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Thyroid function disrupting effects of fetal exposure to POPs on ADHD symptoms
in children
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We investigated the associations between Erenatal exposure to perfluoroalkyl
substances(PFASs) and the thyroid hormones(THs) and thyroid antibodies(TAs) in maternal and cord
blood while considering maternal TAs status. Maternal PFASs were differently associated with THs and
TAs of children between in maternal TA-negative group and TAs-positive group, and between boys and
girls. Additionally, we investigated the impact of maternal PFAS exposure on children’ s attention
deficit hyperactive disorder(ADHD) symptoms at 8 years with the mediating effect of TH and TA.
Significant inverse associations were found between some PFASs in maternal serum and ADHD symptoms
among Ffirstborn children. Assuming causality, we found only one significance: the maternal FT4
mediated 16.3% of the estimated effect of PFUNDA exposure on hyperactivity-impulsivity among
firstborn children.
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(1 PFASs FT3 TSH
FT4 TgAb 2
PFASs
1 PFAS n =365 or 259
PEASs All boys (n = 365 or 259) Maternal TA negative (n = 211) Maternal TA positive (n = 48) p-interaction
B (95% CI) p-value B (95% CI) p-value B (95% CI) p-value
TSH* PFOS (C8) 0.230 (0.074, 0.385) 0.004 0.389 (0.122, 0.656) 0.005 N.S. N.S.
PFDA (C10) N.S. N.S. —1.036 (—1.644, —0.428) 0.004 N.S.
FT3* PFDA (C10) N.S. —0.186 (—0.366, —0.006) 0.043 N.S. N.S.
PFUNDA(C11) N.S. —-0.172 (—0.329, —0.014) 0.033 N.S. N.S.
TgAb" PFOA (C8) N.S. —0.134 (—0.266, —0.002) 0.047 N.S. N.S.
PFTrDA (C13) N.S. —0.119 (—0.226, —0.013) 0.028 N.S. 0.008

“All boys” included 365 boys for the analysis of the associations between maternal PFASs and thyroid hormones (TSH, FT3, FT4), while 259 boys for the analysis of
the associations between maternal PFASs and TgAb. “N.5.” means not significant association. *p < 0.05, **p < 0.01.
PFAS: perfluoroalkyl substance, TA: thyroid antibody, TSH: thyroid-stimulating hormone, FT3: free triiodothyronine, FT4: free thyroxine, TgAb: thyroid peroxidase
antibody, PFOS: perfluorooctane sulfonate, PFOA: perfluorooctanoate, PFDA: perfluorodecanoic acid, PFUnDA: perfluoroundecanoic acid, PFTrDA: per-
fluorotridecanoic acid.

# Adjusted for maternal factors (age at delivery, parity, educational level, alcohol consumption, smoking during pregnancy, pre-pregnancy BMI, logFT4).

b Adjusted for maternal factors (age at delivery, parity, educational level, aleohol consumption, smoking during pregnancy, pre-pregnancy BMI).



2 PFAS n =336 or 240
PFASs All girls (n = 336 or 240) Maternal TA negative (n = 195) Maternal TA positive (n = 45) p-interaction
B (95% CI) p-value B (95% CI) p-value B (95% CI) p-value
TSH* PFDoDA(C12) N.S. =0.181 (=0.345, —0.018) 0.030 N.S. N.S.
FT3" PFDA (C10) N.S. 0.258 (0.057, 0.460) 0.013 N.S. N.S.
PFTrDA (C13) N.S. 0.226 (0.070, 0.382) 0.005 N.S. 0.031
FT4" PFDoDA(C12) N.S. N.S. —0.077 (—0.148, —0.006) 0.037 N.S.
TgAb" PFOA (C8) N.S. N.S. 0.266 (0.095, 0.437) 0.007 N.S.
PFNA (C9) N.S. N.S. 0.284 (0.070, 0.498) 0.015 N.S.
PFDA (C10) NS. N.S. 0.267 (0.145, 0.389) < 0.001 N.S.
Total PFASs N.S. N.S. 0.495 (0.205, 0.786) 0.004 N.S.

“All girls” included 336 girls for the analysis of the associations between maternal PFASs and thyroid hormones (TSH, FT3, FT4), while 240 girls for the analysis of
the associations between maternal PFASs and TgAb. “N.S.” means not significant association. *p < 0.05, **p < 0.01.
PFAS: perfluoroalkyl substance, TA: thyroid antibody, TSH: thyroid-stimulating hormone, FT3: free triiodothyronine, FT4: free thyroxine, TgAb: thyroid peroxidase
antibody, PFOA: perfluorooctanoate, PFNA: perflucrononanocic acid, PFDA: perfluorodecanoic acid, PFDoDA: perfluorododecancic acid, PFTrDA: per-
fluorotridecanoic acid.

* Adjusted for maternal factors (age at delivery, parity, educational level, alcohol consumption, smoking during pregnancy, pre-pregnancy BMI, logFT4).

b Adjusted for maternal factors (age at delivery, parity, educational level, alcohol consumption, smoking during pregnancy, pre-pregnancy BMI).
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3 PFAS ADHD
All children @ Boys® Girls®
Firstborn Second or later First-born Second or later First-born Second or later
p-int p-int p-int

OR 95% CI OR 95% Cl OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Total scores
PFHXS (C6) 0.61 (037, 101) 074 (042, 133) 0653 | 074 (037, 148 088 (0.37, 210) 0904 | 054 (0.5 1.18) 064 (029, 142) 0442
PFOS (C8) 049 (023, 106) 154 (0.68, 348 0208 | 055 (018, 169) 155 (049, 4.92) 0308 | 045 (015, 1.36) 141 (044, 450) 0515
PFOA (C8) 078 (045, 134) 160 (085, 3.02) 0117 | 091 (046, 178) 518 (163, 1651) 0011 | 067 (0.26, 175 087 (039, 191) 0.689
PFNA (C9) 075 (040, 140) 078 (0.37, 166) 0988 | 048 (0.18, 1.28) 049 (0.5, 164) 0773 | 1.09 (045, 265 105 (038, 292) 0.625
PFDA (C10) 0.64 (035, 1.16) 082 (039, 169) 0618 | 061 (027, 138 051 (0.18, 149) 0789 | 069 (0.26, 1.80) 115 (041, 321) 0477
PFUNDA(C11) 0.69 (046, 1.06) 113 (067, 192) 0320 | 0.79 (0.44, 1.42) 087 (0.42, 181) 0972 | 0.07 (0.00, 153) 147 (067, 323) 0.183
PFDODA(C12) 073 (042, 124) 097 (055 173) 0631 | 062 (030, 1.30) 125 (051, 305) 0225 | 087 (0.38, 198) 080 (038, 171) 0.613
PFTIDA (C13) 058 (036, 092) 155 (0.81, 2.96) 009 | 074 (0.39, 1.40) 142 (0.53, 383) 0527 | 047 (0.23, 097) 157 (065 378) 0.113

052 (0.23, 1200 142 (053 382 0198 | 054 (017, 1.73) 235 (0.49, 11.17) 0.212 | 045 (012, 170) 094 (025 3.54) 0617
Total PFAS (nmol/mL)
Inattention
PFHXS (C6) 0.64 (038, 107) 080 (044, 144) 0919 | 1.08 (052, 225 111 (045, 272) 0378 | 035 (0.10, 0.80) 059 (026, 1.33) 0.194
PFOS (C8) 057 (026, 125 185 (081, 4.23) 0349 | 124 (0.40, 3.86) 316 (0.97, 10.26) 0.697 | 027 (0.08, 089 100 (031, 3.24) 0505
PFOA (C8) 0.85 (049, 149) 114 (061, 215) 0653 | 099 (048, 200) 329 (111, 971) 0107 | 0.72 (0.8, 1.86) 062 (027, 1.40) 0.779
PFNA (C9) 0.82 (044, 154) 073 (035, 154) 059 | 075 (028, 200) 055 (0.18, 174) 0697 | 091 (0.37, 220) 088 (032, 244) 0607
PFDA (C10) 0.77 (042, 141) 084 (041, 173) 0892 | 088 (0.39, 202 073 (0.23 206) 0712 | 066 (0.25, 1.76) 093 (0.33, 263) 0.623
PFUNDA(C11) 0.69 (046, 104) 108 (0.73, 159) 0446 | 083 (048, 1.42) 103 (059, 178) 0723 | 050 (0.23, 1.07) 114 (065 201) 0.143
PFDODA(C12) 0.67 (039, 115 087 (0.49, 154) 0922 | 050 (0.23, 1.06) 146 (0.60, 358) 0271 | 091 (0.40, 209) 058 (027, 126) 0.231
PFTIDA (C13) 056 (0.35, 0.90) 158 (0.82, 3.03) 0093 | 062 (0.32, 118 157 (0.60, 411) 0355 | 055 (0.27, 113) 155 (0.63, 3.81) 0.199
Total PFAS (hmol/mL) | 0.67 (0.29, 154) 122 (046, 3.24) 0533 | 1.20 (037, 3.91) 290 (0.68, 12.37) 0599 | 0.29 (0.07, 116) 055 (0.14, 2.15) 0.747
Hyperactivity-impulsivity
PFHXS (C6) 061 (0.38, 098 094 (056, 159) 0.206 | 053 (0.28, 1.02) 0.77 (0.35, 168) 068 | 0.76 (0.37, 155) 119 (058, 242) 0.158
PFOS (C8) 039 (018, 082) 121 (059, 248) 0072 | 045 (016, 1.30) 100 (0.35, 283) 0488 | 032 (0.11, 095 179 (059, 538) 0.065
PFOA (C8) 078 (046, 130) 141 (082, 245) 0097 | 079 (041, 152 186 (0.70, 4.90) 0176 | 080 (0.34, 191) 129 (065 258) 0.303
PFNA (C9) 061 (033, 111) 101 (052, 1.94) 0213 | 032 (0.1, 083) 080 (0.8, 232) 0162 | 1.01 (0.44, 228) 014 (052, 294) 0812
PFDA (C10) 0.65 (037, 114) 117 (060, 2.25) 0138 | 067 (0.31, 1.44) 114 (041, 3.18) 0416 | 061 (0.25 149) 116 (048, 2.85) 0.245
PFUNDA(C11) 0.63 (042, 094) 120 (076, 191) 0058 | 0.66 (0.38, 1.15) 155 (0.70, 344) 0129 | 057 (0.30, 1.09) 1.03 (056, 1.88) 0.194
PFDODA(C12) 059 (035, 099) 114 (0.69, 1.90) 0046 | 045 (0.22, 092) 181 (0.7, 4.26) 0015 | 083 (0.39, 178) 090 (046, 176) 0.687
PFTIDA (C13) 059 (0.3, 092) 154 (0.89, 266) 0.055 | 0.60 (0.32, 1.10) 293 (1.06, 8.08) 0085 | 061 (031, 119) 120 (0.61, 2.36) 0.327
Total PFAS (nmol/mL) | 0.37 (0.16, 0.84) 144 (0.61, 3.40) 0.033 | 035 (0.11, 1.08) 157 (0.41, 6.08) 018 | 0.36 (0.10, 1.30) 1.69 (050, 574) 0.099

a: Adjusted for maternal factors (age at delivery, parity, educational level, pre-pregnancy BMI, alcohol



intake during pregnancy, smoking habit during pregnancy) and children’s sex.

b: Adjusted for maternal factors (age at delivery, parity, educational level, pre-pregnancy BMI, alcohol
intake during pregnancy and smoking habit during pregnancy).

p-int shows the p-interaction between two groups “first-born” and “Second or later”.

PFAS: perfluoroalkyl substance, PFHXxS: perfluorohexane sulfonate, PFOS: perfluorooctane sulfonate,
PFOA: perfluorooctanoate, PFNA: perfluorononanoic acid, PFDA: perfluorodecanoic acid, PFUnDA:
perfluoroundecanoic acid, PFDoDA: perfluorododecanoic acid, PFTrDA: perfluorotridecanoic acid.
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