariate data (V=6 017)

Final analysis included
N =4 573 participants
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Figure 1 Inclusion and exclusion criteria for participants
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Table 1 Baseline characteristics of participants

All Male Female
N=4 573 N=2 458 N=2115 g
Age (Year) 42.6x14.0 42.8+14. 1 42.5+13.9 0. 420
Education attainment <0. 001
Less than high school 763 (16.7%) 477 (19. 4%) 286 (13.5%)
High school graduate 1009 (22. 1%) 569 (23. 1%) 440 (20. 8%)
Above high school 2801 (61.3%) 1412 (57.4%) 1389 (65.7%)
PIR 0. 451
<1.3 1043 (22.8%) 544 (22.1%) 499 (23. 6%)
1.31~3.5 1669 (36.5%) 899 (36. 6%) 770 (36. 4%)
>3.5 1861 (40.7%) 1015 (41.3%) 846 (40. 0%)
Smoking <0. 001
Yes 1 826 (39.9%) 1114 (45.3%) 712 (33.7%)
No 2747 (60. 1%) 1344 (54.7%) 1403 (66.3%)
Alcohol consumption <0. 001
Non-drinker 1236 (27.0%) 482 (19.6%) 754 (35.7%)
Light 1448 (31.7%) 965 (39.3%) 483 (22.8%)
Moderate 812 (17.8%) 340 (13. 8%) 472 (22.3%)
Heavy 1077 (23. 6%) 671 (27.3%) 406 (19.2%)
Dietary types <0. 001
Normal 3938 (86. 1%) 2179 (88. 6%) 1759 (83.2%)
Low calorie diet 400 (8. 8%) 162 (6. 6%) 238 (11.3%)
Low fat diet 69 (1.5%) 38 (1.6%) 31 (1.5%)
Low salt diet 32 (0.7%) 17 (0.7%) 15 (0.7%)
Low sugar diet 8 (0.2%) 5(0.2%) 3(0.1%)
Other special diet 126 (2.8%) 57 (2.3%) 69 (3.3%)
BMI (kg/m®) <0. 001
<25 1328 (29.0%) 645 (26.2%) 683 (32.3%)
25~30 1515 (33.1%) 937 (38. 1%) 578 (27.3%)
>30 1730 (37.8%) 876 (35. 6%) 854 (40. 4%)
Hypertension <0. 001
Yes 2047 (44.8%) 1228 (50.0%) 819 (38.7%)
No 2526 (55.2%) 1230 (50. 0%) 1296 (61.3%)
Diabetes 0. 005
Yes 520 (11.4%) 310 (12. 6%) 210 (9. 9%)
No 4053 (88.6%) 2148 (87.4%) 1905 (90. 1%)
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Table 2 Distribution of urinary phthalate metabolites and blood cell counts

Variables Detection Rate(% ) Geometric Mean(GM) First Quartile(Q1) Median(M) Third Quartile(Q3)
HDL-C/(mg/dL) / 50. 90 42.00 51.00 62. 00
LYM/(10’cells/ul.) / 2.12 1.70 2.10 2. 60
MON/(10°cells/ul.) / 0.54 0. 40 0.50 0. 60
NEU/(10cells/ul.) / 3.96 3.10 3.90 5.00
PLT/(10°cells/ul.) / 243.89 209. 00 243.00 286. 00
LHR / 0.05 0.03 0. 04 0. 06
MHR / 0.01 0.01 0.01 0.01
NHR / 0. 09 0. 06 0.08 0.11
PHR / 4.86 3.75 4.87 6.17
UCR/(mg/dL) / 104. 66 69. 00 120. 00 176. 00
MCNP/(ng/mL) 96. 16 2.67 1. 10 2.20 4.40
MCOP/(ng/mL) 98.76 10. 44 3.50 8.10 22.90
MECPP/(ng/mL) 99. 85 16. 55 6.70 14.50 32.60
MnBP/(ng/mL) 98. 62 12. 60 5.90 12.90 25.70
MCPP/(ng/mL) 91.83 2.35 0. 80 1.80 4.00
MEP/(ng/mL) 99.79 64.17 20. 20 55.00 178. 01
MEHHP/(ng/mL) 99. 48 11.20 4.20 9.80 22.10
MiBP/(ng/mL) 98. 36 7.83 3.70 7.90 14.90
MEOHP/(ng/mL) 99. 26 7.08 2.70 6.00 13.17
MBzP/(ng/mL) 98. 05 5.52 2.00 5.04 11.70

HDL-C: high-density lipoprotein cholesterol; LYM: lymphocyte count; MON: monocyte count; NEU: neutrophil count; PLT: platelet
count; LHR: lymphocyte to HDL-C ratio; MHR: monocyte to HDL-C ratio; NHR: neutrophil to HDL-C ratio; PHR: platelet to HDL-C
ratio; UCR: urinary creatinine; MCNP: mono (carboxyisononyl) phthalate; MCOP: mono (carboxyisooctyl) phthalate; MECPP: mono-2-
ethyl-5-carboxypentyl phthalate; MnBP: mono-n-butyl phthalate; MCPP: mono(3-carboxypropyl) phthalate; MEP: mono-ethyl phthalate
MEHHP; mono (2-ethyl-5-hydroxyhexyl) phthalate; MiBP: mono-isobutyl phthalate; MEOHP: mono (2-ethyl-5-oxohexyl) phthalate;
MBzP: mono-benzyl phthalate
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Figure 2 Spearman’s rank correlation coefficients of urinary MCNP . MCOP 5 R AEFa #5271 [n] 2B ; BMI=30 keg/ m’
phthalate metabolites . N
F AR, MCPP 5 LHR \NHR .PHR £ IEAH ¢ .



http://aammt. tmmu. edu. cn Bl 2222 155 R mi 4R, 2025,47(16) 1945

LHR
Exposure B (95% Cl) P_Value
MCNP »—IJI—O -0.0023 (-0.0152 , 0.0107) 0.7313
MCOP IFI—! 0.0096 (-0.0002 , 0.0194) 0.0560
MECPP 0:—.—0 0.0097 (-0.0016 , 0.0210)  0.0929
MnBP : ———&— 0.0177 (0.0033 , 0.0322) 0.0162
MCPP Ip—I—c 0.0122 (0.0004 , 0.0239) 0.0426
MEP b—l—: -0.0087 (-0.0175 , 0.0001) 0.0534
MEHHP : —— 0.0151 (0.0045 , 0.0258) 0.0054
MiBP i ———#——+ 0.0206 (0.0050 , 0.0361) 0.0097
MEOHP :o—l—c 0.0122 (0.0012 , 0.0232) 0.0293
MBzP r:—l—i 0.0110 (-0.0014 , 0.0234) 0.0813
0.|01 (I) 0.61 0.02 0.03 A
NHR
Exposure B (95% CI) P_Value
MCNP n—li—c 0.0007 (-0.0130 , 0.0145) 0.9167
MCOP : —s— 0.0167 (0.0062 , 0.0271) 0.0018
MECPP P:—I—i 0.0092 (-0.0028 , 0.0213)  0.1323
MnBP 0:—!—4 0.0143 (-0.0011 , 0.0297)  0.0680
MCPP : ———&— 0.0217 (0.0092 , 0.0342) <0.001
MEP '—l:—l -0.0017 (-0.0111 , 0.0076) 0.7199
MEHHP b—:—l—! 0.0085 (-0.0028 , 0.0199)  0.1403
MiBP 0—:.—0 0.0007 (-0.0159 , 0.0173)  0.9360
MEOHP I\—I—i 0.0121 (0.0004 , 0.0237) 0.0434
MBzP : ——#—  0.0167 (0.0036 , 0.0299) 0.0129
—OA|01 (I) Ob1 0})2 OA|O3 c

MHR

Exposure B (95% CI) P_Value

MCNP —— -0.0072 (-0.0196 , 0.0052) 0.2568

MCOP :0—l—1 0.0107 (0.0013 , 0.0202) 0.0257
MECPP O—P—| 0.0009 (-0.0100 , 0.0117)  0.8729
MnBP :l—l—c 0.0154 (0.0015 , 0.0293) 0.0297
MCPP n—:—I—l 0.0045 (-0.0068 , 0.0157) 0.4395
MEP b—l—:—i -0.0037 (-0.0122 , 0.0047) 0.3889
MEHHP r—:—l—i 0.0058 (-0.0044 , 0.0160) 0.2675
MiBP i ———#— 0.0218 (0.0069 , 0.0368) 0.0042
MEOHP »—:—I—o 0.0055 (-0.0051 , 0.0161) 0.3070
MBzP :b—l—i 0.0144 (0.0025 , 0.0263) 0.0177
961 8 obrob2obs 8
PHR
Exposure B (95% CI) P_Value
MCNP n—dl—i -0.0016 (-0.0121 , 0.0089) 0.7635
MCOP D—I—}‘ -0.0067 (-0.0147 , 0.0013) 0.0991
MECPP : —#— 0.0348 (0.0256 , 0.0439) <0.001
MnBP : ——#— 0.0361 (0.0244 , 0.0478) <0.001
MCPP :n—l—c 0.0109 (0.0013 , 0.0204) 0.0256
MEP : —— 0.0136 (0.0064 , 0.0207) <0.001
MEHHP : — 0.0319 (0.0233 , 0.0405) <0.001
MiBP 0—.—5—1 -0.0060 (-0.0186 , 0.0067) 0.3545
MEOHP : —— 0.0320 (0.0231 , 0.0409) <0.001
MBzP : —— 0.0258 (0.0158 , 0.0358) <0.001
-0.'01 (I) 0}010}020}030.64 D

All results were adjusted for age, sex, race, education level, family income-to-poverty ratio, occupation, BMI, smoking, alcohol

consumption, dietary type, hypertension, and diabetes.
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Figure 3 Generalized linear regression analysis of PAEs and inflammatory markers
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