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Introduction 

Dioxin is known as risk factor of various kinds of adverse health effects including cancer, diabetes mellitus and 

cardiovascular disease. Hormone levels are also known to be altered by low-dose exposure to TCDD, and foetal 

death can occur after high-dose exposure. Likewise, animal studies have established an association between 

maternal TCDD exposure and immune deficiencies, decreased estradiol and progesterone levels and altered serum 

testosterone levels. A related study has shown that exposure of rodents and other species to TCDD leads to changes 

in steroid hormone levels1. A recent study showed that biosynthesis of androgens, cortisol, and aldosterone is 

altered by dioxin-like PCB126 in human adrenocortical H295R cells2. There is a great deal of concern regarding 

the adverse effects of polychlorinated dibenzodioxins (PCDD) and polychlorinated dibenzofurans (PCDF) present

in Agent Orange and other herbicides on Vietnam’s population and ecosystems3-6. We have already shown that 

found the inverted U-shaped relationship between dioxins in breast milk and salivary cortisol or cortisone and 

also the U-shaped relationship between dioxins in breast milk and salivary estradiol of Vietnamese primiparae in

a hot spot and a non-exposed area7, 8. However, it is not clarified if dioxin induces adverse effects on steroid 

hormone levels of Vietnamese infants. Therefore, the purpose of this study was to determine the adverse health 

effect of dioxin exposure on steroid hormone of Vietnamese infants.

Materials and methods 

This study was carried out in Phu Cat district, Binh Dinh province and Kim Bang district, Nam province in 

Vietnam. Phu Cat airbase is one of three main dioxin hot spots in Vietnam and is located in southern Vietnam. Kim 

Bang district is located in northern Vietnam and did not experience herbicide operations during the war, and was
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chosen as the control site. Breast milk samples were obtained from lactating females aged between 20 and 30 years

from both districts in September 2008. One hundred and twenty three lactating females (60 from Phu Cat district 

and 63 from Kim Bang district) participated, who had recently given birth to their first or second child. All 

lactating females consented to donate milk samples (10-20 mL) and were breast-feeding infants aged from 4 to 16 

weeks. In August 2011, about 0.25 0.8 ml of saliva samples of their infants who grew up about 3 years old were

collected in the morning (between 8:00 and 10:00 AM) by using hormone free cotton. One hundred and eleven

infants (52 from Phu Cat district and 59 from Kim Bang district) participated. All samples were stored at –70 °C 

until analysis. Breast milk samples were analyzed following previously reported procedures9. Cortisone, cortisol 

and dehydroepiandrosterone (DHEA) were analyzed as salivary steroid hormone of infants. The medical ethics 

committee of Kanazawa University approved this study (Permission No; Health-89), and informed consent was 

obtained from each participant. All statistical analyses were performed using the JMP®9 software package (SAS 

Institute, Japan).

Results and discussion

Comparison of salivary steroid hormone of 3 year infants in hot spot and non-exposed area divided by sex was 

shown in Table 1 and 2. Salivary DHEA of both sexes was significantly lower in hot spot than non-exposed area.

Relation between dioxin in breast milk and each steroid hormone in saliva divided by sex was shown in figure. 

Significant negative correlation between dioxin and DHEA was shown in both sexes after removing of one or two 

distant values although no significant relationship was found between dioxin and cortisone or cortisol. The 

majority of data from epidemiological studies pertaining to effects of TCDD on the human male reproductive 

system have been collected from cohort exposed as adults10. This is the first report to find out that dioxin induces 

the inhibition of DHEA synthesis in infants. It is necessary to observe these infants consecutively and also 

increase the number of infants. 
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Table 1 Comparison of salivary steroid hormone of 3 year male infants between hot spot and non-exposed area

Male

Hot spot Non-exposed

Indicators n Median (inter-quartile range) n Median (inter-quartile range) p Value

Cortisone (ng/mL) 29 3.32 (1.83-5.17) 27 2.88 (2.02-4.36) 0.48 1)

Cortisol (ng/mL) 29 0.49 (0.22-0.86) 27 0.37 (0.2-0.58) 0.25 1)

DHEA (pg/mL) 29 39 (30-60) 27 69 (34-102) 0.02 2)*

Table 2 Comparison of salivary steroid hormone of 3 year female infants between hot spot and non-exposed area

Female

Hot spot Non-exposed

Indicators n Median (inter-quartile range) n Median (inter-quartile range) p Value

Cortisone (ng/mL) 23 2.74 (1.32-6.0) 32 3.14 (2.04-3.83) 0.7 1)

Cortisol (ng/mL) 23 0.39 (0.21-0.98) 32 0.39 (0.25-0.66) 0.85 1)

DHEA (pg/mL) 23 32 (25-55) 32 77 (54-118) <0.001 

Note: Hormone levels were transformed into log10 to improve normality first. After checking normal distribution 

by good-of-fitness, only DHEA have normal distribution in both areas. 1) Wilcoxon rank sum test, 2) t-test

Figure Association of dioxin in breast milk of mothers and steroid hormone in saliva of their 3 year old infants
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