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Association between vanadium exposure and children’s attention deficit hyperactivity disorder
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Abstract:

[Background] Vanadium is a toxic metal element with a wide range of applications and people
can be generally exposed to vanadium. At present, studies investigating the effect of vanadium
exposure on offspring’s neurodevelopment are scarce.

[Objective] This study aims to determine vanadium exposure levels of pregnant women and
newborns in Ma’anshan city and to explore the association of vanadium exposure with the risk of
attention deficit hyperactivity disorder (ADHD) symptoms among children.
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[Methods] The recruitment to the Ma’anshan Birth Cohort was between May 2013 and September 2014. A total of 3474 women from
Ma’anshan Maternal and Child Health Care Center, and 2922 mother-newborn pairs were finally enrolled in this study. We collected
maternal peripheral blood samples during the first and second trimesters and neonatal umbilical cord blood samples. The concentrations
of serum vanadium in maternal peripheral blood and neonatal umbilical cord blood were determined by inductively coupled plasma
mass spectrometry. Children’s ADHD symptom scores were assessed by the Chinese version of the Conners Abbreviated Symptom
Questionnaire at follow-up visits of 36-month-old children between October 2016 and April 2018. We converted serum vanadium
concentrations by natural logarithm and divided serum vanadium concentrations into low (<Ps), medium (Pas-<P7s), and high (>Ps) level
groups according to the distribution of serum vanadium levels. Binary logistic models were performed to analyze the association between
exposure to vanadium and the risk of ADHD symptoms among children.

[Results] The positive rates of vanadium in maternal peripheral serum and neonatal umbilical cord serum were both 100.00%. The M
(P2s-Ps5) concentrations of serum vanadium in the first trimester, second trimester, and umbilical cord blood were 1.46 (1.29-1.65), 1.41
(1.20-1.65), and 1.56 (1.31-1.85) pg-L™, respectively. The mean child age at the time of ADHD symptoms assessment was (36.28+1.82)
months old, and the positive rate of reporting ADHD symptoms was 6.40%. After adjusting for selected confounding factors, the risk
of ADHD symptoms among children increased to 4.70 (95% Cl: 2.04-10.80) times for each unit increase of natural logarithm of serum
vanadium in the first trimester; compared with the low level group, the high level group of serum vanadium in the first trimester showed
an increased risk of ADHD symptoms (OR=2.13, 95% CI: 1.33-3.43); the associations between serum vanadium levels in the second
trimester and umbilical cord blood and the risk of ADHD symptoms among children showed no statistical significance (all Ps>0.05). By
sex stratification, for each unit increase of natural logarithm of serum vanadium in the first trimester, the risk of ADHD symptoms among
boys and girls increased to 3.66 (95% C/: 1.31-10.25) times and 6.73 (95% CI: 1.65-27.40) times, respectively; compared with the low
level group, the high level group of serum vanadium in the first trimester had an increased risk of ADHD symptoms in both boys and girls
(OR=2.03, 95% CI: 1.14-3.61; OR=2.44, 95% CI: 1.04-5.73); there were no significant correlations between vanadium level in the second
trimester and umbilical cord blood and the risk of ADHD symptoms in boys and girls (all Ps>0.05).

[Conclusion] The selected pregnant women in Ma’anshan are generally exposed to vanadium; high levels of serum vanadium exposure
during the first trimester could increase the risk of ADHD symptoms among children.

Keywords: pregnant women; vanadium; attention deficit hyperactivity disorder; repeated measurement; cohort study
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Table 1 Distribution of serum vanadium levels in maternal
peripheral blood and neonatal cord blood
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o , TR
Oup . PZS PSO P75
Geometric mean
Z2 B8R (First trimester) ° 2651 1.47 129 1.46 1.65
Zoth#ff (Second trimester) © 2789 1.42 120 141 1.65
BFE1Mm (Cord blood) © 2457 1.54 131 156 1.85

DCEla: AEHIBEAKL 27160 ; b - AEHIEIAK 13360 ; ¢ : AEH
1EERIK 465 Bl
[Note] a: Missing data in 271 cases; b: Missing data in 133 cases; c:
Missing data in 465 cases.
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Table 2 Comparison of positive ADHD symptoms among children
with different demographic characteristics

- ADHD JEEXK (ADHD symptoms)
o A R /%
Positive  Positive )(Z P
number  rate/%

AOZHE

Demographic characteristic "

BEMNER /5

Maternal age at enrollment/years 2183 <0.001
<24 481 53 11.02
24~ 1918 111 5.79
30~ 523 23 4.40
s e L2
ﬁjzifg%j:c%&b/mgtgmjss) index/ (kg-m®) 286 0.239
<18.5 555 29 5.23
18.5~ 2010 139 6.92
24.0~ 357 19 5.32
KEA TT
iri\}:ilyAntz}r?tﬂﬁlzyﬁ/cie per capita/yuan 3.0 0.220
<2500 795 45 5.66
2500~ 1229 90 7.32
4000~ 898 52 5.79
%£0 AN
ZI\ifztztlellilelIji{V?ZIIigence quotient/score 29.99 <0.001
<90 803 83 10.34
90~ 1823 94 5.16
110~ 296 10 3.38
o
ﬁ:iﬁl%zﬁfaﬁon level 37.56 <0.001
Tﬁjrﬁ:;ﬁlﬁg\r—\l:school or below SE 2 S
&haF%E (High school) 652 60 9.20
A% (Junior college) 913 43 471
ARz L _E (University or above) 792 27 3.41
JLEEMER (Child sex) 14.44 <0.001
5 (Boy) 1498 121 8.08
Z (Girl) 1424 66 4.63
= A LEA
étifeﬁfgg;a/l?gj?/weeks 146 0228
<37 122 11 9.02
37~ 2800 176 6.29
) LE B A {KRE /g (Child birth weight/g) 0.07 0.802
<2500 70 5 7.14
2500~ 2852 182 6.38
=6 B AR .
éki ?e}eqdwizzjrp:tfmﬁsi; 6 months old’ 163 0443
FEIEFF (Breastfeeding) 313 21 6.71
JESIEFE (Mixed feeding) 1632 93 5.70
AR (Artificial feeding) 897 62 6.91
A1t (Total) 2922 187 6.40

U] a 1 AEHIRERSK 80 flo
[Note] a: Missing data in 80 cases.
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Table 3 Binary logistic regression model analysis on serum vanadium levels and the risk of ADHD symptoms among children

o == =0
Serurﬁuj?ffjitxrﬁlevel ;;L:la ?oib éﬁib
OR (95%CI) P OR (95%CI) P OR (95%CI) P
Z= B3 1A (First trimester)
FIEAN— B (Increase per unit®) 4.70 (2.04~10.80) <0.001 3.66 (1.31~10.25) 0.014 6.73 (1.65~27.40) 0.008
{f% (Low) 1.00 1.00 1.00
A (Medium) 1.32 (0.84~2.07) 0.230 1.23 (0.71~2.14) 0.454 1.59 (0.70~3.58) 0.265
= (High) 2.13 (1.33~3.43) 0.002 2.03 (1.14~3.61) 0.016 2.44 (1.04~5.73) 0.041
B ML (Trend test) 1.48 (1.17~1.88) 0.001 1.45 (1.09~1.94) 0.012 1.56 (1.03~2.34) 0.034
ZarhfR (Second Trimester)
AIBHN— 1 (Increase per unit?) 0.91 (0.46~1.79) 0.783 1.41 (0.61~3.25) 0.422 0.41 (0.13~1.31) 0.133
1K (Low) 1.00 1.00 1.00
A (Medium) 0.76 (0.52~1.11) 0.152 0.89 (0.54~1.45) 0.633 0.60 (0.33~1.11) 0.103
= (High) 0.87 (0.56~1.34) 0.519 2.08 (0.62~1.86) 0.797 0.61 (0.29~1.28) 0.192
AR ML (Trend test) 0.93 (0.74~1.16) 0.511 1.04 (0.79~1.38) 0.776 0.76 (0.51~1.11) 0.156
F¥#5IM (Cord blood)
FIAN—NE(L (Increase per unit®) 1.24 (0.63~2.45) 0.534 1.69 (0.72~3.99) 0.228 0.87 (0.28~2.67) 0.809
{f% (Low) 1.00 1.00 1.00
f (Medium) 1.10 (0.70~1.74) 0.673 0.88 (0.50~1.54) 0.646 1.85 (0.82~4.18) 0.142
= (High) 1.52 (0.93~2.47) 0.096 1.67 (0.93~2.98) 0.085 1.47 (0.57~3.79) 0.430
B ML (Trend test) 1.24 (0.97~1.59) 0.088 1.33 (0.98~1.81) 0.070 1.17 (0.77~1.80) 0.463

CE] REMBFRE, AR RIDAIBIUE (<Ps) « B (Pos~<Pss) « 1 (=Prs) IKFLH, a | THIEBEIEZAPNFR . ZRIFEER. 213
BH XWEE. REAIABAN. JLEMRI. ) LE 6 BIIEF 5 A ADHD ERITEET) LEAE ; b : THITECEZAMNELR. ZHiE
B ZREN. XWRE. REASBIRA. JLE 6 BRIV ADHD ERITER LEAE ; ¢ | TURENBANRIE,

[Note] The serum vanadium level is divided into low (<P,s), medium (P,s-<P5s), and high (= P;s) level groups. a: The adjusted variables are maternal age
at enrollment, pre-pregnancy body mass index, maternal intelligence quotient, maternal education level, family monthly income per capita, child
sex, child feeding patterns at 6 months old, and child age at the time of ADHD symptoms assessment; b: The adjusted variables are maternal age
at enrollment, pre-pregnancy body mass index, maternal intelligence quotient, maternal education level, family monthly income per capita, child
feeding patterns at 6 months old, and child age at the time of ADHD symptoms assessment; c: Natural logarithm of vanadium concentration.
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7 7 7
.
6 6 6
~5 =5 =5
[e] fu] [u]
X 4 X 4 - X 4
h *x o n
Q3 ] o 3 [ @ 3
o o o
2 T I ©2 %T T [ S I
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O L L L 0 L L L 0 Il Il Il
ZBH  Zrpf Bt ZBH  Zrpf] Bt Z5H] ZohHEy Brem
First Second  Cord First Second  Cord First Second  Cord
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O 7K F4H (Low-exposure group) 017K FF2H (Medium-exposure group)  ~ = 7K F4H (High-exposure group)

CEIA: &It B BE; C: B&E, RIBIBFRE, BHARWRUS AMBTUE (<Ps) B (Ps~<Pis)« & (= Pss) IKTFH, EHETEEEREAN
NEWR ZRMAERRR. Z2ATH. XHEE. KEABBA JLEMF ) LE 6 BIRIEFF A ADHD FERITEEY) LE A, ZEMMEIL
MEH. SEAEAKTF, * 1 P<0.05, ** : P<0.01,

[Note] A: Total; B: Boys; C: Girls. The serum vanadium level is divided into low (<Pys), medium (P,s-<P;s), and high ( = P;s) level groups. The adjusted
variables are maternal age, pre-pregnancy body mass index, maternal intelligence quotient, maternal education level, family monthly income per
capita, child sex, child feeding patterns at 6 months old, child age at the time of ADHD symptoms assessment, and maternal and neonatal serum
lead, thallium, and cadmium levels. *: P<0.05, **: P<0.01.
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Figure 1 Sensitivity analysis on the association between vanadium exposure and the risk of ADHD symptoms among children
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