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The descriptive analysis of our participants 

Table S1 shows the descriptive analysis of our participants. A total of 32 and 23 mothers from rural 
and urban areas and 56.4% of their female offspring (n=31) participated in this study, respectively. 
Variables including working status, occupational exposure to insecticides, smoking habit, and alcohol 
consumption, were expressed as the frequency and percentage. The percentage of mothers who are 
working was 45.5% while 100% of the participants did not have any occupational exposure to OCPs. As 
for the smoking and drinking habits, 5.45% of the participants were reported to be smoking while 3.64% 
were reported to be alcohol consumers. 

Associations between birth outcomes, cord blood hormones, and Bayley-III 

    The correlations between the birth outcomes in our cohort, cord blood hormone levels, and Bayley-III 
composite scores were listed in Table S2 and S3. 

Adjustment of Bayley-III scales 

The 5 domains of Bayley-III scales for our participants were examined using the chronological age, 
which is adjusted for child’s prematurity by the infant psychometrists in the standard room located in 
Pingtung Christian Hospital. Prior to the test of Bayley-III scales in each participant, the infant 
psychometrist calculated the chronological age based on instruction from the handbook of Bayley-III®. 
Considering the over-adjustment in examining statistical analysis, we recognized that the child’s age was 
adjusted before the Bayley-III. The child’s gestational age was not considered as the covariate in performing 
the statistics. 

Correlations between THs and IGF-1 and Bayley-III 

We examined the correlations between the neurodevelopmental outcomes and the cord-blood 
hormone levels. The three variables (TSH, IGF-1, and cognitive score) did not fit the normal distribution 
after normality was examined. The Spearman’s rho correlation coefficient test was used to determine the 
relationships between neurodevelopmental outcomes and cord-blood hormone levels (Table S4). The result 
is shown below. Motor scores were positively and significantly correlated with cord blood T4, free T4, and 
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IGF-1, respectively. Adaptive behavioral scores had positive significant correlations with T4 and free T4 in 
cord blood. 

Several studies have also reported the importance of thyroid ad growth hormones in the infant 
neurodevelopment. Thyroid deficits such as undetected hypothyroidism in pregnant mothers have been 
reported to cause adverse effects on the neuropsychological development of the human fetus (Haddow et 
al. 1999). Henrichs et al. (2010) reported that hypothyroxinemia in pregnant women was associated with 
delays in both expressive language and nonverbal cognitive development during early childhood. A 
significant risk of developing impaired psychomotor development later on in childhood has been 
attributed to low maternal FT4 serum concentrations (Pop et al. 1999). Severe hypothyroidism has been 
correlated with reduced encoding and focus in adolescents (Rovet and Hepworth 2001). According to a 
study by Shelton et al. (2012), brain development requires adequate thyroid hormone levels in utero. 
Mental and/or psychomotor deficiencies have been linked to diminished maternal T4 levels (Zimmermann 
2007). Transient intrauterine thyroid hormones deficiencies for as little as three days can alter the 
cortical architecture, which results in interference with neuronal migration and the growth of Purkinje 
cells during critical gestation stages (Roman 2007). Both characteristic defects have been observed in 
autism autopsy studies conducted by Fatemi et al. (2002) and Wegiel et al. (2010). In human fetuses, 
sufficient thyroid hormone production only starts during week 18 of gestation (Burrow et al. 1994). Thus, 
sufficient maternal thyroid hormones are important in the early fetal neurodevelopment stages, most 
specifically for the reelin-mediated migration of neurons (Pathak et al. 2011). 

The breastmilk levels of OCPs in Taiwan were within the safe criteria 

The safe criteria of OCPs in breast milk were defined in the present study based on the 
recommendations of World Health Organization (WHO) and US Environmental Protection Agency 
(EPA). WHO recommended that the acceptable daily intake of DDTs was 20,000 ng/kg/day for a 
breastfed infant (WHO, 1986). The website of US EPA Integrated Risk Information System (IRIS) also 
provided a reference dose for oral exposure (RfD) for several OCP compounds for example: the RfD of 
DDT is 5x10-4 mg/kg/day (US EPA, 2019). The estimated median DDTs daily intake of 91.2 ng/kg/day 
for an exclusively breastfed infant was calculated based on assumption that a breastfed infant weighted 
4 kg and consumed 699 g milk/day in the first month after delivery in the present study. Our values 
were extremely lower compared with WHO recommendation and RfDs listed in US EPA IRIS. We also 
listed several RfDs of OCPs from the IRIS website as the follows: methoxychlor of 5x10-3 and dieldrin 
of 5x10-5. 
References 
US EPA Integrated Risk Information System https://www.epa.gov/iris (Access Mar 30 2019)  
WHO, 1986. Principles for evaluating health risks from chemicals during infancy and early childhood: the 
need for a special approach. Environmental Health Criteria, 59. WHO, Geneva. 

Breast milk levels of OCPs in different countries 

The breastmilk levels of OCPs in Taiwan were within the safe criteria. Our OCP levels detected in the 
breast milk samples collected between 2007 and 2010 were observed to be lower than the reports from 
Korea (Lee et al. 2013), Vietnam (Minh et al. 2004), China (Zhou et al. 2012), and Japan (Haraguchi et al. 
2009), and Russia (Mamontova et al. 2017) with comparable sampling years. Breastmilk OCP levels in our 
research were similar magnitudes with the Chinese study (Zhou et al. 2012) (Table S5). 
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Table S1. The descriptive analysis in our participants. 

Variables Frequency (number) Percentage (%) 
Residence area 
  Urban area 
  Rural area 
Working status and type 
  No job 
  Having job 

Teachers and employees in school 
    Medical staff 
    Employees in factory 
    Employees in service industry 
    Employees in business 
    Others 
Occupational exposure of insecticides 
  NO 
  Yes 
Smoking habit 
  NO 
  Yes 
Drinking habit 
  NO 
  Yes 

 
23 
32 
 

25 
30 
9 
6 
4 
5 
3 
3 
 

55 
0 
 

52 
3 
 

53 
2 

 
43.6 
56.4 

 
45.5 
54.5 
30.0 
20.0 
13.3 
16.7 
10.0 
10.0 

 
100 
0 
 

94.5 
5.45 

 
96.4 
3.64 

Table S2 Spearman’s rho correlation coefficients (r) between neurodevelopmental outcomes and birth 
outcomes (n=55). 

Bayley-III 
Infant’s birth outcomes 

Birth 
weight 

Birth length Head 
circumference 

Chest 
circumference 

Cognitive 
Language 
Motor 
Social emotional 
Adaptive behavioral 

0.178 
0.179 

0.342** 
0.168 
0.294* 

0.151 
0.089 
0.535 
0.265* 
0.396** 

-0.163 
0.093 
0.113 
0.126 
0.057 

0.077 
0.208 
0.209 
-0.024 
0.132 

*p<0.05, **p<0.01, ***p<0.001. 

Table S3. Spearman’s rho correlation coefficients (r) between cord blood hormone levels and birth 
outcomes (n=55). 

Bayley-III 
Infant’s birth outcomes 

Birth 
weight 

Birth length Head 
circumference 

Chest 
circumference 

Cord blood T3 
Cord blood T4 
Cord blood TSH 
Cord blood FT3 
Cord blood FT4 

-0.152 
0.188 
-0.123 
-0.111 
0.335* 

-0.130 
0.095 
-0.008 
-0.017 
0.290* 

-0.216 
0.183 
-0.014 
-0.117 
0.239 

-0.188 
0.094 
-0.135 
-0.040 
0.164 
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Cord blood IGF-1 0.160 0.175 0.136 -0.023 
*p<0.05, **p<0.01, ***p<0.001. 

Table S4 Spearman’s rho correlation coefficients (r) between neurodevelopmental outcomes and cord-
blood hormone levels (n=55). 

Bayley-III 
Cord blood hormones 
T3 T4 TSH Free T3 Free T4 IGF-1 

Cognitive 
Language 
Motor 
Social emotional 
Adaptive behavioral 

-0.020 
-0.014 
-0.042 
-0.107 
0.184 

0.023 
0.007 
0.270* 
0.220 
0.298* 

0.151 
0.010 
-0.07 
0.146 
0.119 

-0.102 
0.004 
0.039 
0.110 
0.158 

0.061 
0.158 
0.271* 
0.248 
0.274* 

0.079 
-0.079 
0.383** 
0.141 
0.148 

*p<0.05, **p<0.01, ***p<0.001. 

Table S5. OCP levels in breast milk in different countries. 

Country Calendar 
Period 

Measured Compound Pesticide Level Reference 

Taiwan 2000–2001 Aldrin 
Dieldrin 
Endrin 
β-HCH 
γ-HCH 
α-CHL 

Heptachlor 
Heptachlor epoxide 

p,p′-DDT 
p,p′-DDE 

 

<LOD 
<LOD 
<LOD 

1.2 ng/g lipid 
0.8 ng/g lipid 
7.4 ng/g lipid 
2.3 ng/g lipid 
4.0 ng/g lipid 
19 ng/g lipid 

228 ng/g lipid 

Chao et al. (2006) 

Thailand 1998 Heptachlor 
Heptachlor epoxide 

γ-HCH 
p,p′-DDT 
p,p′-DDE 
p,p′-DDD 

 

4.3 ng/mL 
4.4 ng/mL 
3.6 ng/mL 
69.4 ng/mL 

169.4 ng/mL 
6.8 ng/mL 

Stuetz et al. (2001) 

China 1999–2000 p,p′-DDT 
p,p′-DDE 
β-HCH 

 

0.70 μg /g fat 
2.85 μg/ g fat 
1.11 μg/g fat 

Wong et al. (2002) 

China 2003–2005 α-HCH  
γ-HCH 
β-HCH 

p,p′-DDE 
 

76.16 ng/g lipid  
16.67 ng/g lipid 
214.33 ng/g lipid 
1528.20 ng/g lipid 

Zhao et al. (2007) 

China 2006, 2008, 2010 α-HCH  
β-HCH 
γ-HCH 
δ-HCH 

HCB 
2,4’-DDE 

<LOD  
67.1 ng/g lipid 

<LOD 
>LOD 

25.5 ng/g lipid 
<LOD 

Zhou et al. (2012) 
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4,4’-DDE 
2,4’-DDD 
4,4’-DDD 

 

<LOD 
<LOD 

10.5 ng/g lipid 

Vietnam 2000–2001 p,p′-DDT 
p,p′-DDE 
p,p′-DDD 

β-HCH 

34–6900 ng/g lipid wt 
420–6300 ng/g lipid wt 

3–50 ng/g lipid wt 
11–160 ng/g lipid wt 

Minh et al. (2004) 

Korea 2011 p,p′-DDT 
p,p′-DDE 
p,p′-DDD 

β-HCH 
Heptachlor epoxide 

91.7 ng/g lipid wt 
0.94 ng/g lipid wt 
6.51 ng/g lipid wt 
20.5 ng/g lipid wt 
2.22 ng/g lipid wt 

Lee et al. (2013) 

USA, 
MEXICO 

and RUSSIA 
 

1999, 2002, 
2007, 2009, 2011 

HCB 
β-HCH 

p,p′-DDT 
p,p′-DDE 

 

0.80–3.00 ng/g lipid wt 
0.51–2.57 ng/g lipid wt 
0.42–1.41 ng/g lipid wt 
0.56–1.40 ng/g lipid wt 

Mannetje et al. (2012) 

USA 2004 p,p′-DDT 
p,p′-DDE 
p,p′-DDD 
α-HCH 
β-HCH 
γ-HCH 
δ-HCH 

 

<0.6 ng/g lipid wt 
35.3ng/lipid wt 
2.7 ng/lipid wt 

1.4 ng/g lipid wt 
4.4 ng/g lipid wt 
5.1 ng/g lipid wt 
<1.6 ng/g lipid wt 

 

Johnson-Restrepo et al. 
(2007) 

Russia 1997–2009 HCB 
α-HCH  
γ-HCH  

p,p′-DDT  
p,p′-DDE  
p,p′-DDD  

 

29 ng/g lipid 
3.1 ng/g lipid  

0.56 ng/g lipid  
32 ng/g lipid  
491ng/lipid 
1.9 ng/lipid 

Mamontova et al. 
(2017) 

Colombia Unspecified 4,4′ DDE 
4,4′ DDE 

126 ng/g lipid wt 
203 ng/g lipid wt 

Rojas-Squella et al. 
(2013) 

Norway 2002–2006 p,p′-DDE 
HCB 

β-HCH 
Oxychlordane 

41 ng/g lipid wt 
11ng/g lipid wt 

4.7 ng/g lipid wt 
2.8 ng/g lipid wt 

Polder et al. (2009) 

Vietnam, 
China, and 

Japan 

2007–2008 p,p′-DDT  
p,p′-DDE  
p,p′-DDD  
o,p′-DDT  

Oxychlordane 
β-HCH 

HCB 

5.8 ng/g lipid 
160 ng/lipid 
1.4 ng/lipid 

0.84 ng/g lipid 
3.7 ng/g lipid 
140 ng/g lipid 
13 ng/g lipid 

Haraguchi et al. (2009) 

MDL: method detection limit. a ΣHCH is the sum of α, β, γ, and δ- HCH; ΣCHL is the sum of cis- and trans-CHL; 
ΣDDT is the sum of 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT; ΣEndosulfan is the sum of endosulfanI, endosulfan II, and 
endosulfan sulfate; ΣEndrin is the sum of endrin, endrinaldehyde, and endrinketone; ΣHeptachlor is the sum of 

heptachlor and heptachlor epoxide. 
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