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BACKGROUND: Lead, mercury, cadmium, and arsenic are the priority heavy metals of major public health
concern in developing countries. Thailand is a newly industrialized country raising high human workloads of migrant
workers form neighbored countries, mostly Myanmar. Exposure to these metals can cause cognitive impairment and
depressive disorders through an effect on brain-derived neurotrophic factor (BDNF), which is an important biomarker of
pregnancy. Pregnancy outcomes including preeclampsia, preterm birth and low birth weight are major burdens for
maternal and child health. Although a number of prior studies have examined the effects of heavy metals on pregnancy,
there are few studies focused on migrant population. The aim of this study was to examine the association between
maternal blood heavy metals concentrations and BDNF levels and pregnancy outcomes among Myanmar migrants in

Thailand.

METHODOLOGY: This study was a birth cohort study conducted at the antenatal care clinic of the hospital
from July 2018 to April 2019. A total of 119 pregnant Myanmar migrants carrying a single viable fetus of less than 14
weeks of gestation who had stayed within the industrial plant at least 3 months before were recruited in first trimester.
The socio-demographic characteristics and health behaviors of the patients were assessed using a self-report
questionnaire. Blood samples were collected in first trimester and third trimester. Maternal blood heavy metal (Pb, Hg,
Cd, As) concentrations were measured using an inductively coupled plasma mass spectrometer, and plasma BDNF levels
were measured using an enzyme-linked immunosorbent assay. Multivariate binary logistic regressions and multiple linear

regressions were modeled to evaluate the associations between these factors.

RESULTS: A total of 72 pregnant women were completed the study. Median (interquartile rank: IQR)
concentrations were as follows: BDNF: (64.60 [15.60]/18.27 [23.40]) L ¢/L, Pb: (27.40 [13.801/19.90 [11.40]) M ¢/L, Hg: (6.20
[5.60], 2.60 [2.00]) KL g/L, Cd: (0.91 [0.85]/1.06 [0.46]) KL g/L, and As: (4.00 [1.10]/3.40 [1.40]) L g/L. We categorized the
concentrations into high (= median) and low (<median) groups for binary logistic regressions. After adjusting for potential
confounders, patients with a high blood As in first trimester had a 2.6-fold increased risk (@OR = 2.603, 95% Cl: 1.178,
5.751) of low plasma BDNF in early pregnancy. Diastolic BP in third trimester was higher in every unit of increased third
trimester blood Pb concentrations (B = 2.766, 95% ClI: 0.026, 5.506). However, there were no significant associations

between heavy metals and preeclampsia, preterm birth or low birth weight.
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CHAPTER |
INTRODUCTION

1.1 Background information

Heavy metals are well-known environmental hazards and their toxicity is a
major health threat. Since many decades, they had been utilized in agricultures,
industries, domestic works, pharmaceutical products and other technological settings.
Such an extensive use had induced the wide distribution of heavy metals in the
environment (Tchounwou, Yedjou, Patlolla, & Sutton, 2012). Human can exposure to
them through the environment in different routes including inhalation, ingestion of
contaminated food or water and dermal contact (Rehman, Fatima, Waheed, & Akash,
2017). Their toxicological effects such as neurotoxicity, nephrotoxicity, fetotoxicity,
genotoxicity and carcinogenicity had been identified (Tchounwou et al., 2012). Their
toxicities depend on a variety of factors (e.g., dose, route of exposure, chemical
species, age, gender, genetic, nutrition of the individuals). According to The World
Health Organization (WHO), more than 25% of global burden of diseases is related
with the environmental exposure to toxic heavy metals (WHO., 2010). Alongside
industrialization, the utilization of heavy metals has found in a rapid growth and the
possibility of human exposure to them increases in developing countries where both
working population and general population residing near the industrial plant are at
high risk. Heavy metals are becoming a significant public health problem with
increased morbidity and mortality (Jan et al,, 2015). Among them, lead (Pb), mercury
(Hg), cadmium (Cd) and arsenic (As) are the priority metals of public health
importance (WHO., 2017).

Prenatal exposure to these heavy metals grows as an important concern
because of their effects on pregnancy resulting an array of health problems for both
mother and child (Maekawa et al., 2017). They are well-known toxicants to cross the
placenta and accumulate in the fetal tissues where their toxicokinetics such as
uptake, biotransformation, distribution and toxicodynamics can occur to increase the
risk of adverse outcomes (Gundacker & Hengstschléger, 2012). Furthermore, they can

enter the systemic circulation through the different routes of exposure and reach the
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central nervous system (CNS) from the blood by passing the blood-brain-barrier (BBB)
or the choroid plexus (CP) (Yokel, 2006). The neurological effects of these heavy
metals are most commonly found in the hippocampus region. Each of them have an
individual effect as well as a common mode of action in a mixed-model fashion.
Their mixture cause a dynamic interaction with neurochemicals in the hippocampus
which can lead to oxidative stress. During oxidative stress, they induce an effect on a
particular antioxidant, known as brain-derived neurotrophic factor (BDNF). Oxidative
stress finally causes neuronal cell death, cognitive dysfunction and neuro-degerative
outcomes (Ceccatelli, Daré, & Moors, 2010; Clarkson, 1987; Gavazzo, Zanardi,
Baranowska-Bosiacka, & Marchetti, 2008).

Pb exposure during pregnancy is accounting for 12.4% of the global burden of
idiopathic developmental disability (Institute for health Metrics and Evaluation, 2017)
and it is also the significant maternal and child health burden (Renzetti et al., 2017).
Previous studies have found that prenatal Pb exposure was significantly associated
with preterm birth and low birth weight (LBW) (Gundacker & Hengstschlager, 2012,
Liac et al,, 2017). Identification of pregnant woman highly exposed to Pb is a
particular issue for the prevention of adverse neurodevelopmental outcomes in
newborns (S. Adrienne & Anne, 2010). The American College of Obstetricians and
Gynecologists (ACOG) have recommended that pregnant women with whole blood
Pb level of 5 pg/dL (50 5 pg/L) or higher should be identified to receive counselling
on prevention of further exposures (CDC., 2010). Moreover, it was also found that
prenatal Pb exposure has a significant association with preeclampsia (PE) (Bayat,
Akbari, Dabirioskoei, Nasiri, & Mellati, 2016). Pb exposure contributes to an oxidative
stress leading into a decrease in placental cell proliferation and cell death.
Consequently, it impacts on the development of the placenta and endothelial cell
dysfunction characteristic in PE (Fiore & Capasso, 2008).

Exposure to Hg can cause poor maternal health and decrease the placental
and fetal growth (Harada, 1964; Mario et al., 2016). According to the previous studies,
there are many adversities of He exposure for maternal and child health such as
embryopathies, fetotoxicity, miscarriages, stillbirths,  congenital  craniofacial

malformations including neural tube defects, brain damage and detrimental effects
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in the older age (Hameed et al,, 2018). It also impacts on the fetal health by
interrupting the migration and maturation of fetal nerves cells causing oxidative
stress, cell membrane damage and protein synthesis impairment (Reus, Bando,
Andrés, & Cascales, 2003). It was found that the risk of high maternal blood Hg level
has been identified as a particular issue for Korean population (Kim, Kim, Kwon, Kim,
& Park, 2006).

Previous animal studies have found that Cd has both embryotoxic and
teratogenic effects. Pregnant women are more vulnerable to suffer Cd burden than
others because Cd can be highly absorbed in lower iron storage conditions (lkeh-
Tawari, Anetor, & Charles-Davies, 2013). Exposure to Cd mainly occurs through
ingestion of contaminated food (e.g., cereals, seafood) and inhalation of tobacco
smoke (Jarup & Akesson, 2009). A study in Japan has mentioned that high maternal
blood Cd concentration was significantly associated with preterm delivery of the
baby (Tsuji et al.,, 2018). Another study in Bulgaria has found a significant relationship
between exposure to Cd and adverse pregnancy outcomes such as threatened
miscarriage, lipid peroxidation, toxemia and anemia among pregnant women living
close to the copper smelter (Tabacova, Little, Balabaeva, Pavlova, & Petrov, 1994). In
addition, perinatal exposure to Cd also has a significant association with PE (Vigeh et
al., 2006).

Perinatal As exposure is a global health issue and it can cause subsequent
effects on mother and fetus leading to long term negative health consequences
(Bailey & Fry, 2014). As can readily cross the placenta and has significant associations
with adverse birth outcomes such as LBW, decreased head and chest circumferences
(Gilbert-Diamond, Emond, Baker, Korrick, & Karagas, 2016) (Anisur et al.,, 2009). It has
been identified perinatal As exposure as a chronic burden for high risk of diseases in
the adult life (e.g., cardiovascular diseases, diabetes, non-alcoholic fatty liver diseases
and cancer) (Young, Cai, & States, 2018).

There is a growing evidence on the critical role of BDNF in depressive
disorders and poor mental health during pregnancy (Karege et al., 2002). BDNF is a
member of neurotrophins family which is important for neuronal health such as

differentiation, maturation and survival of neurons (Acheson A et al., 1995; Binder &
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Scharfman, 2004; Huang & Reichardt, 2001). Its particular functions for pregnancy has
been found such as follicular development, oocyte maturation, implantation,
proliferation within reproductive tissues and maturation of the fetus (Kawamura et
al.,, 2009). Previous studies have examined the link between maternal blood BDNF
and poor mental health outcomes in pregnancy. They have found that there was a
significant association between maternal blood BDNF concentration and the
incidence of maternal depressive disorders such as antepartum depression and post-
partum depression (Fung et al.,, 2015; Gazal et al, 2012). Furthermore, decreased
circulating BDNF in pregnancy also induces higher risk on neurodevelopmental
development of the fetus (Deborah, Juan, Mary, Samuel, & Neill, 2012).

PE is one of the most common hypertensive disorders in pregnancy. It is also
the major cause of maternal morbidity and mortality (American College of
Obstetricians and Gynecologists, 2013). It was estimated that the rate of death due to
hypertensive disorders in pregnancy is accounting 13% of all maternal deaths in
which PE complicates approximately 2-3% (Carmen & Carla, 2003). Incidence of PE
was found as 2.3% in developing countries and 0.8% in developed ones. It can be
defined as hypertension of at least 140/90 mmHg recorded on at least two separate
occasions, at least 4 hours apart and in the presence of at least 300 mg protein in a
24 hour collection of urine. Common risk factors include maternal age, body mass
index (BMI), parity, multiple pregnancy, family history of preeclampsia, past history of
hypertension, renal diseases and diabetes. It can be threatened systemic
complications such as thrombocytopenia, acute pulmonary edema and disseminated
intravascular coagulation (DIC) in mothers (Philip N & Louise K, 1917).

Preterm birth and LBW are the most common adverse birth outcomes related
to critical determinants of child health such as disabilities. They have been identified
as the leading causes of neonatal death which accounts for 40% of under-5 child
mortality (WHO., 2005). Preterm birth is the delivery of an alive baby before 37
completed weeks of gestation. The common risk factors are poor socio-economic
status, twin pregnancy, teenage pregnancy, smoking, poor nutrition, previous history
of preterm birth and exposure to environmental hazards (Philip N & Louise K, 1917).

An estimated 15 million babies are born preterm and approximately 1 million
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children die every year due to its negative health consequences (L. Liu et al., 2016).
LBW is the strong indicator of maternal and newborn health. Moreover, it is an
important public health indicator for nutrition that is useful to predict growth and
development outcomes of newborns in later life. It is defined as the weight at birth
of less than 2,500 grams (or) 2.5 kilograms (or) 5.5 pounds. Risk factors derived from
maternal influences such as age, ethnicity, height, pre-pregnancy weight, parity,
multiple pregnancy, health behavior such as smoking and behavior predisposing
exposure to environmental hazards (Philip N & Louise K, 1917). According to the
previous reports, the highest incidence rate for both preterm birth (60%) and LBW
(66%) was found in the South Asia (UNICEF., 2014).

Alongside globalization, economic diversification, variation in supply and
demand of laborers across countries, migration is becoming a global phenomenon
mainly in Asia and Pacific region. Migration impacts not only on an individual's
physical health but also on mental health and social well-being (ILO., 2017). The
great demand in feminized sectors (e.g., domestic work, manufacturing factory,
textiles factory) develops into a high number of female migrants. Due to poor
education, socio-economic status and access to information, migrants who stay and
work in unhealthy environments such as industrial plant are at high risk of poor
health. To date, Thailand is on the progress of a rapid industrialization and economic
development. This situation leads to high human workload demand and attracts the
migrants from neighboring countries; Cambodia, Laos and Myanmar. Among these
countries, 80% of migrants are from Myanmar (International Organization for
Migration, 2011). Previous studies have assessed the levels of heavy metals pollution
in Thailand. A study of the workers from a battery manufacturing plant in Bangkok
has found significantly high airborne Pb levels in the working environments
(Lormphongs et al., 2003). Another study has analyzed the levels of Hg and As in fish
samples from the industrial areas around the country. They found that heavy metals
in some fish species collected near the industrial zone of Samut Sakhon province
exceeded the standard United States Environmental Protection Agency (US EPA)
levels (Jana, 2017). High Cd contamination has also been identified in a number of

food items from the polluted areas in Thailand (Chunhabundit, 2016). However,
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there are few studies on the association between biological monitoring of heavy
metals and incidence of adverse pregnancy outcomes among migrants in Thailand.
Samut Sakhon is the second of top 10 provinces with largest Myanmar
migrant population in Thailand (International Organization for Migration, 2011). It can
be divided into 3 administrative districts: Amphoe Mueng Samut Sakhon, Ban Pheao
and Krathum Baen. In this province, there is a river namely Tha Chin, a distributary of
the Chao Pharya river flows through the province into the Gulf of Thailand. The
surface water quality of the Tha Chin river has been rated as poor quality with heavy
metals pollution (Bangkok: Pollution Control Department, 2015). It was also found

that some crab species (e.g., Sesarma mederi) collected from these rivers have high

Cd and Pb levels (Chaiyaraa, Ngoendeeb, & Kruatrachue, 2013). Among 77 provinces
in Thailand, Samut Sakhon has been identified as a dense of industrial plant because
of having a total of 6,000 factories and industries such as fisheries, food and
beverage, plastic, rubber, packaging, dying and textiles factories. In these different
factories and industries, the human workload for general works is composed of
Myanmar migrants more than local Thai population. Most of Myanmar migrants
workers receive daily wages of about 300 Thai Baht (10 USD) and it is (100-300 Thai
Baht) lower than Thai minimum wages. A previous report has stated that most
Myanmar migrants earn their monthly incomes and send back to their families. The
educational level of Myanmar migrants was found as poor with unemployment
backgrounds and most of them migrated from less developed areas of Myanmar
(Chandravanshi, Gupta, & Shukla, 2018). In addition, a mixture of industrial and
human activities can give rise to risks of heavy metals pollution in the environment.
Poor educational background, lower income and the occupational status of Myanmar
migrants may precede the higher risk of exposure to the environmental heavy metals
and other hazards.

The effects of exposure to heavy metals on pregnancy outcomes have been
examined in many previous studies. But there is lack of previous studies on the
association between maternal heavy metals level and pregnancy outcomes such as
preeclampsia, preterm birth and LBW among Myanmar migrants in Thailand. In

addition, heavy metals induce an effect on mood disorder and depressive symptoms
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(Karri, Schuhmacher, & Kumar, 2016). Previous studies have demonstrated a
relationship between BDNF and depressive disorders (Licinio & Wong, 2002). Given
the increased understanding of heavy metals exposure and BDNF level, it is crucial to
gain a better understanding of decreased BDNF level in maternal blood and its
relationship to heavy metal blood level through sharing a common effect on mood

disorders pathway.
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Research question
What is the association between maternal blood heavy metals (Pb, Hg, Cd,
As) concentrations and BDNF levels among Myanmar migrants in Samut

Sakhon Province, Thailand?

What is the association between maternal blood heavy metals concentrations
and pregnancy outcomes including PE, preterm birth and LBW among

Myanmar migrants in Samut Sakhon Province, Thailand?

Statistical hypothesis

Statistical hypothesis 1
Alternative hypothesis
There is an association between maternal blood heavy metals level and

BDNF level among Myanmar migrants in Samut Sakhon Province, Thailand.

Null hypothesis

There is no association between maternal blood heavy metals level and
BDNF level among Myanmar migrants in Samut Sakhon Province, Thailand.
Statistical hypothesis 2

Alternative hypothesis

There is an association between maternal blood heavy metals level and
pregnancy outcomes among Myanmar migrants in Samut Sakhon Province,

Thailand.

Null hypothesis
There is no association between maternal blood heavy metals level and
pregnancy outcomes among Myanmar migrants in Samut Sakhon Province,

Thailand.
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Research objective

General objective

The main objective is to identify the association between maternal blood
heavy metals level and BDNF and pregnancy outcomes among Myanmar
migrants in Samut Sakhon Province, Thailand.

Specific objective

To assess maternal blood heavy metals and BDNF concentrations among
Myanmar migrants in Samut Sakhon Province, Thailand

To find the factors associated with heavy metals levels among Myanmar
migrants in Samut Sakhon Province, Thailand

To describe the factors affecting pregnancy outcomes among Myanmar

migrants in Samut Sakhon Province, Thailand
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1.5 Conceptual framework

Independent variables Dependent variables

Socio-demographics

Age

Ethnicity

Marital status

Education

Occupation

Duration of stay in the study area
Monthly family income

BMI in early pregnancy '
—  Preeclampsia

Health history and health behaviors

Obstetric and gynecological history, Maternal

medical history = Maternal blood

blood heavy ———»

: ki : ; BDNF level
Smoking, drinking, hair coloring, dental metals level

filling, regular exercise, seafood

consumption

Birth outcomes

—  Preterm birth,

Environmental factor

Residential proximity (within 1km) to

—> Low birth weight
the possible sources of exposure to IR

heavy metals

Figure 1 Conceptual framework



1.6
1.6.1

1.6.2

1.6.3

1.6.4

1.6.5

1.6.6

1.6.7

1.6.8

1)
2)

27

Operational definition

Maternal blood heavy metal level

It is the concentration of four heavy metals: Pb (ug/L), Hg (pg/L), Cd
(ng/L), As (ug/L) in the whole venous blood of pregnant Myanmar migrant
in first and third trimester.

Maternal blood BDNF level

It is the concentration of BDNF (ug/L) in the plasma of pregnant Myanmar
migrant in first and third trimester.

Pregnancy outcomes

It include normal and adverse outcomes. Normal pregnancy outcomes are
the absence of PE and normal birth outcomes such as full term birth and
normal birth weight. Adverse pregnancy outcomes are the presence of PE and
adverse birth outcomes such as preterm birth and LBW.

Preeclampsia

It is defined as the measurement of systolic and diastolic blood pressure
(SBP/DBP) more than 140/90 mmHg in first and third trimester ANC visits.
Preterm birth

It is defined as the live born infant delivered before 37 weeks gestation.

Low birth weight

It is defined as the weight of newborn at birth less than 2500 grams (or) 2.5
kilograms.

Myanmar migrant

It represents a registered Myanmar migrant with pregnancy.
Socio-demographics

It include age, ethnicity, marital status, education, occupation, monthly
family income, duration of stay in the study area and BMI in early pregnancy.
Age: is the completed age of pregnant woman in years.

Ethnicity: means the most common ethnicity of Myanmar migrants in

Thailand such as Burmese, Karen and Mon.
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Marital status: means the pregnant woman who is officially married (or) single
(or) separated/ divorced (or) stay together without married (or) widowed.
Education: means the education of pregnant woman who is able to read and
write (or) primary school (or) secondary school (or) high school and above.
Occupation: means the occupational status e.g., employed (or) unemployed
and type of occupation during the present pregnancy, e.g., industrial sector
(or) agricultural sector (or) construction (or) domestic sector (or) others.
Monthly family income: is defined as an average monthly family income in
Thai Baht.

Duration of stay in the study area: means the total duration of pregnant
woman's stay in Samut Sakhon province.

BMI in early pregnancy: means the body mass (kilogram) divided by the
square of the body height (meter) measured at the first trimester ANC visit.
Health history and health behavior

It includes health history; obstetric and gynecolosgical history, medical
history and health behavior; smoking, drinking, hair coloring, dental filling,
regular exercise and seafood consumption.

Obstetric and gynecological history: includes whether have been pregnant,
the total number of previous child and history of past gynecological diseases.
Medical history: includes the history of hypertension before pregnancy and
family history of hypertension and depression.

Smoking history: includes the history of smoking, e.g., current (or) not current
(or) never and history of secondhand smoke exposure during the current
pregnancy.

Drinking history: means the history of alcohol drinking, e.g., current (or) not
current (or) never.

History of hair coloring: means the history of coloring the hair or uses of hair
dyes during the present pregnancy and 3 months prior the present pregnancy.
History of dental filling: means the history of taking amalgam filling treatment

during the present pregnancy and 3 months prior the present pregnancy.



7)

8)

1.6.10

29

History of regular exercise: means the history of taking walking exercise at
least 20 minutes per day during the present pregnancy.

History of seafood consumption: means the history of consuming behavior of
fish and seafood during the present pregnancy, e.g., less than once a week
(or) once a week (or) 2-3 times per week (or) more than 3 times per week.
Environmental factor

It means the history of staying the residence within 1 kilometer proximity to
the possible sources of exposure to heavy metals during the present
pregnancy and 3 months prior the present pregnancy. Possible sources
include a variety of industries (e.g., alloy production factory, battery
manufacturing  factory,  ceramic  manufacturing  factory, electronics
manufacturing factory, glass manufacturing factory, insecticide/ pesticide
manufacturing factory, metal pipe production factory, paints production
factory, paper manufacturing factory, pigments manufacturing factory, plastics
manufacturing factory, textile factory) and others (e.g., construction

sites, farm using insecticides/ pesticides and solid waste combustion site).
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CHAPTER Il
LITERATURE REVIEW

The literature review consists of both theoretical background and researches
relating with:
1) Heavy metals; Pb, Hg, Cd, As
2) Brain-derived neurotrophic factor
3) Pregnancy outcomes including preeclampsia, preterm birth and low birth weight
4) Myanmar migrants in Thailand and

5) Heavy metals contamination in Thailand.

2.1 Heavy metals

They are naturally occurring elements composed of a high atomic weight or a
density at least 5 times greater than water (Fergusson, 1990). They include the
transition metals, metalloids, lanthanides and actinides. They can be found
throughout the earth's crust but most of human exposure and environmental
contamination emanated from anthropogenic activities such as mining and smelting,
industrial production and use, domestic, agricultural and pharmaceutical uses (He,
Yang, & Stoffella, 2005). Weathering and volcanic eruptions are also included in the
main sources of heavy metals pollution (Bradl, 2002; Nriagu, 1989; Shallari, Schwartz,
Hasko, & Morel, 1998). Other sources of environmental contamination are metal
corrosion, atmospheric deposition, soil erosion of metal ions, sediment re-suspension
and metal evaporation from water sources to soil and ground water. Heavy metal
pollution and contamination is a crucial problem because of their disadvantageous
effects on human health (Nriagu, 1989). They have different toxicological properties
which affect the functions of human body system such as neurology, nephrology and
embryology. Moreover, the US EPA and the International Agency for Research on
Cancer (IARC) have classified them as known or probable human carcinogens based
on the significant findings of epidemiological and experimental studies (Tchounwou
et al,, 2012). Among these heavy metals, Pb, Hg, Cd and As have been classified as
the priority heavy metals of public health concerns (WHO., 2017). Previous studies
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have found that exposure to these heavy metals is a potentially hazardous for the
pregnant mother and the developing fetus resulting a number of adverse outcomes.
This study focused on the outcomes including preeclampsia, preterm birth, low birth
weight and BDNF which is a particular biomarker of cognitive dysfunction leading

mental health problems in pregnancy.

1) Lead

Global production and consumption of Pb has increased in the past decade
and is expected to be continued. It is among the most extensively recycled of any
comorbidity metal. The extensive use of Pb causes negative effects on the
environment and humans (WHO., 2010). Exposure to Pb is approximated to account
for 0.6% of the global burden of diseases and the highest Pb burden is particularly
seen in the developing countries (WHO., 2009). Although reduction the uses of Pb in
some sectors have been achieved, the source of Pb exposure still remains as an
important role for environmental and human health (Fewtrell, Kaufmann, & Pruss-
Ustun, 2003). Pb is physically a bluish or silvery gray metal. Atomic number in
periodic table is 82. Relative atomic mass is 207.19 and specific gravity is 11.34.
Melting point is 327.5°C and boiling point is 1740°C at atmospheric pressure.
Oxidation state in inorganic compounds is +2 (IPCS., 1995). Occupations with
potential to expose Pb are battery manufacturing, ceramic manufacturing,
construction, manufacturing of industrial machinery and equipment, paint and
pigment manufacturing, plastics manufacturing, printing, solid waste combustion, and
use of Pb based paints (John & Gary, 2001).

Inhalation and ingestion of Pb are the primary routes of absorption. Kinetics
and metabolism is influenced by the physical and chemical states and also host
factors including age, physiological state, nutritional status and genetic factors. In
workplace, approximately 35-40% of inhaled Pb is ultimately absorbed to the
bloodstream. Absorption from air to blood consists of two main processes;
deposition of airborne Pb particles in the respiratory tract and absorption and
clearance from the respiratory tract into the blood circulation. In case of non-

occupational exposure, Pb is absorbed by the gastrointestinal system where dietary
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factors and nutritional status are also influencing the absorption. Dermal absorption
of Pb through unabraded human skin is considered to be in minimal level. The initial
distribution of Pb in human body relies on the rate of blood delivery to the various
organs. Approximately 99% of Pb binds to the erythrocytes and only 1% remains in
the plasma. Pb is distributed to the soft tissues such as blood, liver, kidney and
mineralizing systems such as bone and teeth. Three pools of blood, bone and soft
tissues have identified with distinct half-lives respectively. Among them, blood Pb is
recommended as the most liable compartment with 36 days of half-life in human. It
is eliminated in urine, feces, bile, skin, nails, sweats, and breast milk, but
approximately 70% is via the urine (Rabinowitz, Wetherill, & Kopple, 1976).

Pb has been found as able to cross the blood-placenta barrier by passive
diffusion. It can be readily transferred from mother to the fetus and accumulate in
the fetal bone tissues. Oxidative stress in trophoblastic placental tissue plays an
important role in the biochemical mechanism of preterm birth. Pb-induced oxidative
stress is becoming increasingly concerned for preterm birth. Researchers proposed
that Pb could enhance the lipid peroxidation in the placenta through promotion of
membrane physical changes which leads to oxidative stress. Some assumed that Pb
directly reacts with GSH through the mechanism of oxidative stress to occur the
significant effect on preterm birth (Ahamed, Mehrotra, Kumar, & Siddiqui, 2009). In
placental tissue, there is a redox system in which Glutathione (GSH) is the first line of
defense against oxidative damage (Hayes & MclLellan, 1999). Regarding the role of Pb
in LBW, it is well-known that Pb can accumulates in many parts of the body and
mostly in the bones (Chuang et al,, 2001). The body burden of Pb stored in the
maternal bones can be released in pregnancy and then contribute to impact on the
fetus (Al-Saleh, Shinwari, Mashhour, Mohamed Gel, & Rabah, 2011).

There are a number of previous studies on the relationship between prenatal
Pb exposure and adverse pregnancy outcomes such as gestational hypertension,
spontaneous miscarriage, preterm birth, intrauterine fetal growth restriction, low birth
weight and neurodevelopment (Andrews, Savitz, & Hertz-Picciotto, 1994; Angell &
Lavery, 1982; Falcon, Vinas, & Luna, 2003). Whole blood Pb concentration is the

utmost useful laboratory test to confirm whether acute or chronic exposure (Joseph
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& Robert, 2014). Previous studies which proved the significant association between

maternal Pb exposure and pregnancy outcomes are shown in the table 1.
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Table 1 Related studies on the association between maternal Pb exposure and

pregnancy outcomes

No.  References Study Sample collection Findings
population
1. (Disha. et al,, 67 pregnant Maternal whole Higher blood Pb

2019), Taiwan

women from
the OBGYN
outpatient
department, 23
(PE cases), 44
(healthy

controls)

blood samples

level (BLL) is
significantly
associated with
increased risk of
PE, mean BLL:
3.42 + 2.18 ug/dL
(cases),

2.38 + 2.43 ug/dL
(controls), (p-
value = 0.0132),
DBP was
significantly
higher in cases,
(102.95 + 13.34
mmHg) than
controls

(65.54 + 7.9 mm
Hg) (p-value

< 0.001)
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No.  References Study Sample collection Findings
population
2. (Obadiaetal, 80 pregnant Whole blod A significant
2018), DR women who samples and association
Congo came to gve spot urine between high

3. (Bayat et al,
2016), Iran

birth at the
hsopital, 40 (PE
cases), 40

(controls)

158 pregnant
women, aged
15-40 years, a
singleton
pregnancy
(cases: > 20™
weeks of
gestation
admitted to
the hospital
with a
diagnosis of
PE), (controls:

without PE)

samples before

delivery

Whole blood

samples

maternal BLL
and PE (p-value
= 0.001), mean
BLL: 6.7 pe/dL
(cases), 5.1 pg/dL
(controls)

A significant
relationship
between
maternal BLL
and PE (p-value
= 0.028), mean
BLL: 8.04 + 3.4
pg/dL (cases),
6.24 + 1.74 pg/dL

(controls)




Table 1 continued

36

No.  References Study Sample collection Findings
population
4. (Vigeh et al, 396 pregnant Umbilical cord Mean cord BLL
2006), Iran women, absent  blood samples were significantly
history of at delivery, higher in PE
chronic maternal whole cases (4.30
diseases (heart blood samples +2.49 pg/dl), a
diseases, within 24 hours significant
diabetes, after delivery association
cancer and between
renal failure) environmental
exposure to Pb
and risk of PE
(OR: 12.96, 95%
Cl 1.57: 107.03,
p-value <0.05)
5. (Luo et al,, 1,700 pregnant 310 whole A significant
2017), North women who blood samples association
California, US attended to during 1° between
ANC clinic, trimester maternal BLL
English or and LBW
Spanish

speaking, age >
18 years, 18"
weeks

gestation
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No.  References Study Sample collection Findings

population

6. (Taylor, 14,541 4,285 whole Mean Pb: 3.67 +
Golding, & pregnant blood samples 1.47 pe/d|,
Emond, women during early median Pb: 3.42
2014), UK pregnancy pe/dl a

significant
association with
preterm birth
(adjusted OR
2.00, 95% Cl 1.35,
3.00)

7. (Perkins et al,, 949 mother- Whole blood A significant
2014), Eastern  child pairs samples at a association
Massachusett during 1* mean of 27.9 between
s, US prenatal visit to  weeks maternal Pb

the hospital, gesteation exposure (at very

English
speaking, a
singleton
pregnancy, <
22 weeks

gestation

low levels) and
preterm birth
among male
newborns (OR:
5.51, 95% Cl:
1.21, 25.15),
mean BLL: 1.2
pg/dL, mean
birth weight:
3505 ¢
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No.  References Study Sample collection Findings
population
8. (Xie et al,, 252 mother- Maternal whole An increased
2013), China infant pairs, age  blood samples maternal

9.  (McMichael,
Vimpani,
Robertson,
Baghurst, &
Clark, 1986),

Australia

> 18 years,
plan to deliver
at the research
hospital,
residence > 3
years in the

research area

749 pregnant
women from
longstanding
Pb pollution
suffered

community

during
admission for
delivery, cord
blood samples

at birth

Maternal whole
blood samples
at 4-0 weeks, 32
weeks and

delivery

exposure to Pb
was associated
with decreased
birth weight (OR:
-148.99; 95% Cl:
-286.33, -11.66),
median: 3.20
pe/dL

A significant
association
between
maternal BLL at
delivery and
preterm birth
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2) Mercury

Different forms of Hg had been used for distinct purposes in industrial sectors
because of their property acting as a cathode in the electrolysis of sodium chloride.
The resultant chemicals are contaminated with Hg and their use in other industrial
activities contaminates to other products. Hg was used in gold extraction, electrical
products manufacturing industry, laboratory, medical instruments and some
therapeutic medical treatment such as dental silver amalgams (IPCS., 1991). There
are three forms of Hg; elemental form (metallic form), inorganic form (Hg chloride),
and organic form (methyl Hg and ethyl Hg). In physical appearance, it is a slivery
white metal. Atomic number in periodic table is 80. Relative atomic mass is 200.59
and specific gravidity is 13.633. Melting point is -38.83°C and boiling point is 356.7°C
at atmospheric temperature. The usual oxidation state of three forms are; 2 for
elemental Hg, 1 for inorganic Hg and -2 for organic Hg respectively (Bose-O'Reilly,
McCarty, Steckling, & Lettmeier, 2010).

According to previous studies, human exposure to Hg can occur mainly
through the consumption of contaminated fish or seafood. Occupations related with
batteries, ceramics, dental medicine, electroplating, disinfectants, wood
preservatives, paints and dyes, fungicides, insecticides and paper manufacturing are
at high risk of exposure (Joseph & Robert, 2014). Inhalation of Hg vapor is the main
route of elemental Hg intake. The uptake of metallic Hg vapor from inspired into the
blood depends on the dissolution of Hg vapor in the blood because it passes
through the pulmonary circulation (WHO., 1976). Absorption of inorganic Hg from the
contaminated food was found to be about 7% in average. Use of skin-lightening
cosmetics which contains inorganic Hg can be absorbed through the skin but little is
known about dermal absorption of inorganic Hg (Hursh, Clarkson, Miles, & Goldsmith,
1989). Small amount of absorbed inorganic Hg is exhaled as metallic Hg vapor in
urine and feces (WHO., 1976) .

Human health effects include both acute and chronic onsets. Acute effect
includes local skin irritation, vomiting, stomach pain, bloody diarrhea, acute
respiratory distress and intentional tremor. Chronic effect includes paresthesia in

fingers, tongue and face, dysphagia, salivation, restlessness, insomnia, visual and
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auditory disturbances, mental disturbances, proximal tubular damage with
proteinuria and renal failure (Morton, 2006). Hg can also transfer the neurotoxic
effect from mother to fetus providing prolonged burden on neurological
development of the child (Bose-O'Reilly et al., 2010). Biological monitoring of Hg can
be assessed in whole blood, exhaled air, urine and hair. Whole blood Hg is a good
indicator of acute and chronic exposure to methyl Hg or Hg vapor. (Boerleider,
Roeleveld, & Scheepers Paul, 2017). Previous studies examining the association

between maternal Hg exposure and pregnancy outcomes are shown in the table 2.
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Table 2 Related studies on the association between maternal Hg exposure and

pregnancy outcomes

No. References

Study population

Sample

collection

Findings

1. (Kobayashi
et al.,, 2019),

Japan

2. (Vigeh et al,,
2018), Japan

15,444 pregnant
women in early
pregnancy form the
obstetrics facilities
or local

government offices

334 mother-child
pairs from early
pregnancy (12
weeks gestation) to
delivery, well
communicated, age
>20 years, a
singleton
pregnancy, planned
to undergo prenatal
care and delivery at
the research
hospital, free from
chronic conditions
(hypertension,

diabetes, cancer)

Maternal whole
blood samples
during 2" and

3 trimesters

Maternal whole
blood samples
at 1%, 2" and
3 trimesters,
umbilical cord
blood samples

at delivery

No association
between blood
He level and
birth weight,
median (IQR):
3.66 (2.59-5.18)
ng/g

A negative
correlation
between total
blood Hg in
early pregnancy
and birth weight
(OR: = 0.170, p-
value = 0.006),
mean blood Hg
in 1" trimester
were higher
than US EPA
recommended
level (5.8 pg/L),
Hg exposure at
the early stages
of pregnancy
may be a risk

factor for LBW
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No. References Study population Sample Findings
collection
3. (Mario et al., 2,644 pregnant 1,869 cord Prenatal Hg

2016), Spain

4. (Tanget al,

2016), China

5. (Bashore et
al., 2014),
us

women during 1%
ANC visit of early

pregnancy from

primary health care

centres or public

hospitals

120 pregnant
Chinese women
living on Shengsi
Island, an area of
high heavy metals

contamination

191 pregnant
women from
Brooklyn Prenatal
Clinic and follow
up until delivery

(aged 18-45 years)

blood samples

at delivery

Umbilical cord
samples from
mother-
newborn pairs
(n=103) at

delivery

Urine samples
during the 6™
to 9" month of
pregnancy, cord
blood samples

at delivery

exposure may
be associated
with decreased
fetal growth,
fish
consumption
should be
considered as
an important
confounder
Maternal
exposure to Hg
was assocaited
with decreased
birth weight in
fish consuming
pregnant
women

No association
between
maternal Hg
exposure and
either LBW or

preterm birth
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No. References Study population Sample Findings
collection
6.  (Ding et al, 258 mother—infant Maternal whole He exposure
2013), China  pairs from the rural blood samples levels were

northern China in

the southern

coastal area of

Laizhou Bay of the

Bohai Sea

at adimission
for delivery,
cord blood
samples at

delivery

much lower
than those
reported in
previous
studies, mean
maternal blood
Hg: 0.84 pg L™
no significant
association
between
maternal blood
Hg and birth
weight
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3) Cadmium

Cd is an electropositive metal. It is commonly present in zinc, Pb and copper
cores and produced as a by-product of the smelting and refining of these ores.
Extensive usage of Cd is in electroplating. Cd alloys are used in high speed bearings,
solder and jewelry. Cd sulfides and selenides are used as pigments in rubber,
plastics, paint, textiles and ceramics (Joseph & Robert, 2014). Regarding physical
appearance, it is a soft bluish-white solid. Atomic number in periodic table is 48.
Relative atomic mass is 112.40 and specific gravity is 8.65. Melting point is 321.01°C
and boiling point is 767°C at atmospheric temperature. The usual oxidation state of
Cd is +2 but it also exists in +1 state (Weast, 1974).

Occupational exposure to Cd can be occurred in the production of alloy,
battery, electrical contact, paint, pesticide and plastic, dry color formulation,
electroplating and textile printing. Food contamination risk is high if the storage was
done in ceramic containers glazed with Cd. In general population, Cd exposure
mainly occurs through contaminated food such as liver and meat by-products,
shellfish and vegetables. Tobacco plant can be accumulated with environmental Cd
and cigarette smoking is an also a well-known exposure (Joseph & Robert, 2014). Cd
is primarily absorbed by inhalation (10-40%) and ingestion (5%). Dermal absorption is
negligible under ordinary circumstances.

It was mentioned that Cd cannot easily cross the placental barrier, however,
adverse effects of Cd on placental functions, fetal growth and development had
been identified in previous studies (lyengar & Rapp, 2001; K. Yang, Julan, Rubio,
Sharma, & Guan, 2006). Cd concentration can be measured in whole blood and
blood Cd level provides useful information on Cd absorption from different parts of
the body. In occupational exposure cases, blood Cd concentration can be
interrupted if the exposure pattern is ascertained, whether recent or past. Therefore,
other information such as the diet, smoking, personal hygiene at workplace are also
required (W. Thomas, Lars, Gunnar, & Rolly, 1988). Previous studies which proved the
significant association between maternal Cd exposure and pregnancy outcomes are

shown in the table 3.



45

Table 3 Related studies on the association between maternal Cd exposure and

pregnancy outcomes

No. References

Study population

Sample

collection

Findings

1. (F.Wanget
al,, 2018),
China

2. (Tsuji et al,,

2018), Japan

132 pregnant
women at the
research hospital
(51 PE cases, 51

healthy controls)

14,847 pregnant
women in early
pregnancy from
obstetrics facilities

or local

government offices

Maternal whole
blood samples
during 28-40
weeks
gestation,
placental tissue
samples within
10 minutes
after delivery,
BP
measurement
and two mid-
stream urine
samples during
each prenatal
Visits

Maternal whole
blood samples
in 2" and 3"

trimesters

Median blood
Cd: 1.21 pg/L
(0.76-1.84 pg/L)
in cases and
1.09 pg/L (0.72-
1.31 pg/L) in
controls], a
statistically
significant higher
blood and
placental Cd
levels in PE
cases than
healthy controls
(OR: 7.83, 95%
Cl: 1.64, 37.26)
Median Cd: 0.66
ng/g, a
significant
association
between Cd
level and early
preterm birth
(OR 1.91, 95%
Cl: 1.12, 3.27, p-
value=0.018)
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No. References Study population Sample Findings
collection
3. (Luoetal, 1,700 pregnant 310 whole A significant
2017), North ~ women who blood samples association
California, attended to during 1° between
us prenatal clinic, trimester maternal blood
English or Spanish Cd and LBW
speaking, age > 18
years, 18" weeks
gestation
4. (Wai, Mar, 419 pregnant 419 maternal A significant
Satoko, women during 3™ spot urine association
Mitsutoshi, trimester, age > 18 samples in 3 between
& Chiho, years, resdience > 6 trimester prenatal Cd
2017), months in the exposure and
Myanmar research area LBW (OR 1.10,
95% Cl : 1.0,
1.21, p-value =
0.043)

5. (H. Wang et
al,, 2016),
China

3,254 pregnant

women

Maternal serum
samples (1,122
in 1% trimester,
2,132 in 2"

trimester)

Mean serum Cd:
0.89 pg/L,
median: 0.79
pe/L, a positive
association with
preterm birth
(OR 2.86, 95%Cl:
1.95, 4.19, p-
value < 0.001)
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No. References Study population Sample Findings
collection
6. (C.M. Taylor, 4,191 mother-child Maternal whole Mean blood Cd:
J. Golding, &  pairs blood samples 0.56 + 0.62
AM. in early pe/L, median:
Emond, pregnancy 0.29 pg/L, an
2016), UK (median of 11 adverse
weeks association
gestation) between blood
Cd level and
birth weight (OR:
-62.7¢, 95% Cl: -
107.0, -18.4)
7. (J. Yang et 5,364 pregnant Mid-stream An increased
al., 2016), women from the urine samples urinary Cd was
China prospective healthy  during associated with

baby cohort (a
single gestation and
live birth, well
communicated in

Chinese language)

admission for

delivery

likelihood of
preterm (OR:
1.78; 95% ClI:
1.45, 2.19), no
association with

LBW
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a4) Arsenic

As is a natural metalloid and occurs in a variety of chemical forms such as
elemental, organic and inorganic forms. Elemental form seldom exits in the nature
and is of low suability. That form rarely causes human toxicity. Inorganic As is
encountered in commerce predominantly as trivalent or pentavalent oxides, sulfides
or salts. Organoarsenicals occurs in the nature and have many synthetic forms
varying widely in the toxicological attributes. As is used in the industrial settings as
minor constituent of metal alloys (e.g., the hardening of Pb in battery grids, bearings,
ammunition and the manufacture of certain types of glass). It is used in domestic
sector as a pesticide or herbicide in the past but most of them had been continued
except some herbicides (Joseph & Robert, 2014). In physical appearance, it is
different depending upon the specific gravity such as yellow colored As with specific

gravity of 1.97 and gray or metallic with specific gravity of 5.73. Atomic number in
periodic table is 33. Relative atomic mass is 74. 922. Melting point is 817° C and

boiling point is 613°C at atmospheric pressure. It has totally thirty isotopes including
75,74, 76, 82, 77, 73, 79, 78, 72, 64, 81, 90, 80, 87, 92, 63, 66, 61, 68, 83, 62, 71, 67,
91, 84, 70, 60, 65, 88 and 89 (Joseph & Robert, 2014).

Occupational exposure to As can be found in animal food additives,
microelectronic manufacturing, pesticide spraying, phosphate detergents and
smelting of nonferrous ores (John & Gary, 2001). General population expose inorganic
As primarily through ingestion of food that contain As as a consequence of natural
crustal occurrence or anthropogenic contamination. In different parts of the world,
inorganic As of geologic origin may be found in artesian well water that exceeds
USEPA standard. Seafood such as fish, mollusks, and seaweeds may often contain
naturally occurring nontoxic organoarsenicals (Joseph & Robert, 2014). The main
routes of exposure are inhalation and ingestion. Absorption greatly depends upon its
chemical and physical form. After inhalation of airborne As particles, they are
deposited in the upper respiratory tract and swallowed by mucociliary clearance,
then resulting in gastrointestinal absorption (National Academy of Sciences, 1977).

Approximately 80 % is absorbed by the gastrointestinal tract (Fowler, Ishnishi,
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Tsuchiya, & Vahter, 1979). Dermal absorption of As can be seen by the occurrence of
systemic toxicity after accidental topical exposure to As acid. But the information
about significant skin absorption is limited (National Academy of Sciences, 1977).
After absorption, As is bound to proteins in the blood and redistributed to the liver,
spleen, kidneys, lungs and gastro-intestinal tract within 24 hours. Negative effects can
be released via multiple modes of action including inhibition of enzymes essential
for cell metabolism, induction of oxidative stress and alterations in gene expression
and cell signal transduction (John & Gary, 2001). It is excreted primarily by the renal
system as inorganic form (Lugo, Cassady, & Palmisano, 1969).

As was found as able to readily cross the placenta led to transfer of exposure
effects from mother to fetus inducing adverse outcomes. Significant association of
maternal As exposure with adverse pregnancy outcomes such as LBW, preterm birth
had been studied. For example, a study in an arseniasis-endemic area of
northeastern Taiwan (C. Y. Yang et al., 2003) compared the risk of adverse pregnancy
outcomes including preterm birth and LBW between an area with historically high As-
exposed area and non-As-exposed area. They showed an association between As
exposure from drinking well water and risk of preterm (OR: 1.10 (95% CI 0.91-1.33)
although not significantly. They also identified the evidence for the role of As
exposure in increasing risk of LBW. Measurement of As concentration in the urine is
useful to confirm recent exposure (Joseph & Robert, 2014). Blood analysis of As is
also helpful to diagnose acute intoxication and whole blood As level may be
elevated in that conditions (John & Gary, 2001). Previous studies which proved the
significant association between maternal As exposure and pregnancy outcomes are

shown in the table 4.
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Table 4 Related studies on the association between maternal As exposure and

pregnancy outcomes

No. References

Study population

Sample

collection

Findings

1. (Farzan et
al., 2015),
UsS

514 pregnant
women from The
New Hampshire
Birth Cohort

at ANC clinics
during 24-28 weeks
gestation, age 18-45
years, a singleton
pregnancy, no plan
to move residence

before delivery

Maternal spot
urine samples
at enrollment,
BP
measurement
at each

prenatal visits

Both SBP and DBP
increased during
pregnancy, mean
BP was highest in
3" trimester SBP:
112.9 + 9.8 (1),
1125 + 8.2 (2"),
115.3 + 8.4 (3",
DBP: 68.4 + 7.7
(1%),67.0 + 6.0
(2, 69.4 + 6.2
(3", each 5-pg/L
increase in urinary
As was associated
with a 0.15-mmHg
greater monthly
increase in SBP
(95% Cl: 0.02,
0.29; p-value =
0.022), As exposure
was associated
with greater
increases in BP
over the course of

pregnancy
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No. References Study population Sample Findings
collection
2. (H.Wang et 3,194 mother-infant Maternal Maternal As
al., 2018), pairs from a sub- serum samples exposure
China study of the China- at the increases the
Anhui Birth Cohort beginning and risks of
middle of the moderate-to-late
pregnancy (4- preterm birth,
27 weeks incidence
gestation) of preterm birth
was elevated in
high As-exposed
group compared
to low As-
exposed group
(7.0% vs 4.8%, p-
value = 0.016),
adjusted OR:
1.47 (95%Cl:
1.03,2.09; p-
value = 0.034)
3. (H. Liuet 1,390 pregnant Spot urine Urinary As levels
al,, 2018), women at 1% samples during in 3 trimester
China prenatal visit (no prenatal visits were associated

plan to move, a
singleton baby <16
weeks, plan to
deliver at the

research hospital)

In 15’[’ 2ﬂd’ 3rd

trimesters

with decreased
birth weight
24.27 ¢ (95% Cl: -
46.99: - 1.55)
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No. References

Study population

Sample

collection

Findings

4. (Liao et al,,
2018)

5. (Rahman et
al,, 2017),
Bangladesh

130 pregnant

women (22-45 years

old)

1,180 pregnant
women for drinking
water As exposure,
1,093 pregnant
women for
maternal toenail As
exposure

from a longitudinal
birth cohort study
in Banglades(age >
18 years, a
singleton pregnancy
of <16 weeks

gestation

Maternal urine
samples in all

trimesters

Dirnking water
samples from
tubewells,
maternal
toenails
samples (all 10
toenais) at < 1
month post-

partum

Mean urinary As:
41.8 pg/L (1%
trimester),

40.0 pg/L (2™
trimester),

40.6 pg/L (3
trimester), 2"
trimester urinary
As level was
associated with
decreased birth
weigh (OR: -
173.26 g, p-value
< 0.01)

A causal
relationship
between
prenatal As
exposure and
LBW, shortening
gestation and
possibily IUGR
likely to play an
important role in
the causal

pathway
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No. References Study population Sample Findings
collection
6. (Claus et al,, 622 mother-infant Maternal Median blood

2016), US

7. (Huyck et
al,, 2007),
Bangladesh

pairs residing near
mining-related
Superfund site in
Northeast
Oklahoma during
ANC visits or at
delivery from the
research hospital
(giving birth at the
hospital, plan to
live in the research
area for next 2
years)

57 pregnant women
through community
meetings with
health care workers,
age =18 years, a
singleton pregnancy
of < 28 weeks
gestation, utilized
the same primary
drinking water
source for at least 6
months before

pregnancy

whole blood
and umbilical
cord blood
samples at

delivery

Maternal hair,
toenail, and
drinking water
samples at the
1% ANC visit
and within 2
weeks after

delivery

As: 1.94 (0.97,
2.3) pg/L, high
maternal As
exposure (Q 4)
was significantly
associated with
decreased birth
weight (OR: -
142.5, 95% Cl: -
252.9:-32.2)

A negative
association
between As
exposure and
birth weight, a
significant
association
beteween hair As
level in early
pregnancy and
decreased birth
weight ( OR: -
193.5 + 90.0 g, p-
value = 0.04)
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2.1.5 Relationship between heavy metals and BDNF

Previous animal studies had examined that heavy metals can negatively
impact cognitive function through down regulation of BDNF. All of lead, mercury,
cadmium and arsenic share the common pathway to produce oxidative stress where
pro-oxidant elements and antioxidants including BDNF become lack of balance (Karri
et al,, 2016). Their common mode of actions in the hippocampus of the brain was
shown in the following figure. It was proved the links between lead, mercury,
cadmium, arsenic and cognitive dysfunction. For example, lead intervene the Glu
transmission and interrupt the expression of NMDA in synaptic and extra synaptic
region. Mercury has high affinity to Na® /K*-ATPase enzyme, extra synaptic NMDA
receptor, Glu and biological Ca*”. Cadmium interfere with Na® /K*-ATPase and
biological Ca*% Arsenic has the property bind AchE and GAD. Then the functional
interaction of them induces common adverse effect under influencing the anti-
oxidant elements status. Moreover, the dynamic interaction between heavy metals
and neurochemicals alters the integrity of neuronal cell by down-regulation of BDNF
and other elements. Finally common susceptibility factor provides the oxidative
stress which leads to programmed neuronal cell death resulting cognitive
dysfunction (Ceccatelli et al., 2010; Gavazzo et al., 2008; Stackelberg, Elizabeth, Tian,
& Birgit, 2013).

Figure 2 Common mode of actions of heavy metals on BDNF

(Karri et al., 2016)
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2.2 Brain-derived neurotrophic factor

It is the 2™ discovered member of neutrophins family and essential for the
development and survival of neurons, synaptic plasticity and cognitive functions.
Sources of secretion are neurons and peripheral cells such as leukocytes, endothelial
cells, and platelets. It has a capability of crossing the blood-brain barrier (Endling,
Nanavati, Johnson, & Tuohy, 2004; Nakahashi et al., 2000; Pan, Banks, Fasold, Bluth, &
Kastin, 1998). It is important for adult neurogenesis in which neural stem cells and
progenitor cells generate the neurons (Travaglia & La Mendola, 2017). It is located on
the short arm of chromosome 11 and consists of 9 exons and 9 promoters which
organize the transcription of BDNF (Binder & Scharfman, 2004). Additionally, BDNF is
the result of translation of minimally 34 mRNA transcripts from alternative splicing of
totally 11 upstream exons (1-9a) where each exon is coding for the 5 untranslated
region (5UTR), spliced to a common downstream exon 9 that encodes the protein
and two different 3'UTR sequences (Pruunsild, Kazantseva, Aid, Palm, & Timmusk,
2007). Gene structure of human BDNF was mentioned in the figure 3 in which open
boxes are representatives of exons. Lines are connecting two exons. Arrows indicate
alternative polyadenylation sites (PolyA) in the 3'UTR and internal altermative splice
sites in exons 2, 6, 7 and 9a (letters a, b, c and d). Exons are drawn to scale (Gabriela

& Tongiorgi, 2009).

4(;'—%] ICDS: S —

ab c poly A

BDNF transcrlpts

BoNF1 [l icos! 9 | BDNFS :CDSE 9 |

BDNF:%?CDSE 9 | BDNF6-9ba ?cosi 9 |

BDNF3a @?CDSE 9 | BDNF7 ECDSi 9 |

BoNF4 [ icos! 9 | BDNFSS E?E?CDSE 9 |

BDNF5 [Eicpsi 9 | BDNFsssn|s{sl] cDs: 9 |

BDNFsh [F] icDs! 9 | BDNFOa %icosi 9 |
b™'d

Figure 3 Human BDNF gene structure and its splicing variants

(Gabriela & Tongiorgi, 2009)
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Neuronal synthesis, processing, sorting, transport and secretion of BDNF was
shown in the figure 4. BDNF protein is primarily synthesized in the endoplasmic
reticulum (ER) as a pro BDNF. Then it reaches into the Trans Golgi network (TGN) via
the Golgi apparatus from where it moves onwards to the constitutive and regulated
secretory pathways. The process of BDNF binding to the lipid-raft-associated sorting
receptor carboxypeptidase E (CPE) in the TGN is essential for sorting into secretory
vesicles of the regulated pathway in which the vesicles are subsequently transferred
into suitable sites for activity-dependent secretion. Afterwards CPE is internalized and
transported back to the TGN through the endocytic recycling compartment. The
obvious protein convertases within the TGN and secretory vesicles of the regulated
pathway divide the amino-terminal pro-domain of pro BDNF for the production of
mature BDNF. Mature BDNF undergoes the interaction with both pre- and post-
synaptic TrkB receptors in order to activate intracellular secondary messenger

cascades (K. Thomas & Davies, 2005).

* ProBDNF
= Mature BDNF

/<CPE CIB
®
A

Plasma membrane

Constitutive
pathway

/®
3 Regulated
pathway
G
\@ @
&

Site of regulated release

Current Biology

Figure 4 BDNF synthesis, processing, sorting, transport and secretion in neurons

(K. Thomas & Davies, 2005)
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Signaling pathway of BDNF was shown in the figure 2.4. It binds to its high-
affinity receptor namely tyrosine kinase B (TrkB) which led to the recruitment of
proteins for the activation of three signal transduction cascades. The first cascade
contains  sequential activation of ‘insulin receptor substrate-1  (IRS-1/2),
phosphatidylinositol-3-kinase (PI-3K) and protein kinase B (Akt)". The second cascade
is the activation of "Shc/Grb2, Ras, Raf, mitogen-activated protein kinases (MEKs) and
extracellular signal regulated kinases (ERKs)". The third cascade involves
"phospholipase C (PLC), inositol (1,4,5)-trisphosphate [Ins(1,4,5)P3], diacylglycerol
(DAG) and protein kinase C (PKC)". BDNF signaling pathways activate one or more
transcription factors "(cAMP-response-element-binding protein (CREB) and CREB-
binding protein (CBP)" that regulate expression of genes encoding proteins involved in

neural plasticity, stress resistance and cell survival (Bathina & Das, 2015).

mBDNF

Synaptic plasticity /

Gene expression ] CREB

[

Figure 5 Signaling pathway of BDNF
(Bathina & Das, 2015)
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Bio specimens such as whole blood, plasma, serum or blood cells can be
used for assessment of BDNF (Radka, Holst, Fritsche, & Altar, 1996). Serum BDNF level
is responsible for the concentration platelet pool and plasma levels might reflect the
immediately delivered amount to the nervous system (Tamura et al, 2012). A
number of studies had stated the critical role of BDNF for cognitive function, stress
and mood disorders. They showed that BDNF can provide the protection of neurons
against chemical stress. Mechanism of BDNF effect was mentioned as the significant
decrease in stimulus-evoked inhibitory postsynaptic currents (IPSCs) on hippocampal
CA1 pyramidal cells (Frerking, Malenka, & Nicoll, 1998).

BDNF is relatively important for pregnancy because of its peculiar role for
follicular development, embryo implantation, placentation and fetal maturation
(Kawamura et al., 2007) (Kawamura et al., 2009) (Mayeur et al., 2010). Maternal BDNF
concentration influences the neurodevelopment of embryo in embryonal
hippocampal neurogenesis. It was found that BDNF plays a critical role in the
embryonal neurodevelopment of essential neurons such as dopaminergic,
noradrenergic and serotonergic neurons (Glenn et al., 2007). Moreover, previous
studies had investigated that serum BDNF is significantly low in pregnant mothers
comparing to non-pregnant women in follicular phase even in the absence of any
metal problems. However, the knowledge on the mechanism of decreased
peripheral BDNF levels during pregnancy is still limited. It was mentioned that
hemodilution, fetal sequestration and platelets changes might be the possible
causes (Deborah et al, 2012). Significant association between low maternal BDNF
concentration and socio demographic factors and health behaviors such as age,
early pregnancy BMI and regular aerobic exercises during early pregnancy also had
been examined (N. Yang et al, 2017). Decreased circulating BDNF in pregnancy
induces higher risk on affective or neurodevelopmental disturbances and it becomes
awakened for maternal and child health (Deborah et al., 2012).

The role of BDNF in depression has grown in great attention because of
significant evidences in many pre-clinical and clinical studies. A study by (Karege et
al., 2002) shown that serum BDNF levels of depressed patients was significantly lower

than that of healthy controls. They also found that female depressed patients were
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more severe in depressive symptoms and released less BDNF than male patients.
Animal studies had examined that behavioral phenomenon related with depression
could include modulation of BDNF expression (Duman, Malberg, Nakagawa, & D’Sa,
2000). Pathophysiology of BDNF role in depression had been identified as the
relationship between depression and disturbance in structural and synaptic plasticity
which are the major functions of BDNF (Duman, 2002). Clinical studies also proved
the significant response of BDNF in depressed patients before and after
antidepressant medication. For example, (Chen B, Dowlatshahi D, MacQueen GM,
Wang JF, & Young LT, 2001) described that BDNF expression is elevated in the
postmortem brain of depressed subjects treated with antidepressant medications in
comparing with those who were not under antidepressants. In addition, there are a
number of previous studies which investigated the link between maternal blood
BDNF concentration and mental health during pregnancy. They could conclude the
significant relationship between maternal blood BDNF level and the incidence of
maternal depressive disorders within perinatal period (Fung et al., 2015). A Chinese
cohort study hypothesized whether serum BDNF concentration after delivery of the
baby is associated with development of postpartum depression or not. They found
the strong association between decreased serum BDNF concentration at admission
and the incidence of post-partum depression (PPD) after 3 months follow up (Gao,
Wang, Yao, Cai, & Cheng, 2016). A recent study examined BDNF levels across the
pregnancy including post-partum period and concluded that decreased serum BDNF
levels in the late pregnancy correlates with increased depressive symptoms

(Christian, Mitchell, Gillespie, & Palettas, 2016).

2.3 Pregnancy outcomes
2.3.1 Preeclampsia

It was defined as hypertension of at least 140/90 mmHg recorded on at least
two separate occasions, at least 4 hours apart and in the presence of at least 300 mg
protein in a 24 hour collection of urine. It complicates approximately 2-3% of
pregnancies and incidence varies depending on the exact definition used and the

population characteristics. (Philip N & Louise K, 1917). A number of studies have
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identified common risk factors of PE in pregnancy. For example, risk of PE was 4.1%
in first pregnancy and it was 2.76% higher than in second pregnancy (Cho et al., 2015;
Hernandez-Diaz, Toh, & Cnattingius, 2009). Twin pregnancy or multiple pregnancy
also causes nearly a fourfold increased risk of PE independent of race and parity
(Coonrod, Hickok, Zhu, Easterling, & Daling, 1995). Another study found that PE risk in
second pregnancy was 13.3% among those who had the history of PE in the first
pregnancy and 0.85% for those who had absence of past history (Cho et al.,, 2015).
Age was also included as significant factor because risk of PE in pregnant women with
advanced age was 9.4% and those in younger ones was 6.4% (Lamminpas,
Vehvildinen-Julkunen, Gissler, & Heinonen, 2012). By comparing risk of PE between
pregnant women with overweight and those with normal BMI, it can be concluded
pre-pregnancy BMI and gestational weight gain as significant risks. (Shao et al., 2017).
Furthermore, previous studies also examined the significant relationship between
gestational PE and family history or personal history of hypertension (Tessema,
Tekeste, & Ayele, 2015). Its complications can affect both mother and newborns.
Maternal complications are abruption placenta, disseminated coagulopathy (DIC),
pulmonary edema, acute renal failure, eclampsia, liver failure, stroke, long term
cardiovascular morbidity and death. Neonatal complications are preterm birth, IUGR,
hypoxia-neurologic injury and even perinatal death (Philip N & Louise K, 1917).

During normal pregnancy, the villous cytotrophoblast invades into the inner
third of the myometrium and spiral arteries lose their endothelium and muscle
fibers. Those structural modifications are related to functional alterations, such that
spiral arteries become low-resistance vessels, and thus less sensitive, or even
insensitive, to vasoconstrictive substances. Pathophysiology of preeclampsia is
complex and poorly understood. Previous studies have demonstrated that the
primary cause may be related to abnormal placentation. Defective invasion of the
spiral arteries by cytotrophoblast cells is observed during preeclampsia (Uzan,
Carbonnel, Piconne, Asmar, & Ayoubi, 2011).

In public health perspectives, preeclampsia has remained a significant public
health threat in both developed and developing countries contributing to maternal

and perinatal morbidity and mortality globally. But the impact of its consequences is
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more severe in developing countries (Igberase & Ebeigbe, 2006). A previous study has
mentioned that the problem of preeclampsia is confounded by the continued
mystery of the etiology and the unpredictable nature of the disease (Duley, 2003).
The incidence of preeclampsia globally ranges between 2% and 10% of all
pregnancies. WHO estimates the incidence of preeclampsia to be seven times higher
in developing countries (2.8% of live births) than in developed countries (0.4%)
(WHO., 2005). It is a well-known precursor to eclampsia. The incidence of eclampsia
in the developed nations of North America and Europe is similar and estimated to be
about 5-7 cases per 10,000 deliveries. But, the incidence of eclampsia in developing
nations varies widely, ranging from 1 case per 100 pregnancies to 1 case per 1700
pregnancies (WHO., 2004). In Myanmar, eclampsia is the third leading cause of
maternal mortality (11.3%) and the government sectors effort on the promotion of
antenatal care services to prevent preeclampsia and its consequences (Thein et al,,
2012). In Thailand, the incidence of preeclampsia was 2.2% and severe preeclampsia

10.1 per 1,000 deliveries (Abalos et al., 2014).

2.3.2 Preterm birth

In obstetrics, the meaning of term is referred to the gestational period from
37*Y to 41*® weeks and the meaning of preterm is the period between 24*° and 36"
weeks. According to The WHO, preterm birth is defined as live born infants delivered
before 37 week from the first day of the last menstrual period (Philip N & Louise K,
1917).

Preterm birth remains a leading cause of neonatal morbidity and mortality
worldwide, accounting for 60 to 80% infant death without congenital abnormalities.
Neonatal morbidities related to preterm birth can induce many complications
including growth failure, cerebral palsy, cognitive disorders and others which remain
as significant public health problems (Richard, Avory, & Michele, 2015). Risks of
preterm birth include non-modifiable and modifiable factors. Non-modifiable factors
are ethnicity, low education and socio economic status, parity 0 or >5, adolescent
pregnancy, twin pregnancy, past history of preterm birth, uterine anomalies, cervical

anomalies, abdominal surgery, present pregnancy conditions such as recurrent
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antepartum hemorrhage and intercurrent illness. Modifiable factors are smoking, poor
nutrition, absence or inadequate antenatal care, BMI < 20 , closed inter-pregnancy
interval (<1 year) (Philip N & Louise K, 1917). A study in Brazil mentioned that
adolescent pregnancy, low education, advanced maternal age, multiple pregnancy
and inadequate prenatal care were associated with spontaneous preterm birth. It was
found that maternal age >30 years and short maternal stature also had a significant

risk on preterm birth among Tanzanian population (Muhihi et al.,, 2016). Another

study in Kenya concluded that maternal age <20 years, parity> 4, twin pregnancy,
urinary tract infections, pregnancy induced hypertension, antepartum hemorrhage
and prolonged rupture of membranes were significantly associated with the risk of
preterm birth (Wagura, Wasunna, Laving, Wamalwa, & Ng’ang’a, 2018). Moreover,
improper antenatal care, short inter pregnancy interval and underweight mother with
inadequate weight gain were included in common risks of preterm birth according to
previous study. In Myanmar, Infant Mortality Rate was 25.9 (urban) & 27.4 (rural) in
2011. Preterm birth rate was 12.4% of total live births in 2010. In Thailand, IMR was
10.5 in 2016. Preterm birth rate was 12 % of total live births in 2010 (Blencowe et al.,
2013).

2.3.3  Low birth weight

According to the WHO, LBW is defined as a newborn weight of less than 5
pounds 8 ounces (or) 2,500 grams (or) 2.5 kilograms. Measuring weight at birth is very
important for the infant's life and it influences on both infant mortality and
morbidity. The risk of infant mortality is 20 times higher for LBW babies when
compared to normal weight babies (Hussaini, Holley, & Ritenour, 2011).

A number of maternal factors can impact on birth weight of newborn and the
most common ones are maternal age (both old and young), ethnicity, height, pre-
pregnancy weight and parity (Philip N & Louise K, 1917). Previous studies have
examined that non-modifiable factors of the mother such as age < 20 years, twin
pregnancy, low education and history of chronic diseases were significantly
associated with the incidence of LBW (Gebremedhin, Ambaw, Admassu, & Berhane,

2015). Presence of history of medical diseases: hypertension, lungs diseases (e.g.,
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cystic fibrosis) or cardiac diseases (e.g., cyanotic heart diseases) can cause poor
placental function which results maternal hypoxia and decreased fetal weight (Philip
N & Louise K, 1917). It had been examined that maternal behaviors potential to
expose environmental hazards significantly influences the fetal weight and growth.
For example, health related behaviors such as smoking, poor antenatal care visit and
poor nutrition impact on fetal weight and growth. Mothers who smoke during
pregnancy deliver babies up to 3 kg lighter than non-smoking mothers (da Fonseca,
Strufaldi, de Carvalho, & Puccini, 2012) (Miyake, Tanaka, & Arakawa, 2013) (Ward,
Lewis, & Coleman, 2007). Previous studies have also found the significant relationship
between exposure to heavy metals and the reduced birth weight of newborns.

It was demonstrated that LBW babies suffer long term consequences on
chronic diseases such as hypertension, type 2 diabetes and cardiovascular diseases.
They have a poor cognitive function and academic performance in comparison with
normal birth weight babies (Hack et al., 2002). In Myanmar, incidence of LBW is 2.1 %
in 2016 (Ministry of Health and Sports, 2017). In Thailand, LBW is 10.4% in 2014 and it
is also the leading cause of under-5 child mortality (Ei EA, Nuttapat M & Kanitta B,
2018).

2.4 Myanmar migrants in Thailand

Push factors including rural poverty, fragile livelihoods, unemployment and
poor economic opportunity predispose Myanmar people especially rural residents
who live near borderline areas to migrate internally or externally. Thailand becomes
a destination country with open economy and job opportunities for migrants of
neighboring countries; Laos, Myanmar and Cambodia. Of these 3 countries, migration
from Myanmar is the highest and increasing progressively. It was reported that 70% of
Myanmar migrants living abroad are in Thailand. They work in various labor intensive
industries, agriculture, trading and services. The educational backeground of Myanmar
migrants in Thailand was found in the previous reports as no schooling (9.8%),
elementary (or) primary school level (26.3%), secondary school level (32.8%) and
high school (12.7%) (Chantavanich & Vungsiriphisal, 2012). In Thailand, there are top

10 provinces with the highest Myanmar migrant population mentioned as in the table



64

2.5 (Chantavanich S & Vunsiriphisal P, 2012). The largest numbers are employed in
constructions (16.6%), fishery and fishery related work (15.6%), and agriculture/
animal husbandry related (12.5%) respectively (Euan, Pukchanok, & Premijai, 2015).

Table 5 Top 10 provinces with largest Myanmar migrant population in Thailand

No. Province Population
1. Bangkok 101,489
2. Samut Sakhon 73,225
3. Tak 35,653
4, Samut Prakan 28,128
5. Ranong 22,988
6. Pathum Thani 22,591
7. Surat Thani 21,228
8. Songkla 19,306
9. Phuket 19,235
10.  Chon Buri 18,425

(Chantavanich S & Vunsiriphisal P, 2012)

2.5 Heavy metals contamination in Samut Sakhon Province

Samut Sakhon Province is situated at the mount of the Tha Chin River, a
distributary of the Chao Phraya River, to the Gulf of Thailand. It is subdivided into 3
districts such as Mueang Samut Sakhon, Krathum Baen, and Ban Pheao. The districts
are further subdivided into 40 communes (tambon) and 288 villages (muban).
Neighboring provinces are Samut Songkhram, Nakhon Pathom and Bangkok. It is also
a part of Bangkok Metropolitan Region. Obviously it is a dense of industrial plant with
a total of about 6,000 factories including fisheries, food and beverages, plastic,
rubber, painting, packaging, dying, textiles and others. Rapid increase of population
with industrialization and economic development in the coastal areas combined with
insufficient environmental protection measures may led to elevated levels of heavy
metal pollution in Thailand (Hungspreugs, Utoomprurkporn, Dharmvanijj, &

Sompongchaiyakul, 1989). Chao Phraya River, Tha Chin River and Mae Klong River are
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regarded as heavy metals contaminated estuarine areas (Polprasert, 1982). They flow
through the densely populated central plain of Thailand before discharging into the
Gulf of Thailand. Because of nutrient-rich, shallow waters and confined nature, the
ecosystems are vulnerable to human activities. However, detrimental effects of
pollution on these ecosystems are believed to have an increased significant amount
of toxic metals (Suvapepun, 1991). A study in the upper Gulf of Thailand had
examined the significant accumulations of lead and cadmium concentrations. This
leads to a long term impact on the aquatic environment through precipitation of
metals to the bottom sediments and bioaccumulation and bio-magnification of

metals in various food chains (Schwartz, Rajan, Askury, Putthapiban, & Djaswadi,

1995).
MYANMAR (\)/\VZ/\
(BURMA)

CAMBODIA

Gulf of
Thailand

Figure 6 Geographical distribution of Chao Phraya River and Tha Chin River
(http://www.maproom.psu.edu/dcw/ Digital Chart of the World)
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CHAPTER Il
RESEARCH METHODOLOGY

3.1 Study design

This study aimed to identify the association between maternal blood heavy
metals and BDNF and pregnancy outcomes among Myanmar migrants in Samut
Sakhon Province, Thailand. A birth cohort design was used in which Myanmar
migrants with pregnancy were recruited during first trimester gestation and followed
up throughout pregnancy. Interested outcomes were: high (or) low maternal plasma
BDNF level, preeclampsia (or) no preeclampsia, normal birth outcomes (full term
birth and/ or normal birth weight) (or) adverse birth outcomes (preterm birth and/or
LBW). Study was carried out from June 2018 to April 2019. Data collection was done
based on the routine ANC procedures of the hospital; first trimester (baseline),
second trimester, third trimester and delivery of newborn baby. Blood sample

collection was done two times in first trimester and third trimester.
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Outcome 1: Maternal plasma BDNF
High plasma BDNF
High blood heavy <:
metals Low plasma BDNF
High NF
Low blood heavy <: igh plasma BD
metals Low plasma BDNF

1tand 3 trimester 15t and 3™ trimester

Myanmar

migrants

v

Outcome 2: Preeclampsia

PE (-)
High maternal blood
PE (+)
Myanmar heavy metals

migrants
Low maternal blood <: PE ()

heavy metals PE (+)

v

1*t and 3™ trimester 1°t and 3" trimester

Outcome 3: Birth outcomes

Normal birth outcomes

High blood heavy <
Adverse birth outcomes

metals level

Low blood heavy Normal birth outcomes
metals level <:

Adverse birth outcomes

Myanmar

migrants

v

1*t and 3" trimester Delivery

Figure 7 Myanmar migrant birth cohort
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3.2 Study area

The study area was Samut Sakhon Province which is the second of top ten
provinces with largest Myanmar migrants. It was recognized as a dense of industrial
plant with a total of about 6,000 factories manufacturing mainly food and beverages,
plastic and plastic products, rubber and rubber products, jewelry and textiles. It is
situated at the mouth of the Tha Chin River which is one of the distributaries of the
Chao Phraya River to the Gulf of Thailand. There were three administrative divisions
in Samut Sakon province; Amphoe Mueang Samut Sakhon, Ban Pheao and Krathum

Baen.

a NAYOKJ5y
Bangkok
NPMNININAT S o
®

Fisure 8 Samut Sakhon Province

(https://www.google.com/maps/place/Samut+Sakhon)
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Study population

Participants were the registered Myanmar migrants in Samut Sakhon Province,

Thailand.

3.3.1
1)
2)
3)
4)
5)
6)

33.2
1)
2)
3)
4)

Inclusion criteria

Those who visited ANC clinic of the hospital within first trimester gestation
Those who stayed in the study area at least three months before
Those who aged between 18 to 35 years

Those who planned to deliver the baby at the study hospital

Those who could read, write and communicate in Myanmar language
Those who were willing to participate

Exclusion criteria

Those who was multiparous with more than five parities

Those who had less than one year inter-pregnancy interval

Those who was confirmed as multiple pregnancy by ultrasound

Those with history of PE, preterm birth, LBW and depression
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3.4 Sample size calculation

The following formula was used to calculate the sample size for this study
(Bernad, 2000; Fleiss, Levin, & Paik, 2003; Ngamjarus & Chongsuvivatwong, 2014). A
total sample size calculated was 124 to identify as high exposure and low exposure
towards heavy metals. The participants were divided into two groups; group with
high maternal blood heavy metals level (high exposure, n= 62) and group with low
maternal blood heavy metals level (low exposure, n= 62).

2

5 g P45 _py/mg <22

Nexposure = A

p, = Ploutcomelezposure), ¢, =1 —p,

n, = P(outcome|unezposure),q, =1 —n,

_ Myneaposure

p= +r Wq=1-pr=

nezpo&ure

Where,

P (outcome/ unexposed) = 0.210 (C.M. Taylor et al., 2016)

P (outcome/ exposed) =0.460 (C.M. Taylor et al., 2016)

Ratio (r) =1.000

Alpha (o) = 0.05, z (0.975) = 1.9559964, Beta (3) = 0.20, z (0.800) = 0.841621
Exposed = 54, Unexposed = 54,

By a continuity correction,

High exposed (Exposed) = 62, Low exposed (Unexposed) = 62
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3.5 Sampling method

In Thailand, there are totally 77 provinces. Among them, Sumut Sakhon
Province was purposively selected based on its characteristics of greater possibilities
for heavy metals pollution. In Samut Sakhon province, there are three administrative
districts: Amphoe Mueang Samut Sakhon, Ban Pheao and Krathum Baen. Among
them, Krathum Baen district was selected purposively and Krathum Baen hospital
was also selected by purposive sampling. Participants were collected on the basis of

inclusion and exclusion criteria at the registration of regular ANC clinic.

Thailand

(77 Provinces)

!

Samut Sakhon Province

1. Mueang Samut Sakhon

2. Ban Pheao Purposive

A

3. Krathum Baen sampling

!

Krathum Baen District L

!

Krathum Baen Hospital L
l Inclusion &

A

Exclusion

n=124 criteria

Figure 9 Sampling method
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3.6.1
1)

2)

3)

3.6.2
1)
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Measurement tools

Questionnaires

Self-reported questionnaires for first trimester

Socio-demographics: age, ethnicity, marital status, education, occupation,
monthly family income, duration of stay in the study area

Health history and health behaviors: obstetric and gynecological history,
history of hypertension, family history of hypertension and depression, history
of smoking including secondhand smoke exposure, history of drinking, history
of hair coloring, dental filling, regular exercise, and seafood consumption
Environmental factors: residential proximity within 1 kilometer to the places
of high risk of heavy metals exposure such as alloy production factory,
battery manufacturing factory, ceramic manufacturing factory, electronics
manufacturing factory, slass manufacturing factory, insecticide/ pesticide
manufacturing factory, metal pipe production factory, paints production
factory, paper manufacturing factory, pigments manufacturing factory, plastics
manufacturing factory, textile printing factory, other factories, construction
sites, farm using insecticides/ pesticides, solid waste combustion site
Self-reported questionnaires for second trimester

Health behavioral change

Occupation change

Residence change

Self-reported questionnaires for third trimester

Health behavioral change

Occupation change

Residence change

Clinical records

ANC card

Height (centimeters), Weight (kilograms)

Systolic and diastolic BP (mmHg)

Ultrasound findings
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2) Delivery note
Gestational age at delivery (weeks)
Birth weight of newborn (grams)

3.6.3 Laboratory tools for blood analysis

1) Inductively coupled plasma mass spectrometer (ICP-MS) was used for whole
blood heavy metals analysis

2) Sandwish Enzyme-linked Immunosorbent Assay (ELISA) kit (RayBio, USA) was

used for plasma BDNF analysis.

3.7 Validity of the questionnaires
The Item-Objective Congruence Index (I0C) was analyzed for questionnaires'
content validity testing by the following experts:
1) Dr. May Thu Htun, MBBS, MMed Sc
Senior Assistant Surgeon, Obstetrics and Gynecology Specialist
Central Women Hospital, Yangon, Myanmar
2) Dr. Pokkate Wongsasuluk, Ph.D
College of Public Health Sciences, Chulalongkorn University
3) Dr. Wandee Sirichokchatchawan, Ph.D
College of Public Health Sciences, Chulalongkorn University
The I0OC of the questionnaires from three experts was 0.84 and the content

validity of the questionnaires used in this study was approved for measuring.
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3.8 Data collection

Permission was asked from the local authorities and the study hospital. A
research team was organized and it included one research assistant (to facilitate the
participants in providing questionnaires), three trained nurses (to facilitate the
participants at ANC clinic, to collect blood samples and to collect clinical records)
and one experienced laboratory technician (to perform laboratory analysis). The
research assistant was a Myanmar nationality migrant from the local migrants' health
volunteered group who had well Myanmar language proficiency. The trained nurses
were Thai Nationalities and recruited from the corresponding departments of the
hospital: ANC clinic, laboratory department and delivery room. Before data
collection, an orientation session for the nurses was given by the researcher to
standardize their performances. The laboratory technician was requested from the
standard toxicological laboratory. The appropriate time for data collection was
planned according to the information of ANC clinic schedule of the hospital. An
appropriate plan for blood collection including management of complications,

storage and transportation of blood samples was prepared.

1* trimester 2" trimester 3" trimester Delivery

2 s 2

F 7 7

v

® (Questionnaire ® Questionnaire
collection collection
® Clinical ® (Questionnaire ® Clinical ® Clinical
record review collection record review record review
® Blood sample ® Blood sample
collection collection

Figure 10 Flow of data collection
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3.8.1 First trimester (baseline)
1) Questionnaires collection

It was carried out at the ANC clinic. Eligible participants were recruited from
the registration records by inclusion and exclusion criteria. Adequate information
including the objectives, methods, benefits and risks of the study, rights of the
participants was properly provided to the participants. Informed consent was also
obtained. Self-reported questionnaires were collected after their appointments with
the obstetrician and it took about 10 minutes to complete all components. The
researcher and the research assistant facilitated in the questionnaires collection. After
completing the questionnaires, they were sent to the laboratory department to
collect blood samples alongside routine investigation procedures.
2) Clinical record review

The ANC card of participant was reviewed by the nurse from ANC clinic.
Information including height, weight, systolic/ diastolic BP, and ultrasound findings
were noted.
3) Blood sample collection

It was carried out at the laboratory department. The trained nurse drew
blood (total 5 ml) into 2 separated EDTA tubes (2.5 ml each); 1 tube was to analyze
whole blood heavy metals and another tube was to analyze plasma BDNF. The
sample tubes were properly labelled with hospital number and name of the
participant and also included the purpose to analyze. All sample tubes were stored

at 4°C before transfer to the laboratories.

3.8.2 Second trimester
1) Questionnaires collection

It was performed during second trimester ANC visit. The pregnant women
answered the self-reported questionnaires for second trimester which contained
health related behavioral change, occupation change and residential change. It was

taken about 3 minutes.
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3.8.3 Third trimester
1) Questionnaires collection

It was carried out during third trimester ANC visit. The participants answered
the self-reported questionnaires for third trimester which contained health related
behavioral change, occupational change and residential change. It was taken about 3
minutes.
2) Clinical record review

ANC cards review was done by the nurse from ANC clinic. Information
including systolic/ diastolic BP and ultrasound findings were noted.
3) Blood sample collection

It was performed by the trained nurse at the laboratory department. Totally 5
ml of maternal whole blood was drawn into two separated EDTA tubes (2.5 ml
each); one tube was to analyze whole blood heavy metals and another tube was for
plasma BDNF analysis. Sample tubes were properly labelled with hospital number
and name of the participant and also included the purpose to analyze. All samples
were stored at 4°C before transferring to the laboratories.
3.8.4 Delivery
1) Clinical record review

Delivery notes review was done by the nurse from the delivery room.
Interested birth outcomes; type of delivery, gestational week at birth and birth

weight of the newborn were noted.
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3.9 Data analysis
3.9.1 Statistical analysis

In this study, IBM SPSS Software Version 22 for Windows supported by
Chulalongkorn University was used to analyze the data. Appropriate statistical tests
were used based on the objectives. For the homogeneity of pregnant women in first
trimester and delivery, general characteristics of them were compared by using
independent t-test for continuous variables and Chi-square test of homogeneity for
categorical variables.

Table 6 Statistical methods

Objective Statistical methods

Main To identify the association Linear regression models for continuous
between maternal blood  variables

heavy metals level and Independent variable: blood heavy metals

BDNF and pregnancy concentrations (Pb, Hg, Cd, As)
outcomes Dependent variable: systolic/ diastolic BP,

gestational age at delivery, birth weight of
newborn

Logistic regression models for categorical
variables

Independent variable: blood heavy metals

levels (Pb, Hg, Cd, As)

Dependent variable: plasma BDNF levels




Table 6 Continued
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Objective

Statistical methods

Specific

To assess maternal blood
heavy metals and BDNF
concentrations

To find the factors
associated with heavy

metals levels

To describe the risk
factors affecting

pregnancy outcomes

Descriptive analysis

Mean (+ SD), Median (IQR)

Independent t-test for continuous variables,
Chi-square test of association for categorical

variables, Fisher's exact test

Independent variable: general characteristics
of pregnancy
Dependent variable: blood heavy metals

levels (Pb, Hg, Cd, As)

Independent t-test for continuous variables,
Chi-square test of association for categorical
variables, Fisher's exact test

Independent variable: general characteristics
of pregnancy

Dependent variable: PE, preterm birth, LBW
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3.9.2 Whole blood heavy metals analysis

A total of 5 ml of maternal whole blood was collected from each participant
in 2 separate ethylenediaminetetraacetic acid (EDTA) coated tubes by a trained
nurse. One tube (25 ml) was used to analyze whole blood heavy metal
concentrations, and the second tube (2.5 ml) was used to measure plasma BDNF
concentrations. Samples were sent to a standard toxicology laboratory for heavy
metal analysis. In summary, each blood sample was washed in purified water and a
2% nitric acid solution. Digested samples were quantitatively analyzed using an
inductively coupled plasma mass spectrometer (ICP-MS).

The detection limits were mentioned as follows.
First trimester
1) Pb: 12.00 pe/L
2) Hg: 1.00 pg/L
3) Cd: 0.18 pg/L
a) As: 2.70 pg/L
Third trimester
1) Pb: 6.00 pg/L
2) He: 1.20 pg/L
3) Cd: 0.17 pg/L
a) As: 2.00 pg/L

Limits of detection (LOD) was calculated by SD*3 and limits of quantitation
was calculated by SD*10.
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3.9.3 Plasma BDNF analysis

It was performed two times in first trimester and third trimester. Maternal
plasma BDNF concentration was measured using the quantitative ELISA kit (RayBio,
USA) in accordance with manufacturer's protocols. All reagents and samples were
bought to room temperature before use. Sample dilution of antibody cocktails and
serial dilution for standard solution were prepared according to the procedures. Flat
bottom 96-well plates coated with anti-Human BDNF were used to analyze BDNF
absorbance. All samples were assayed in duplicate. The immobilized antigen and
antibody were incubated with 70 ul of antibody cocktail containing biotinylated anti-
Human BDNF and concentrated HRP-conjugated streptavidin for 10 minutes. After
incubation, 50 pl of each standard and sample were added into the appropriate
wells followed by incubation for 2 hours. The solutions were discarded by adding
and washing with 300 pl of wash buffer into 4 times. After washing, 100 pl of
tetramethylbenzidine (TMB) one-step substrate reagent was added to each well and
incubation at dark room was done for 30 minutes by gentle shaking. Color
development was stopped by the addition of 0.2 M sulfuric acid, then the
absorbance of 450nm of each well contents was measured immediately by a
Microplate Reader. All incubations were performed under room temperature and it
took 2 hours and 40 minutes for total assay time excluding washing process. BDNF

concentrations were expressed as pg/ml.

Figure 11 A quantitative sandwich ELISA kit (RayBio, USA)
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3.10 Identification of heavy metals exposed groups

Heavy metals exposed groups were identified according to the median
concentrations of each heavy metals because of non-normal distribution of their
concentrations by the test of normality. Those whose heavy metals concentrations
equal to and above median levels were identified into high exposed groups and
those whose heavy metals concentrations less than median levels were identified
into low exposed groups.

The cut-off points for each heavy metals exposed group were as follows.
1) Pb: 27.40 pg/L (first trimester), 19.90 pug/L (third trimester)
2) Hg: 6.20 pg/L (first trimester), 2.60ug/L (third trimester)
3) Cd: 0.91 pg/L (first trimester), 1.06 pg/L (third trimester)
a) As: 4.00 pg/L (first trimester), 3.40 pg/L (third trimester)

3.11  Ethical consideration
This study was reviewed and approved by:

1) The Research Ethics Review Committee for Research Involving Human
Research Participants, Health Sciences Group, Chulalongkorn University
(RECCU) (COA No. 251/2018)

2) The Ethical Clearance Committee on Human Rights Related to Researches

Involving Human Subjects, Krathum Baen Hospital, Ministry of Public Health
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CHAPTER IV
RESULTS

A migrant birth cohort study was conducted among registered Myanmar

migrants residing in Samut Sakhon Province, Thailand. The study period was June

2018 to April 2019 and a total of 119 pregnant women were recruited to participate

in this cohort.

The results of this study were presented in five parts as the followings

4.1
4.2
43
4.4
4.5
4.6

General characteristics of pregnant Myanmar migrants in Thailand
Maternal blood biomarkers

Factors affecting maternal blood heavy metals levels

Factors affecting pregnancy outcomes

Effect of maternal blood heavy metals level on BDNF

Effect of maternal blood heavy metals level on pregnancy outcomes

4.1 General characteristics of pregnant Myanmar migrants in Thailand

At baseline, 119 registered Myanmar migrants, aged 18-35 years who visited

the clinic within the first trimester gestation were recruited. In first trimester, the

heavy metals exposure groups were identified according to the median values: high

exposed groups (> median) and low exposed groups (< median) as follows.

a) 60 low exposed and 59 high exposed for Pb exposure (median = 27.40)

b) 62 low exposed and 57 high exposed for Hg exposure (median = 6.20)

) 60 low exposed and 59 high exposed for Cd exposure (median = 0.91)

d) 64 low exposed and 55 high exposed for As exposure (median = 4.00)

In third trimester data collection, there were 103 pregnant women completed

the questionnaires data collection. But only 72 pregnant women of them completed

blood samples collection. All of them have also taken their delivery at the study

hospital. Therefore, there were a total of 72 pregnant women completed the study

including first trimester, second trimester, third trimester and delivery of the

newborn. In third trimester, the heavy metals exposure groups were identified
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according to the median values: high exposed groups (> median) and low exposed

groups (< median) as follows.

a) 36 low exposed and 36 high exposed for Pb exposure (median = 19.90)
b) 39 low exposed and 33 high exposed for Hg exposure (median = 2.60)
c) 37 low exposed and 35 high exposed for Cd exposure (median = 1.06)
d) 38 low exposed and 34 high exposed for As exposure (median = 3.40)
In this study, 47 pregnant women were lost and excluded from the study as
followings.
a) 1 case of completed miscarriage
b) 1 case of intrauterine fetal growth restriction
) 5 pregnant women who moved ANC to the other hospitals
d) 15 pregnant women who went back to delivery in Myanmar
e) 25 pregnant women who did not complete blood samples collection
Flow of the participants in this cohort was demonstrated in the following
fisure 12.
1°! trimester 3" trimester Delivery
n=119 n =103 n=72
A >

5 = move ANC to other 25 = incomplete blood

hospital samples

10 = back to Myanmar 5 = back to Myanmar

1 = completed 1 = IUGR

Total loss rate = 47 (39.49%)

Figure 12 Flow diagram of participants
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Baseline data collection was participated by 119 pregnant women and
delivery of newborn was completed by 72. There was no significant difference for
general characteristics of pregnancy between first trimester (n= 119) and delivery (n=
72). The average age (+ SD) was 28.05 + 4.22 (years) for first trimester and 28.79 +
4.09 (years) for delivery. The average BMI in early pregnancy (+ SD) was 23.64 + 3.78
(kg/m?) in first trimester and 23.73 + 3.93 (kg/m?) at delivery. Regarding monthly
family income, the average (+ SD) was 15400.00 + 5303.22 (THB) in first trimester and
15534.72 + 5181.20 (THB) at delivery. The average duration of residence in the study
area (+ SD) was 5.25 + 2.81 (years) in first trimester and 5.82 + 2.98 (years) at delivery.
Regarding the ethnicity, Burmese was the most common group, 52 (43.7%) in first
trimester and 28 (37.8%) at delivery. All of pregnant women in this cohort reported
that they were officially married. Most of them had finished their secondary school
education 44 (37.0%) in first trimester and 25 (35.7%) at delivery. Nearly 80% of
pregnant women in both first trimester and delivery answered that they were
employed during pregnancy. More than a half of pregnant women 67 (56.3%) have
been pregnant in first trimester and 46 (63.9%). A few of them (about 5%) have
history of hypertension before the present pregnancy. Regarding smoking and
drinking behaviors, all of the pregnant women in this study were non-smokers and no
history of drinking as well. More than 50% of pregnant women in first trimester
reported that they have exposed to secondhand smoke during this pregnancy. About
70% of them in first trimester and delivery have reported that their residence was
proximity to the factories. But the residential proximity towards the agricultural farms

and constructions site were less than 20% and no difference between periods.



Table 7 General characteristics differences between first trimester and delivery

General characteristics Myanmar migrants p-value
1% trimester (n=119) Delivery (n=72)
Age (years) 28.05 +4.22 28.79 + 4.09 0.271°
BMI in early pregnancy 23.64 + 3.78 23.73 + 3.93 0.704°
(ke/m?)
Monthly family income 15400.00 + 5303.22  15534.72 + 5181.20 0.825°
(THB)
Duration of stay in the 5.25 + 281 5.82 + 298 0.170°
study area (years)
Ethnicity 0.886°
Burmese 52 (43.7) 28 (37.8)
Karen 26 (21.8) 18 (24.3)
Mon 16 (13.4) 11(14.9)
Others 25(21.1) 17 (23.0)
Education 0.827°
Able to read and write 14 (11.8) 6 (8.3)
Primary school 36 (30.2) 24 (33.4)
Secondary school 44 (37.0) 25 (35.7)
High school and above 25(21.0) 17 (23.6)
Occupation 0.855"
Employed 95 (79.8) 56 (77.8)
Unemployed 24(20.2) 16 (22.2)
Have been pregnant 0.368°
Yes 67 (56.3) 46 (63.9)
No 52 (43.7) 26 (36.1)
Number of previous 0.657°
child
> 1 child 63 (52.9) 31(43.1)
No child 56 (47.1) 41 (56.9)




Table 7 Continued
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General characteristics Myanmar migrants p-value
1% trimester (n=119) Delivery (n=72)
History of hypertension 0.735°

Yes 5(4.2) 4 (5.6)

No 114 (95.8) 68 (94.4)

Family history of 0.865"
hypertension

Yes 29 (24.4) 19 (26.4)

No 90 (75.6) 53 (73.6)

History of secondhand 0.300°
smoke exposure

Yes 65 (54.6) 33 (45.8)

No 54 (45.5) 39 (54.2)
Residential proximity to 0.520°
the factories

Yes 84 (70.6) 47 (65.3)

No 35(29.4) 25 (34.7)
Residential proximity to 1.000°
the agricultural farms

Yes 14 (11.8) 8(11.1)

No 105 (88.2) 64 (88.9)
Residential proximity to 0.455"
the construction sites

Yes 21 (17.6) 16 (22.2)

No 98 (82.4) 56 (77.8)

ke = kilogram, m = meter, THB = Thai Baht

Data were presented as mean = standard deviation (mean + SD) and number (frequency) (n, %)

? = Independent t test, ® = Chi-square for test of homogeneity
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4.2 Maternal blood biomarkers

Concentrations of each heavy metals (Pb, Hg, Cd, As) and BDNF were
demonstrated in descriptive values: mean (+ standard deviation SD), median
(Interquartile range IQR), minimum and maximum. Heavy metals (Pb, Hg, As, Cd) and
BDNF concentrations were detected in (pg/L). The detection rates of all biomarkers
were 100 %. The standard values of some heavy metals levels according to CDC
were Pb <50 pg/L and Hg <10 pg/L. Table 8 represents the descriptive analysis of
maternal blood biomarkers concentrations and their detection rates in first trimester.

And table 9 represents the results of those biomarkers in third trimester.

Table 8 Blood biomarkers concentrations and detection limits in first trimester

n =119  Concentration Detection  Standard
Mean = SD  Median (IQR) Range limits CDC

Pb 30.66 (+ 14.90) 27.40 (13.80) 12.00-125.40 pe/L 12.00 < 50

Hg 7.04 (+ 4.17) 6.20 (5.60) 1.00-21.10 pe/L 1.00 < 10

Ccd 0.90 (+ 0.48) 0.91 (0.85) 0.18-2.56 pe/L 0.18

As 4.13 (+ 0.84) 4.00 (1.10) 2.70-6.80 pe/L 2.70

BDNF 57.89 (+ 21.20) 64.60 (15.60) 4.90-85.10 pe/L 4.90

Table 9 Blood biomarkers concentrations and detection limits in third trimester

n=72 Concentration Detection  Standard
Mean £ SD  Median (IQR) Range limits CDC

Pb 21.96 (+ 9.82) 19.90 (11.40) 6.00-62.00  peg/L 6.00 <50

Hg 5.42 (+ 20.57) 2.60 (2.00) 1.20-177.20  pg/L 1.20 <10

Cd 1.02 (+ 0.36) 1.06 (0.46) 0.17-1.98  pg/L 0.17

As 3.87 (£ 1.59) 3.40 (1.40) 2.00-11.10  pg/L 2.00

BDNF 25.86 (+ 20.37) 18.27 (23.40) 0.30-71.60  pg/L 0.3
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4.3 Factors affecting maternal blood heavy metals levels

4.3.1 Association between general characteristics of pregnancy and Pb exposure in
first trimester

The association between general characteristics and Pb exposure in first
trimester was presented in table 10. There were no statistically significant
associations between general characteristics including (socio-demographics, health
histories, health behaviors and environmental factors) and Pb-exposed groups (high
Pb-exposed group [n = 59] and low Pb-exposed group [n = 60]) in first trimester. The
average age (+ SD) was 27.68 + 4.21 (years) in the high-exposed group and 28.42 +
4.23 (years) in the low-exposed group. Regarding BMI in early pregnancy, the average
(+ SD) was 23.75 + 3.83 (kg/m?) in high-exposed group and 23.54 + 3.77 (kg/m?) in
low-exposed group. The average monthly family income (+ SD) of high-exposed
group, 15100.00 + 5371.36 (THB) was lower than those of low-exposed group with
15700.00 + 5262.13 (THB). About 50% of pregnant women in both high and low Pb-
exposed groups were Burmese.
Table 10 Association between general characteristics of pregnancy and Pb exposure

in first trimester

General characteristics Total Pb exposure p-value
(n=119) High (n=59)  Low (n=60)
Age (years) 28.05+4.22 2768 +421 2842+4.23 0.342°
BMI (kg/m?) 23.64 +3.78 2375+ 383 2354 +3.77 0.765°
Monthly family income 1541597 + 15100.00 +  15700.00 + 0.524°
(THB) 5303.22 5371.36 5262.13
Duration of stay in the 525+ 282 485+259 565+ 299 0.121°
study area (years)
Ethnicity 0.652°
Burmese 52 (43.7) 27 (51.9) 25 (48.1)
Others 67 (56.3) 32(47.8) 35(52.2)
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General characteristics Total Pb exposure p-value
(n=119) High (n=59)  Low (n=60)
Education 0.769°

< Primary school 50 (42.2) 24 (48.0) 26 (52.0)

> Primary school 69 (58.0) 35 (50.7) 34 (49.3)
Occupational status 0.963°

Employed 95 (79.8) 47 (49.5) 48 (50.5)

Unemployed 24.(2.2) 12 (50.0) 12 (50.0)

Have been pregnant 0.054°

Yes 67 (56.3) 28 (41.8) 39 (58.2)

No 52 (43.7) 31 (59.6) 21 (40.49)
Secondhand smoke 0.412°
exposure

Yes 65 (54.6) 30 (46.2) 35(53.8)

No 54 (45.4) 29 (53.7) 25 (46.3)

Seafood consumption 0.653"

> Once a week 20 (16.8) 9 (45.0) 11 (55.0)

< Once a week 99 (83.2) 50 (50.5) 49 (49.5)

Hair coloring 0.924°

Yes 57 (47.9) 28 (49.1) 29 (50.9)

No 62 (52.1) 31 (50.0) 31 (50.0)

Amalgam filling 0.563"

Yes 12 (10.1) 5(41.7) 7(58.3)

No 107 (89.9) 54 (50.5) 53 (49.5)
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General characteristics Total Pb exposure p-value
(n=119) High (n=59)  Low (n=60)

Residential proximity to

the factories 0.795"

Yes 84 (70.6) 41 (48.8) 43 (51.2)

No 35(29.4) 18 (51.4) 17 (48.6)
Residential proximity to 0.094°
the agricultural farms

Yes 14 (11.8) 4(28.6) 10 (71.4)

No 105 (88.2) 55 (52.4) 50 (47.6)
Residential proximity to 0.777°
the construction sites

Yes 21 (17.6) 11 (52.4) 10 (47.6)

No 98 (82.4) 48 (49.0) 50 (51.0)

ke = kilogram, m = meter, THB = Thai Baht

Data were presented as mean + standard deviation (mean + SD) and frequency (n, %)

2 = Independent t test, ° = Chi-square test, © = Fisher's exact test (n < 5)

4.3.2  Association between general characteristics of pregnancy and Hg exposure in

first trimester

Table 11 represents the association between general characteristics and Hg

exposure in first trimester as the followings. There was a statistically significant

association between the history of amalgam filling treatment before pregnancy and

Hg exposure levels in first trimester (p-value = 0.047). About 75% of high Hg-exposed

group (n= 57) had the history of taking amalgam filling treatment and 55.1% of low

Hg-exposed group (n= 62) had no history of taking amalgam filling treatment.

There were no significant associations between the other characteristics and

Hg exposure in first trimester. The average age (+ SD) was 27.95 + 4.04 (years) in high

Hg-exposed group and 28.15 + 4.40 (years) in low Hg-exposed group. Regarding BMI in

early pregnancy the average (+ SD) was 23.76 + 3.90 (kg/m?) in high-exposed group
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and 23.52 + 3.70 (kg/m? in low-exposed group. The average monthly income of the
low Hg-exposed group 15800.00 + 5474.64 (THB) was higher than that of high Hg-
exposed group, 15000.00 + 5127.38 (THB). More than half of the low Hg-exposed
group (55.1%) had the education level above primary school and about 52% of high
Hg-exposed group had the education level of primary school and lower. Most of the
pregnant women in high and/or low Hg-exposed groups have stayed in the study

area for an average of about 5 years.

Table 11 Association between general characteristics of pregnancy and Hg exposure

in first trimester

General characteristics Total Hg exposure p-value

(n=119) High (n=57) Low (n=62)

Age (years) 28.05 +4.22 2795+ 404 28.15+ 4.40 0.800°
BMI (kg/m?) 23.64 + 3.78 2376 £390 2352 +3.70 0.733°
Monthly family income 1541597 + 15000.00 + 15800.00 + 0.424°
(THB) 5303.22 5127.38 5474.64
Duration of stay in the 525+ 282 525+ 2.63 5.26 + 2.99 0.981°
study area (years)
Ethnicity 0.973°
Burmese 52 (43.7) 25 (48.1) 27 (51.9)
Others 67 (56.3) 32 (47.8) 35 (52.2)
Education 0.446"
< Primary school 50 (42.2) 26 (52.0) 24 (48.0)
> Primary school 69 (58.0) 31 (44.9) 38 (55.1)
Occupational status 0.494°
Employed 95 (79.8) 47 (49.5) 48 (50.5)
Unemployed 24 (2.2) 10 (41.7) 14 (58.3)
Have been pregnant 0.480°
Yes 67 (56.3) 34 (50.7) 33 (49.3)

No 52 (43.7) 23 (44.2) 29 (55.8)
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General characteristics Total Hg exposure p-value

(n=119) High (n=57) Low (n=62)
Secondhand smoke 0.960°
exposure

Yes 65 (54.6) 31 (47.7) 34 (52.3)

No 54 (45.4) 26 (48.1) 28 (51.9)

Seafood consumption 0.093"

> Once a week 20 (16.8) 13 (65.0) 7 (35.0)

< Once a week 99 (83.2) 44 (44.4) 55 (55.6)

Hair coloring 0.632°

Yes 57 (47.9) 26 (45.6) 31 (54.4)

No 62 (52.1) 31 (50.0) 31 (50.0)

Amalgam filling 0.047°*

Yes 12 (10.1) 9 (75.0) 3 (25.0)

No 107 (89.9) 48 (44.9) 59 (55.1)
Residential proximity to 0.477°
the factories

Yes 84 (70.6) 42 (50.0) 42 (50.0)

No 35(29.4) 15 (42.9) 20 (57.1)
Residential proximity to 0.123°
the agricultural farm

Yes 14 (11.8) 4(28.6) 10 (71.4)

No 105 (88.2) 53 (50.5) 52 (49.5)
Residential proximity to 0.322°
the construction sites

Yes 21 (17.6) 8(38.1) 13 (61.9)

No 98 (82.4) 49 (50.0) 49 (50.0)

ke = kilogram, m = meter, THB = Thai Baht

Data were presented as mean + standard deviation (mean + SD) and frequency (n, %)

2 = Independent t test, ® = Chi-square test, © = Fisher's exact test (n < 5), * = p-value < 0.05
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4.3.3 Association between general characteristics of pregnancy and Cd exposure in
first trimester

The association between general characteristics of pregnant Myanmar
migrants including socio-demographics, health histories, health behaviors,
environmental factors and Cd exposure in first trimester was presented in the table
12. There were no statistically significant associations between these factors. The
average age (+ SD) of high Cd-exposed group was 27.73 + 4.55 (years) and that of low
Cd-exposed group was 28.37 + 3.87 (years). Regarding BMI in early pregnancy, the
average (+ SD) was 23.71 = 3.96 (kg/m? in high exposed group and 23.56 + 3.63
(ke/m?) in low exposed group. The average monthly income (+ SD) was higher in the
low Cd- exposed group 16200.00 + 5519.22 (THB) than in the high Cd-exposed group,
14600.00 + 4977.93 (THB). The average duration of stay in the study area (+ SD) was
5.54 + 3.10 (years) in high Cd-exposed group and 4.97 + 2.49 (years) in low Cd-
exposed group. The history of secondhand smoke exposure was 52.3% in the high
Cd-exposed group and 47.7% in the low Cd-exposed group. The residential proximity
to the construction sites was 57.1% in the high Cd-exposed group and 42.9% in the

low Cd-exposed group.

Table 12 Association between general characteristics of pregnancy and Cd exposure

in first trimester

General characteristics Total Cd exposure p-value

(n=119) High (n=59)  Low (n=60)

Age (years) 28.05+4.22 2773 +455 2837+ 3.87 0.412°
BMI (kg/m?) 23.64 + 378 2371 +396 2356+ 3.63 0.834°
Monthly family income 1541597 + 14600.00 + 16200.00 + 0.084°
(THB) 5303.22 4977.93 5519.22

Duration of stay in the 525+ 282 554 + 3.10 497 + 2.49 0.267°

study area (years)
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General characteristics Total Cd exposure p-value
(n=119) High (n=59)  Low (n=60)
Ethnicity 0.773°

Burmese 52 (43.7) 25(48.1) 27 (51.9)

Others 67 (56.3) 34 (50.7) 33 (49.3)

Education 0.233°

< Primary school 50 (42.2) 28 (56.0) 22 (44.0)

> Primary school 69 (58.0) 31 (44.9) 38 (55.1)
Occupational status 0.615"

Employed 95 (79.8) 46 (48.4) 49 (51.6)

Unemployed 24 (2.2) 13 (54.2) 11 (45.8)

Have been pregnant 0.936"

Yes 67 (56.3) 33 (49.3) 34 (50.7)

No 52 (43.7) 26 (50.0) 26 (50.0)
Secondhand smoke 0.514°
exposure

Yes 65 (54.6) 34 (52.3) 31(47.7)

No 54 (45.4) 25 (46.3) 29 (53.7)

Seafood consumption 0.153"

> Once a week 20 (16.8) 7(35.0) 13 (65.0)

< Once a week 99 (83.2) 52 (52.5) a7 (47.5)

Hair coloring 0.082°

Yes 57 (47.9) 33(57.9) 24 (42.1)

No 62 (52.1) 26 (41.9) 36 (58.1)

Amalgam filling 0.976°

Yes 12 (10.1) 6 (50.0) 6 (50.0)

No 107 (89.9) 53 (49.5) 54 (50.5)
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Table 12 continued

General characteristics Total Cd exposure p-value

(n=119) High (n=59)  Low (n=60)

Residential proximity to 0.507"

the factories

Yes 84 (70.6) 40 (47.6) 44 (52.4)
No 35(29.4) 19 (54.3) 16 (45.7)
Residential proximity to 0.269°

the agricultural farm

Yes 14 (11.8) 5(35.7) 9 (64.3)
No 105 (88.2) 54 (51.4) 51 (48.6)
Residential proximity to 0.445°

the construction sites
Yes 21(17.6) 12 (57.1) 9(42.9)
No 98 (82.4) 47 (48.0) 51 (52.0)

ke = kilogram, m = meter, THB = Thai Baht
Data were presented as mean + standard deviation (mean + SD) and frequency (n, %)

2 = Independent t test, ® = Chi-square test, © = Fisher's exact test (n < 5)

4.3.4  Association between general characteristics of pregnancy and As exposure in
first trimester

Table 13 represents the association between general characteristics and As
exposure in first trimester. There was a statistically significant negative association
between the history of hair coloring and As exposure (p-value = 0.007). Pregnant
women with more history of hair coloring had lower As exposure.

There was no statistical association between the other general characteristics
such as socio-demographics and environmental factors and As exposure. The average
age (+ SD) was (28.25 + 3.95) years in the high As-exposed group and (27.88 + 4.45)
years in the low As-exposed group. The average monthly income (+ SD) of low As-
exposed group (15900.00 + 5925.12) THB was higher than that of high As-exposed
group (14800.00 + 4449.81) THB. And 57.1% of the high As-exposed group had the
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residential proximity to the agricultural farms and 55.2% in the low As-exposed
group. About 70 % of pregnant in low As-exposed group had a history of hair coloring
and about 30 % in high As-exposed group had the history of hair coloring.

There were no significant associations between the other characteristics and
As exposure in first trimester. The average age (+ SD) was 28.25 + 3.95 (years) in high
As-exposed group and 27.88 + 4.45 (years) in low As-exposed group. Regarding BMI in
early pregnancy the average (+ SD) was 23.65 + 3.57 (kg/m?) in high As-exposed group
and 23.62 + 3.98 (kg/m?) in low As-exposed group. The average monthly income of
the high As-exposed group, 14800.00 + 4449.81 (THB) was lower than that of high As-
exposed group, 15900.00 + 5925.12 (THB). Most of the pregnant women in high
and/or low Hg-exposed groups have stayed in the study area for an average of about
5 years. Regarding seafood consumption, 13 (65%) in high As-exposed group reported
a history of seafood consumption (more than once a week) and 7 (35%) in low As-
exposed group reported that history. About 60% of pregnant in high As-exposed
group reported the history of residential proximity towards the agricultural farm and

that history was reported in 40 % of low As-exposed group.

Table 13 Association between general characteristics of pregnancy and As exposure

in first trimester

General characteristics Total As exposure p-value
(n=119) High (n=55)  Low (n=64)
Age (years) 28.05+4.22 2825+395 27.88 +4.45 0.627°
BMI (kg/m?) 23.64 + 378  23.65+ 357 23.62+ 398 0.961°
Monthly family income 1541597 + 14800.00 + 15900.00 + 0.249°
(THB) 5303.22 4449.81 5925.12
Duration of stay in the 525+ 282 471 + 2.52 5712 + 298 0.051°
study area (years)
Ethnicity 0.702°
Burmese 52 (43.7) 23 (44.2) 29 (55.8)
Others 67 (56.3) 32(47.8) 35(52.2)
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General characteristics Total As exposure p-value
(n=119) High (n=55)  Low (n=64)
Education 0.968°

< Primary school 50 (42.2) 23 (46.0) 27 (54.0)

> Primary school 69 (58.0) 32 (46.4) 37 (53.6)
Occupational status 0.966°

Employed 95 (79.8) 44 (46.3) 51 (53.7)

Unemployed 24.(2.2) 11 (45.8) 13 (54.2)

Have been pregnant 0.702°

Yes 67 (56.3) 32 (47.8) 35(52.2)

No 52 (43.7) 23 (44.2) 29 (55.8)
Secondhand smoke 0.700°
exposure

Yes 65 (54.6) 29 (44.6) 36 (55.4)

No 54 (45.4) 26 (48.1) 28 (51.9)

Seafood consumption 0.065"

> Once a week 20 (16.8) 13 (65.0) 7(35.0)

< Once a week 99 (83.2) 42 (42.4) 57 (57.6)

Hair coloring 0.007°*

Yes 57 (47.9) 19 (33.3) 38 (66.7)

No 62 (52.1) 36 (58.1) 26 (41.9)

Amalgam filling 0.345"

Yes 12 (10.1) 4(33.3) 8 (66.7)

No 107 (89.9) 51(47.7) 56 (52.3)
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General characteristics Total As exposure p-value

(n=119) High (n=55)  Low (n=64)
Residential proximity to 0.635"
the factories

Yes 84 (70.6) 40 (47.6) 44 (52.4)

No 35(29.4) 15 (42.9) 20 (57.1)
Residential proximity to 0.383°
the agricultural farm

Yes 14 (11.8) 8(57.1) 6(42.9)

No 105 (88.2) a7 (44.8) 58 (55.2)
Residential proximity to 0.734°
the construction sites

Yes 21 (17.6) 9(42.9) 12 (57.1)

No 98 (82.4) 46 (46.9) 52 (53.1)

ke = kilogram, m = meter, THB = Thai Baht

Data were presented as mean + standard deviation (mean + SD) and frequency (n, %)

2 = Independent t test, © = Chi-square test, © = Fisher's exact test (n < 5), * = p-value < 0.05
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4.4 Factors affecting the pregnancy outcomes
4.4.1 Factor affecting preeclampsia

Flow of the participants related to preeclampsia outcomes assessment was

shown in figure 13.

1** trimester 3" trimester Delivery
n=119 n =103 n=72
Questionnaires = 119 Questionnaires = 103 Birth outcomes
Blood samples = 119 Blood samples = 72 from delivery
BP from ANC records BP from ANC records records = 72
=119 =103

Figure 13 Flow of the participant related to preeclampsia

The systolic and diastolic BP of pregnant women were assessed in first
trimester and third trimester. All of the participants in first trimester had BP within
the normal values. In third trimester, 4 (3.47%) pregnant women had a high blood BP
(systolic/diastolic) above the normal values (>140/90 mmHg) and they were
diagnosed as preeclampsia.

The association between general characteristics and PE diagnosis in third
trimester was examined. There was a significant association between BMI in early
pregnancy and PE in third trimester (p-value= 0.005). The average BMI (+ SD) of PE
cases 28.87 + 5.60 (kg/m?) was significantly higher than that of non-PE cases whose
BMI was 23.39 + 3.70 (kg/m?). There was also a significant association between the
ethnic groups and PE cases (p-value= 0.023). There were 41 (39.8%) Burmese ethnic
women in third trimester and all of PE cases were Burmese ethnicity.

There were no statistically significant associations between the other factors
and preeclampsia in third trimester. The average age (+ SD), 30.25 + 4.11 (years) of PE
cases was older than the average age, 28.16 + 3.99 (years) of non-PE cases. The

average monthly income (+ SD) of PE cases, 14200.00 + 5560.27 (THB) was less than
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that the average income 15300.00 + 5308.08 (THB) of non-PE cases. All of PE cases

were Burmese ethnicity and they had an occupation in third trimester. Regarding

history of hypertension, all of PE cases in third trimester reported no history of

hypertension before the present pregnancy.

Table 14 Factors affecting preeclampsia in third trimester

Factors Total PE (3" trimester) p-value
(n=103) Yes (n=4) No (n=99)
(3.47%) (86.09%)
Age (years) 2794 + 414  3025+411 28.16 £ 3.99 0.308°
BMI in early pregnancy 23.64 £ 3.83 28.87 +560 2339+ 370 0.005%
(kg/m?)
Monthly family income 15308.70 14200.00 £ 15300.00 + 0.694°
(THB) 5316.55 5560.27 5308.08
Duration of stay in the 5.32 + 2.80 5.25 +4.03 5.60 = 2.80 0.812°
study area (years)
Ethnicity 0.023*
Burmese 41 (39.8) 4 (9.8) 37 (90.2)
Others 62 (60.2) 0 62 (100)
Education 1.000¢
< Primary school 40 (38.8) 1(2.5) 39 (97.5)
> Primary school 63 (61.2) 3(4.9) 60 (95.1)
Occupational status 0.575°
Employed 81 (78.6) 4(4.9) 77 (95.1)
Unemployed 22 (21.4) 0 22 (100)
Have been pregnant 0.634°
Yes 59 (57.3) 3(5.1) 56 (94.9)
No 44 (42.7) 1(2.3) 43 (97.7)
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Factors Total PE (3" trimester) p-value
(n=103) Yes (n=4) No (n=99)
(3.47%) (86.09%)

Number of previous child 0.621°

> 1 child 55 (53.4) 3(5.5) 52 (94.5)

No child 48 (46.6) 1(2.1) 47 (97.9)

History of hypertension 1.000¢

Yes 4(3.9) 0 4 (100)

No 99 (96.1) 4 (4.0) 95 (96.0)

Family history of 1.000°
hypertension

Yes 25 (24.3) 1(4.0) 24 (96.0)

No 78 (75.7) 3(3.8) 75 (96.2)
Secondhand smoke 0.618°
exposure

Yes 51(49.5) 1(2.0) 50 (98.0)

No 52 (50.5) 3(5.8) 49 (94.2)

Regular exercise 0.281°¢

Not daily 27 (26.2) 2(7.4) 25(92.6)

Daily 76 (73.8) 2(2.6) 74 (97.4)

Seafood consumption 1.000¢

< Once a week 83 (80.6) 4(4.8) 79 (95.2)

> Once a week 20 (19.4) 0 20 (100)

ke = kilogram, m = meter, THB = Thai Baht

Data were presented as mean + standard deviation (mean + SD) and frequency (n, %)

* = Independent t test, = Fisher's exact test (n < 5), * = p-value < 0.05
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4.4.2 Factors affecting preterm birth among Myanmar migrants

Flow of the participants related to preterm birth outcomes was shown in the

figure 14.
1*" trimester 3" trimester Delivery
n=119 n =103 n=72
Questionnaires = 119 Questionnaires = 103 Preterm birth
Blood samples = 119 Blood samples = 72 outcomes from
BP from ANC records BP from ANC records delivery records =
=119 =103 72

Figure 14 Flow of the participants related to preterm birth outcomes

According to table 15, there was a statistically significant association between
BMI in early pregnancy and preterm birth (p-value = 0.002) and also between
monthly family income and preterm birth (p-value = 0.011). The average BMI in early
pregnancy (+ SD) of preterm births was 27.50 + 4.22 (kg/m?) and that of normal full
term births was 23.20 + 3.62 (kg/m?). The average monthly family income (+ SD) of
preterm births was 11400.00 + 3004.62 (THB) and 16100.00 + 5229.19 (THB) in normal
full term births. However, there was no statistically significant associations between

the other factors such as age, ethnicity or education and preterm births.
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Table 15 Factors affecting preterm birth

Factors Total Preterm p-value
(n=72) Yes (n=9) No (n=63)
(12.5%) (87.5%)
Age (years) 28.79 + 4.09 28.22 + 315 2887 +4.22 0.658°
BMI in early pregnancy 2373+ 2750 £4.22 23.20 +£3.62 0.002°*
(kg/m?) 3.93
Monthly family income 15534.72 11400.00 = 16100.00 £ 0.011°*
(THB) 5226.77 3004.62 5229.19
Duration of stay in the 5.82 + 298 6.33 £ 3.24 5.75 + 2.96 0.584°
study area (years)
Ethnicity 0.297¢

Burma 28 (38.9) 5(17.9) 23 (81.1)

Others 44 (61.1) 4(9.1) 40 (90.9)

Education 0.476°

< Primary school 30 (41.7) 5(16.7) 25(83.3)

> Primary school 42 (58.3) 4(9.5) 38 (90.5)
Occupational status 1.000¢

Employed 56 (77.8) 7(12.5) 49 (87.5)

Unemployed 16 (22.2) 2(12.5) 14 (87.5)

Have been pregnant 0.473¢

Yes 46 (63.9) 7(15.2) 39 (84.8)

No 26 (36.1) 2(7.7) 24.(92.3)

Number of previous child 0.283°

> 1 child 41 (56.9) 7(17.1) 34 (82.9)

No child 31(43.1) 2 (6.5) 29 (93.5)
Secondhand smoke 1.000°
exposure

Yes 33 (45.8) 4(12.1) 29 (87.9)

No 39 (54.2) 5(12.8) 34 (87.2)




104

Table 15 continued
ke = kilogram, m = meter, THB = Thai Baht
Data were presented as mean + standard deviation (mean + SD) and frequency (n, %)

® = Independent t test, © = Fisher's exact test (n < 5), * = p-value < 0.05

4.4.3 Factors affecting LBW newborns among Myanmar migrants

Flow of the participants related to LBW outcomes was shown in the figure 15.

1** trimester 3" trimester Delivery
n=119 n =103 n=72
Questionnaires = 119 Questionnaires = 103 LBW outcomes from
Blood samples = 119 Blood samples = 72 delivery records =
BP from ANC records BP from ANC records 72
=119 =103

Figure 15 Flow of the participants related to LBW outcomes

Factors affecting LBW newborns among Myanmar migrants was mentioned in
table 16 as follows. According to the table, there were 3 cases of LBW newborns
among a total of 72 pregnant women. The statistically significant associations of LBW
newborns were found for BMI in early pregnancy (p-value = 0,014) and monthly
family income (p-value = 0.046). The average BMI in early pregnancy (+ SD), 29.17 +
5.75 (kg/m?) was significantly higher in LBW newborns than that of normal birth
weight newborns 23.50 + 3.72 (kg/m?). The average monthly income (+ SD) of LBW
newborns, 9666.67 + 577.35 (THB) was significantly lower than that of normal birth
weight newborns, 15800.00 + 5189.36 (THB). The other factors of pregnancy such as
age, ethnicity, education and occupation were not significantly associated with LBW
newborns. Among the 3 LBW cases, 2 cases were Burmese ethnicity and another case
was Mon ethnicity. All cases of mothers of LBW newborns had a history of

occupation during the current pregnancy. Majority worked in the industrial sectors.
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Factors Total LBW p-value
(n=72) Yes (n=3) No (n=69)
(4.17%) (95.83%)
Age (years) 28.79 + 4.09 28.00 £ 2.00 28.83 £4.16 0.735°
BMI in early pregnancy 2373+ 29.17 £ 575 2350 £3.72 0.014°*
(kg/m?) 3.93
Monthly family income 15534.72 9666.67 £ 15800.00 + 0.046%*
(THB) 5226.77 577.35 5189.36
Duration of stay in the 5.82 + 298 4.00 £ 1.73 5.90 + 3.01 0.284°
study area (years)
Ethnicity 0.556°
Burmese 28 (38.9) 2(7.1) 26 (92.9)
Others 44 (61.1) 1(2.3) 43 (97.7)
Education 1.000¢
< Primary school 30 (41.7) 1(3.3) 29 (96.7)
> Primary school 42 (58.3) 2(4.8) 40 (95.2)
Occupational status 1.000¢
Employed 56 (77.8) 3 (5.4) 53 (94.6)
Unemployed 16 (22.2) 0 16 (100.0)
Have been pregnant 0.473¢
Yes 46 (63.9) 2(4.3) 44 (95.7)
No 26 (36.1) 1(3.8) 25 (96.2)
Number of previous child 0.283¢
> 1 child 41 (56.9) 2(4.9) 39 (95.1)
No child 31(43.1) 1(3.2) 30 (96.8)
History of hypertension 1.000¢
Yes 4 (5.6) 0 4 (100.0)
No 68 (94.4) 3 (4.4) 65 (96.6)
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Table 16 continued

Factors Total LBW p-value
(n=72) Yes (n=3) No (n=69)
(4.17%) (95.83%)
Secondhand smoke 0.245¢
exposure
Yes 33 (45.8) 0 33 (100.0)
No 39 (54.2) 3(7.7) 36 (92.3)

ke = kilogram, m = meter, THB = Thai Baht
Data were presented as mean + standard deviation (mean + SD) and frequency (n, %)

? = Independent t test, © = Fisher's exact test (n < 5), * = p-value < 0.05
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4.5 Effect of maternal blood heavy metals levels on BDNF
451 Effect of maternal blood heavy metals on BDNF in first trimester

There were a total of 119 pregnant completed blood samples collection in
first trimester. Among them, 11 pregnant women have a very high (or) low extreme
values of BDNF concentrations. Therefore, those 11 outliers were excluded and sub-
sample analysis (n= 108) was done to find the association between blood heavy
metals levels and BDNF concentrations. Flow of the participants related to BDNF

assessment in first trimester was shown in the figure 18.

1% trimester 3" trimester Delivery

n=119 n =103 n=72

v

Questionnaires = 119

Blood samples = 119

|:> 11 Outliers

n =108

Figure 16 Flow of the participants related to BDNF levels in first trimester

Table 17 shows the binary logistic regression models examining the
associations between blood heavy metal levels and plasma BDNF levels in first
trimester. Test of normality was performed for BDNF concentrations and it was found
that there was a non-normal distribution. Thus, the analyses were performed by
categorizing each heavy metal (Pb, Hg, Cd, As) into 2 groups and BDNF into 2 groups:
high exposed groups (> median), low exposed groups (< median). The multivariate
model was adjusted for potential confounding factors, including age (years), BMI
(ke/m?), secondhand smoke exposure (yes or no) and history of regular aerobic

exercise (yes or no). A statistically significant association was found between blood As
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levels and plasma BDNF levels in the simple bivariate model (OR = 2.483, 95% Cl:
1.142, 5.397, p-value = 0.022). Having a high blood AS level increased the odds of
having low BDNF levels by 2.603 fold after adjusting for potential confounding factors
(@OR = 2.603, 95% ClI: 1.178, 5.751, p-value = 0.018). There were no significant
associations between plasma BDNF levels and Pb, Hg, or Cd in either regression

model.

Table 17 Binary logistic regressions for blood heavy metals (independent) and BDNF

(dependent) in first trimester

Heavy BDNF (High [ref.], Low)
metals High n (%) Low n (%) OR 95% Cl aOR 95% Cl
(n=108)
Pb
Low  28(51.9)  26(48.1) 1 Reference 1 Reference

High 26 (48.1) 28 (51.9) 1.160 0.545, 2.467 1.230  0.569, 2.660
Hs

Low 26 (46.4)  30(53.6) : Reference 1 Reference

High 28 (53.8) 24 (46.2) 0.743 0.348, 1.584  0.707 0.324, 1.541
Cd

Low 25 (46.3) 29 (53.7) 1 Reference 1 Reference

High 29 (53.7) 54 (50.0) 0.743 0.349, 1.583 0.705 0.324, 1.531
As

Low 35(60.3) 23(39.7) 1 Reference 1 Reference

High 19 (38.0) 31 (62.0) 2.483* 1.142,5.397 2.603* 1.178, 5.751

Low exposed groups (< median), High exposed groups (> median)

Adjusted for Age (years), BMI (kg/m?), Secondhand smoke exposure (Yes/ No), Regular exercise

(Yes/ No)
OR = Crude Odd Ratio
aOR = Adjusted Odd Ratio

* p-value < 0.05
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4.5.2 Effect of maternal blood heavy metals on BDNF in third trimester

There were a total of 72 pregnant completed blood samples collection in
third trimester. Among them, 1 pregnant women has a very high (or) low extreme
value of BDNF concentration. Therefore, that 1 outlier was excluded and sub-sample
analysis (n= 71) was done to examine the association between heavy metals levels
and BDNF concentrations. Flow of the participants related to BDNF assessment in first

trimester was shown the figure 17.

15t trimester 3" trimester Delivery

n=119 n =103 n=72
Questionnaires = 119 Questionnaires = 103
Blood samples = 119 Blood samples = 72

I:> 11 Outliers I:> 1 Outlier

n =108 n=71

Figure 17 Flow of the participants related to BDNF levels in third trimester

Table 18 shows the binary logistic regression models examining the
associations between blood heavy metal levels and plasma BDNF levels in third
trimester. Test of normality was performed for third trimester-BDNF concentrations
and it was found that there was a non-normal distribution. Thus, the analyses were
performed by categorizing each heavy metal into 2 groups and BDNF into 2 groups:
high exposed groups (= median), low exposed groups (< median). The multivariate
model was adjusted for potential confounding factors, including age (years), BMI
(ke/m?), secondhand smoke exposure (yes or no) and history of regular exercise (yes
or no). There were no significant associations between plasma BDNF levels and Pb,

Hg, Cd or As in either regression model.
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Table 18 Binary logistic regressions for blood heavy metals (independent) and BDNF

(dependent) in third trimester

Heavy BDNF (High [ref.], Low)
metals  Highn(%) Lown(%)  OR 95% Cl aOR 95% Cl
(n=71)
Pb
Low 17 (48.6) 18 (51.4) 1 Reference 1 Reference
High 17 (50.0) 17 (50.0) 0944  0.367,2.428 0.892  0.330, 2.409
Hs
Low 19 (51.4) 18 (48.6) 1 Reference 1 Reference
High 15 (46.9) 17 (53.1) 1.196 0.464,3.085 1.176 0.439, 3.153
Cd
Low 18(51.4) 17 (48.6) 1 Reference 1 Reference
High 16 (47.1) 18 (52.9) 1.191 0.463,3.064 1.088  0.406,2.910
As
Low 17 (47.2) 19 (52.8) 1 Reference 1 Reference
High 17 (51.5) 16 (48.5) 0.842 0.327,2.168 0.779 0.290, 2.087

Low exposed groups (< median), High exposed groups (= median)

Adjusted for Age (years), BMI (ke/m?), Secondhand smoke exposure (Yes/ No), Regular aerobic

exercise (Yes/ No)

OR = Crude Odd Ratio

aOR = Adjusted Odd Ratio
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4.6 Effect of maternal blood heavy metals on pregnancy outcomes
4.6.1 Association between maternal blood heavy metals in first trimester and
blood pressures in third trimester

Flow of the participants related to pregnancy outcomes including BP levels in

third trimester was shown the figure 18.

1** trimester 3" trimester Delivery
n=119 n =103 n=72
Questionnaires = 119 Questionnaires = 103 Birth outcomes
Blood samples = 119 Blood samples = 72 from delivery
BP from ANC records BP from ANC records records = 72
=119 =103

Figure 18 Flow of the participants related to BP assessment in third trimester
Assessment of BP was done in first and third trimesters. Diagnosis of PE was
done in third trimester SBP/DBP >140/90 (mmHg). Table 19 shows the linear
regression models examining the associations between blood heavy metal
concentrations in first trimester and SBP (mmHg) in third trimester. Test of normality
was performed and it was found that there was a normal distribution. Thus, the
linear regression analyses was performed for continuous variables. The potential
confounders including age (years), BMI in early pregnancy (kg/m?), monthly family
income (THB) were adjusted in the models. There were no significant associations
between SBP (mmHg) in third trimester and first trimester Pb, Hg, Cd or As in either

regression models.
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Table 19 Linear regressions for blood heavy metals in first trimester (independent)

and SBP in third trimester (dependent)

Heavy SBP in 3" trimester (mmHg)

metals Unadjusted Adjusted

(n = 103) B p- 95% Cl B p- 95% Cl
value value

Pb 1.126 0.451 -1.838, 4.090 0.962 0488  -1.792,3.717

Hg 0.776 0.936 -6.680, 8.232 2079 0555 -4.915,9.073

Cd 4.829 0.181 -2.293,11.950 3953 0.243  -2.745,10.652

As -16.549 0374 -53.415,20.317  -8843 0.613  -43.575, 25.889

Adjusted for age (years), BMI in early pregnancy (kg/m?), monthly family income (THB)

Table 20 shows the linear regression models examining the associations
between blood heavy metal concentrations in first trimester and DBP (mmHg) in third
trimester. The potential confounders including age (years), BMI in early pregnancy
(kg/m?), monthly family income (THB) were adjusted in the models. There were no
significant associations between DBP (mmHg) in third trimester and first trimester-Pb,

Hg, Cd or As of in either regression models.

Table 20 Linear regressions for blood heavy metals in first trimester (independent)

and DBP in third trimester (dependent)

Heavy DBP in 3" trimester (mmHg)

metals Unadjusted Adjusted

(n= 103) B p- 95% C| B p- 95% C|
value value

Pb 2.181  0.097  -0.407,4.769 2.095 0.098 -0.397,4.586

Hg 2381 0474  -4.210,8.971 339  0.293 -3.003, 9.795

Cd 1.453  0.652  -4.936, 7.841 0.832 0.791 -5.392, 7.055

As -9.545 0.564  -42.348, 23.258 -4.094  0.799 -36.098, 27.910

Adjusted for age (years), BMI in early pregnancy (kg/m?), monthly family income (THB)
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4.6.2 Association between maternal blood heavy metals in third trimester and

blood pressures in third trimester
Flow of the participants related to pregnancy outcomes including BP levels in

third trimester was shown the figure 19.

1% trimester 3" trimester Delivery
n =119 n =103 n=72
Questionnaires = 119 Questionnaires = 103 Birth outcomes
Blood samples = 119 Blood samples = 72 from delivery
BP from ANC records = 119 BP from ANC records = 103 records = 72

Figure 19 Flow of the participants related to BP assessment in third trimester

Table 21 shows the linear regression models examining the associations
between blood heavy metal concentrations in third trimester and SBP (mmHg) in
third trimester. The potential confounders including age (years), BMI in early
pregnancy (kg/m?), monthly family income (THB) were adjusted in the models. There
were no significant associations between SBP (mmHg) in third trimester and Pb, Hg,
Cd or As of in either regression models.
Table 21 Linear regressions for blood heavy metals in third trimester (independent)

and SBP in third trimester (dependent)

Heavy SBP in 3 trimester (mmHg)

metals Unadjusted Adjusted

(n=72) B p- 95% Cl B p- 95% Cl
value value

Pb 1.564 0.337  -1.662,4.790 1.523 0.321 -1.521, 4.568

Hg -0.512 0.511 -2.057, 1.033 -0.349 0.637  -1.821,1.122

Cd -4.582 0.290 -13.153,3.989 -1.849 0.658  -10.151, 6.454

As -13.869  0.165 -33.590,5.852  -10.377 0.266  -28.837,8.084

Adjusted for age (years), BMI in early pregnancy (kg/m?), monthly family income (THB)
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Table 22 shows the linear regression models examining the associations
between blood heavy metal concentrations in third trimester and DBP (mmHg) in
third trimester. The potential confounders including age (years), BMI in early
pregnancy (kg/m?), monthly family income (THB) were adjusted in the models. In
adjusted models, there was a significant association between DBP (mmHg) in third
trimester and blood Pb concentrations in third trimester. About 2.766 (mmHg) DBP in
third trimester will be higher in every one unit increase of blood Pb concentrations in
third trimester. There were no significant associations between DBP (mmHg) in third

trimester and Pb, Hg, Cd or As of in either regression models.

Table 22 Linear regressions for blood heavy metals in third trimester (independent)

and DBP in third trimester (dependent)

Heavy DBP in 3" trimester (mmHg)

metals Unadjusted Adjusted

(n=72) B p- 95% Cl § p- 95% Cl
value value

Pb 2.742 0.055 -0.063, 5.547 2.766 0.048* 0.026, 5.506

Hg 0.001 0.999 -1.373, 1.376 0.118 0.863 -1.238, 1.474

Cd -6.661 0.081 -14.157,0.836 -5.040 0.187 -12.591, 2.511

As -11.758  0.185 -29.269, 5.753 -9.355 0.276 -26.347, 7.637

Adjusted for age (years), BMI in early pregnancy (kg/m?), monthly family income (THB)
* = p-value < 0.05
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4.6.3 Association between blood heavy metals in first and third trimester and

gestational age at delivery

Flow of the participants related to birth outcomes at delivery was shown in

the following figure 20.

1% trimester

n=119

3 trimester

n =103

Delivery

n=72

Questionnaires = 119
Blood samples = 119
BP from ANC records
=119

Questionnaires = 103
Blood samples = 72

BP from ANC records
=103

v

Birth outcomes
from delivery

records = 72

Figure 20 Flow of the participants related to birth outcomes at delivery

Birth outcomes of gestational age (weeks) at delivery were assessed from

delivery records of the hospital. Table 23 shows the linear regression models

examining the associations between blood heavy metal concentrations in first

trimester and gestational age at delivery. The potential confounders including age

(years), BMI in early pregnancy (kg/m?), monthly family income (THB) were adjusted in

the models. In adjusted models, there was a positively significant association

between gestational age (weeks) at delivery and blood As concentrations in first

trimester. There were no significant associations between gestational age at delivery

and first trimester-Pb, Hg or Cd in either regression models.
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Table 23 Linear regressions for blood heavy metals in first trimester (independent)

and gestational age at delivery (dependent)

Heavy Gestational age (weeks)

metals Unadjusted Adjusted

(n=72) B p-value 95% Cl B p-value 95% Cl
Pb -0.051 0.731 -0.345, 0.243  -0.008 0.957 -0.287, 0.272
Hg 0.121 0.744 -0.616, 0.858  0.139 0.697 -0.569, 0.849
Cd -0.423 0.236 -1.130, 0.283  -0.243 0.480 -0.924, 0.439
As 4.606 0.011*  1.107, 8.105 4.167 0.016* 0.801, 7.534

Adjusted for age (years), BMI in early pregnancy (kg/m?), monthly family income (THB)

Table 24 shows the linear regression models examining the associations
between blood heavy metal concentrations in third trimester and gestational age at
delivery. The potential confounders including age (years), BMI in early pregnancy
(kg/m?), monthly family income (THB) were adjusted in the models. There were no
significant associations between gestational age at delivery and third trimester-Pb, Hg,

Cd or As in either regression models.

Table 24 Linear regressions for blood heavy metals in third trimester (independent)

and gestational age at delivery (dependent)

Heavy Gestational age (weeks)

metals Unadjusted Adjusted

(n=72) B p-value 95% C| B p-value 95% C|
Pb 0.114 0.482 -0.207,0.434  0.116 0.455 -0.192, 0.425
Hg -0.055 0.476 -0.208, 0.098  -0.108 0.144 -0.255, 0.038
Cd 0.473 0.270 -0.374,1.320  0.303 0.473 -0.534, 1.140
As 1.369 0.166 -0.582,3.320 1.082 0.251 -0.783, 2.946

Adjusted for age (years), BMI in early pregnancy (kg/m?), monthly family income (THB)
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4.6.4 Association between blood heavy metals in first and third trimester and birth
weight of newborn at delivery

Birth outcomes on the weight (kg) of newborn at delivery were assessed from
delivery records of the hospital. Table 25 shows the linear regression models
examining the associations between blood heavy metal concentrations in first
trimester and birth weight of newborn (kg) at delivery. The potential confounders
including age (years), BMI in early pregnancy (kg/m?), monthly family income (THB)
were adjusted in the models. There were no significant associations between birth
weight of newborn (kg) at delivery and first trimester-Pb, Hg, Cd or As in either

regression models.

Table 25 Linear regressions for blood heavy metals in first trimester (independent)

and birth weight of newborn at delivery (dependent)

Heavy Birth weight (kg)

metals Unadjusted Adjusted

(n=72) B p-value 95% Cl B p-value 95% C|
Pb -0.002 0971 -0.096, 0.092  -0.002 0.960 -0.098, 0.093
Hg -0.063  0.597 -0.298, 0.173  -0.035 0.776 -0.276, 0.207
Cd -0.031  0.789 -0.259, 0.197  -0.038 0.748 -0.270, 0.195
As 0.454 0.441 -0.714,1.622  0.598 0.319 -0.591, 1.787

Adjusted for age (years), BMI in early pregnancy (kg/m?), monthly family income (THB)

Table 26 shows the linear regression models examining the associations
between blood heavy metal concentrations in third trimester and birth weight (kg) of
newborn at delivery. The potential confounders including age (years), BMI in early
pregnancy (kg/m?), monthly family income (THB) were adjusted in the models. There
were no significant associations between birth weight of newborn at delivery and

third trimester-Pb, Hg, Cd or As in either regression models.
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Table 26 Linear regressions for blood heavy metals in third trimester (independent)

and birth weight of newborn at delivery (dependent)

Heavy Birth weight (kg)

metals Unadjusted Adjusted

(n=72) p p-value 95% Cl p p-value 95% Cl
Pb 0.027 0.607 -0.076, 0.129  0.033 0.538 -0.073, 0.138
Hg 0.003 0.916 -0.046, 0.052  0.004 0.868 -0.046, 0.055
Cd 0.020 0.884 -0.253,0.293  0.073 0.613 -0.213, 0.358
As -0.221 0.488 -0.851, 0.410 -0.177 0.584 -0.817, 0.464

Adjusted for age (years), BMI in early pregnancy (kg/m?), monthly family income (THB)
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CHAPTER V
DISCUSSIONS

5.1 General characteristics of pregnant Myanmar migrants in Thailand

In this study, there were a total of 119 participants recruited in the first
trimester and 72 participants in the third trimester. The general characteristics of
those participants in the first trimester and third trimester were found as no
significant differences. It was found that most of the characteristics of Myanmar
migrants in this study were similar to the previous findings. The average age was 28
years old and it was within the less risky range of maternal age to carry the
pregnancy (Gossett, Nayak, Bhatt, & Bailey, 2013). Regarding the ethnicity in this
cohort, it was found that most of Myanmar migrants visited to the ANC clinic were
Burmese, Karen, Mon and Dewi. Among them, about 50% pregnant women were
Burmese. It is consistent to the previous report which has mentioned that the most
common ethnic groups of Myanmar migrants in Thailand were Burmese (44.1%)
(Chantavanich & Vungsiriphisal, 2012). About one-third of participants have reported
that they had finished the secondary school leveled education in Myanmar. More
than 80% of them have occupation during their first ANC visit and even in the third
trimester visit. Among those who have reported as working in pregnancy, over 90%
were general workers from the industrial sectors and others were from the
agriculture and domestic works. It was found that the average duration of stay in the
study area was 5 years. Most of them have reported that they worked in the same
factory (or) industry throughout their stays in the study area. This finding may be
supportive for their potential to continuous exposure towards environmental heavy
metals. It was noted that an average BMI in early pregnancy was 23.64 + 3.78 (kg/m?)
in first trimester (n= 119) and 23.73 + 3.93 (kg/m?) at delivery (n= 72). According to
the Asian BMI cut-offs, underweight is (BMI<18.5 kg/m?), overweight is (23.0-27.4
ke/m?), and obesity is (>27.5 kg/m?). The additional trigger points of Asian population
BMI for public health action were identified as 23 kg/m? or higher, representing
increased risk (WHO Expert Consultation, 2014). Therefore, pregnant women in this

study can be assumed as at risk of overweight implications.
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More than half of pregnant women reported that they have been pregnant
(i.e., parity 1) and the majority were second pregnancy. Regarding health history and
health behaviors, a few of them (about 5%) have a history of hypertension before
pregnancy. The potential exposure towards heavy metals was assessed in terms of
residential proximity towards the risky places such as factories, agricultural farms and
construction sites. About 70% of participants have stayed near to the factories.
Because maternal residential proximity to the industrial complexes have been
studied in several population, it can be assumed that pregnant women in this study
were at risk of exposure to heavy metals pollution. Previous studies also found that
residential proximity to the industries was associated with increased risk of adverse
pregnancy outcomes (Sarov et al,, 2008) and LBW (Bhopal, Tate, Foy, Moffatt, &
Phillimore, 1999).
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52 Maternal blood biomarkers

For biomarker assessment, blood heavy metal concentrations were measured
by using ICP-MS and plasma BDNF by ELISA kits. Both the first and third trimester
BDNF concentrations in our study were much lower than those found in a previous
study on Peruvian pregnant women (N. Yang et al.,, 2017). Although previous studies
have examined broader populations of pregnant women, only Myanmar migrants
with similar characteristics were focused in this study. Therefore, the difference BDNF
levels could be due to genetic, racial, and/or physical lifestyle variations. Thus, more
studies focusing on the other races and lifestyles and providing detailed comparisons
among individuals of differing racial backgrounds and lifestyles are needed.

Maternal blood heavy metals (Pb, Hg, Cd, As) concentrations were examined
two times (first and third trimester). In comparing to the previous findings, the
median concentrations of Pb and Hg were lower than the CDC standard levels. But
Pb concentrations in a few of them were higher than the CDC references (NIOSH.,
2015). The median levels Cd were above the standard levels for the US general
population (CDC., 2012) (ATSDR., 2012). The median As concentration was higher than
that found in Canadian women (S. E. Adrienne et al., 2016) but lower than that found
in Iranian women (Mohsen, Kazuhito, Takehisa, Atsuko, & Katsumi, 2015). Previous
studies were not specific about the characteristics of the participants. In this study, it
was focused on the migrant population, and the unique socio-demographic
characteristics and health behaviors may have contributed to some different levels

of heavy metal concentrations in the early stages of their pregnancies.
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53 Factors affecting maternal blood heavy metals levels

The associations between general characteristic factors and heavy metals
exposure were examined in this study. Having a history of taking Hg-containing
amalgam filling treatment was significantly associated with Hg exposure. This
significant association can be discussed according to the previous knowledge and
findings. The WHO has recommended the dental amalgam fillings as the major
sources of Hg exposure in the general population. Moreover, many studies have
examined the association between the amalgam filling and high Hg exposure. One of
these studies has assessed the exposed Hg levels in the scalp hair and saliva of
Iranian women with amalgam fillings. They demonstrated that the amalgam filling
could be the determinant of Hg exposure and amalgam can cause the increased
absorption of Hg (Fakour, Esmaili-Sari, & Zayeri, 2010). Most of previous studies used
saliva and/or scalp hairs biomarkers and found the significant associations with high
Hg-exposed level for amalgam filling. In this study, whole blood Hg biomarker was
used for Hg exposure and the association between blood Hg levels and the history of
amalgam filling treatment was found among migrants population.

It was also found that having a history of hair coloring within three months
before the first ANC visit was negatively associated with As exposure. Most of
pregnant women who had a history of hair coloring were found in the low As
exposure group. But, there were no associations between hair coloring and Pb and
Cd. There are limited findings between hair coloring and As exposure in the previous
studies. Nowadays, the use of hair dyes has been increased particularly in Asian
countries. The effect of hair coloring and uses of hair dyes on high levels of metals
ions has been demonstrated. They have assessed the hair levels of Pb, Cd and other
trace elements among women with history of hair dyes (Ozbek & Akman, 2016), but

lack of findings related to As.
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5.4 Factors affecting pregnancy outcomes

In this study, the important pregnancy outcomes including SBP and DBP,
gestational age and birth weight at delivery, diagnosis of PE, preterm delivery and
LBW were studied. It was found that BMI in early pregnancy was significantly
associated with PE in third trimester. The average early pregnancy BMI of all PE cases
was about 29 kg/m? which can be identified as overweight. Maternal pre-pregnancy
overweight or obesity was regarded as one of the strongest potentially modifiable
risk factors for PE (Bodnar, Catov, Klebanoff, Ness, & Roberts, 2007). The incidence of
high BMI in early pregnancy has consequently increased in some low and middle-
income countries. And the role of early pregnancy BMI becomes an important
concern for maternal and child health implications (Villamor et al., 2006). Previous
studies in rural India and Pakistan have demonstrated that BMI in early pregnancy
was related to increased risk of hypertensive diseases in pregnancy, preeclampsia
and eclampsia. They have concluded that overweight or high BMI pregnant women
had a significant risk of increased perinatal mortality rate (Short et al,, 2018). Many
studies have reported that obesity was associated with inflammation and oxidative
stress which were proposed to participate in the pathophysiology of preeclampsia
(Roberts & Gammill, 2005) (Bodnar, Ness, Markovic, & Roberts, 2005). Although the
underlying mechanisms of the relationship between BMI and PE are still limited, the
findings in this study may support the existing knowledge.

This study found that Burmese ethnicity was significantly associated with PE
diagnosis in third trimester. About a half of pregnant Myanmar migrants have
reported their ethnicity as Burmese and all of diagnosed PE cases in third trimester
were Burmese women. This finding may be explained by reviewing previous findings
about the relationship between the Myanmar migrants' utilization of Thai health
services and the ethnicity. They have mentioned about the link between the more
health beliefs in spirits and herbal medicine and the less utilization of health
services. They found that those kinds of believes were higher among Karen than
Burmese (Isarabhakdi, 2004). Burmese women may have less herbal concerns about
their high blood pressure and food consumption. Therefore, it can be assumed that

Burmese ethnicity and PE in the third trimester were significantly associated in this
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study. Moreover, previous studies in the UK and Uganda have examined the
significant relationship between black ethnicity and PE (Webster et al., 2018) (Madar-
Shapiro et al,, 2018). They stated that genetic variations for the placentation was
related to the higher risk of PE in the blacks (Nakimuli et al.,, 2014). Others factors
such as social and cultural differences and medical influences might affect our
findings. However, there were no other significant factors related to the diagnosis of
PE in third trimester.

Regarding birth outcomes, the early pregnancy BMI (kg¢/m? and monthly
family income (THB) had statistically significant associations with both preterm birth
and LBW. It was found that most of preterm birth and LBW cases have higher BMI in
early pregnancy and less monthly family income than normal cases. But no
association was found between other socio-economic factors. These findings are
comparable to previous studies and existing knowledge. For example, a study in
China has showed that obese and overweigcht Chinese women diagnosed in early
pregnancy had higher risk of preterm delivery (T. Wang, Zhang, Lu, Xi, & Li, 2011). A
study in Russia has also found a significant association between maternal early
pregnancy BMI and risk of preterm birth (Sharashova, Anda, & Grjibovski, 2014). A
previous Chilean study has demonstrated that there was a statistically significant
association between maternal BMI in early pregnancy and birth weight of the
newborn (Caradeux et al., 2016). It is well known that socio-economic factors
including income, economy and educational level of mothers are associated with
adverse pregnancy outcomes. The higher income was associated with improved birth
outcomes (Burris & Hacker, 2017). A study in the southern Brazil has demonstrated
that economic inequalities resulting from income were related with the risk of
preterm birth (Sadovsky et al., 2018). A study in the US has also pointed out the role
of maternal or family income in the risk of adverse birth outcomes. They found a
significant relationship between poor income and preterm birth, small for gestational

age and LBW (Parker, Schoendorf, & Kiely, 1994).
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55 Effect of maternal blood heavy metal level on BDNF

The associations between maternal blood heavy metals levels and plasma
BDNF levels in first and third trimester of pregnancy were examined in this study. A
statistically significant association was found between blood As levels and plasma
BDNF levels during first trimester of pregnancy. Pregnant women with a high blood As
levels had a 2.6-fold increased risk of low plasma BDNF levels in comparison with
the low blood As group. The present findings are consistent with those of previous in
vitro and in vivo studies although the existing human studies are limited. Prior studies
have found that As can significantly reduce the expression of BDNF. Researchers have
tested low BDNF expression in the carbonic anhydrase 1 (CA1) and dentate gyrus
areas of the dorsal hippocampus by administering tap water containing As to mice
(Sun, Wang, Yu, Yu, & Xiao, 2015). Another study proved that As can reduce
mitochondria membrane potential (MMP) and decrease BDNF gene expression in As-
treated human neuroblastoma SH-SYsY cells (Chou, Lin, Kong, Chen, & Hwang, 2013).
As induces hippocampal neuronal apoptosis via upregulated bone morphogenic
protein 2 (BMP2) and Smad-dependent attenuation of the BDNF TrkB pathway,
resulting in cognitive impairments (Rukmani et al., 2017). Sub-chronic As exposure in
a mouse model of chemically-induced depression has also been found to enhance
depression-related behaviors via the cerebral prefrontal cortex’s BDNF-TrkB signaling
pathway (Chang et al., 2015). Taken together, the above findings confirm that As and
BDNF are significantly associated with each other via neurotoxicity and cognitive
impairment mechanisms.

Regarding the role of As for this study, it can be discussed according to the
significant factors of As in the previous findings. As and its compounds have been
used for many purposes in different settings, such as industrial (e.g., alloy
manufacturing, pigment manufacturing, electronics, and leather preservatives) and
agricultural (e.g., pesticides, herbicides, and insecticides) (IARC., 2012). Consumption
of contaminated drinking water and food are the main routes of As exposure in
humans. Dermal exposure to As is also common. However, specific sources and
routes of exposure was not specified in this study. Previous studies have

demonstrated that As induces multiple disease pathways, and chronic exposure to
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As has diverse effects on the central nervous system (Rodriguez, Jimenez-Capdeville,
& Giordano, 2003). The neurological effects of As are most commonly found in the
hippocampus region of the brain, which plays a major role in carrying environmental
signals (Sweatt, 2004). Via toxicological activity, As exposure first produces functional
alterations in the brain. Second, it alters molecules in the hippocampus, where it
affects BDNF and results in cognitive function changes (Sun et al,, 2015). Even low
exposure to As can induce cognitive dysfunction (Naujokas et al., 2013). One study
demonstrated that As has a direct effect on oxidative stress and on imbalances of
defensive anti-oxidative mechanisms and neurotransmitter metabolism in the
hippocampus (Xi et al, 2010). In addition, perinatal As exposure can result in
developmental neurotoxicity, with abrupt changes in the reactive oxygen species
(ROS), oxidative stress, mitochondrial functions, and apoptosis in the developing
brain (Chandravanshi et al., 2018).

The present findings may be considered as an important concern for the
relationship between As exposure and depression in pregnancy. Studies have found
that chronic low-level As exposure has a positive association with the prevalence of
depression and neurobehavioral symptoms among Indian women of child-bearing
age. A recent cohort study also found an association between low-level As exposure
in pregnancy and postpartum depression symptoms among Chilean women without
any history of depression. The researchers measured As concentrations in urine
samples and used the standard Edinburgh Postpartum Depression Scale to estimate
depressive symptoms (Valdés, Hanchey, Munoz, Baumert, & lglesias, 2017). These
accumulated findings suggested that As exposure in pregnancy plays an important
role in increasing the burden of depression in women. Researchers have also
assessed As exposure levels by analyzing contaminated groundwater samples and
assessed depressive symptoms using a subjective symptoms questionnaire
(Mukherjee, Bindhani, Saha, Sinha, & Ray, 2014). In this study, As exposure was
measured in whole blood and a statistically significant association was found with
BDNF level in first trimester. Therefore, the results of this study appear to support

the existing body of research. However, there were no significant association between
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them in third trimester pregnancy. The depressive symptoms was not assessed in this
study and such an assessment should be considered in future studies.

In this study of migrant pregnant women, no significant association was found
between Pb, Hg, or Cd and BDNF during the first and third trimester. Therefore, these
findings on Pb, Hg, and Cd were inconsistent with those of previous experiments.
Evidence of the effects of other heavy metals (Pb, Hg, Cd) on BDNF has also been
found in previous studies. For example, Pb exposure in rats causes persistent
alteration of BDNF expression, leading to long-term potentiation dysfunction and
impaired neuronal plasticity (Guilarte, Mcglothan, & Nihei, 2000). Cd can compel
downregulation of BDNF in the mechanism of neuronal cell death (Durczok et al,,
2005). In addition to causing individual effects, heavy metals can also cause
neurotoxicity in the hippocampus in a mixed-mode fashion. This mixture exhibits
common effects on BDNF, which intensifies the resulting cognitive dysfunction. In the
hippocampus, there are dynamic interactions between heavy metals and
neurochemicals (e.g., N-methyl-D-aspartate [NMDA], acetylcholine esterase [AchE],
and calcium ions [Ca]). These interactions can cause poor neuronal cell integrity via
downregulation of BDNF and other antioxidants (e.g., catalase and superoxide
dismutase [SOD]). This is followed by an imbalance between the defensive elements
and reactive oxygen species (ROS), which is known as oxidative stress. Oxidative
stress leads to neuronal cell death and ultimately cognitive dysfunction (Hashimoto,
Shimizu, & lyo, 2004) (Gavazzo et al., 2008) (Ceccatelli et al., 2010) (Karri et al., 2016)
(Stackelberg et al., 2013). In addition, a very recent study found that Pb exposure was
negatively associated with serum BDNF concentration among preschool Chinese
children. Although the researchers also assessed other metals, including Hg, they
found no associations between these other metals and BDNF (Zhou et al., 2019). The
inconsistent findings in this study may be explained in such that this is the first
human study to examine the association between heavy metals and BDNF in early

pregnancy. Further studies using larger sample sizes should be conducted.



128

5.6 Effect of maternal blood heavy metal level on pregnancy outcomes

Pregnancy outcomes including preeclampsia, preterm birth and low birth
weight of newborns were assessed in this study. The association between blood
heavy metals in first and third trimester and pregnancy outcomes was examined. A
statistically significant association was found between blood Pb concentrations in
third trimester and DBP in third trimester. These findings are consistent to those of
previous studies although the existing knowledge on the effect of prenatal Pb
exposure on BP of migrant workers are still limited. A prior study in the US has
examined a significant association between low-leveled Pb exposure and the
elevated BP in late pregnancy. They measured umbilical cord Pb levels and assessed
SBP and DBP during admission and delivery. They compared BP measurements
between those in the highest and lowest quartiles of Pb levels. And they found that
a 6.87-mmHg (1.51-12.21 mmHg) of admission SBP and a 4.40-mmHg (0.21-8.59
mmHg) of admission DBP were significantly increased after confounders adjustment
(Wells et al, 2011). The present study assessed the maternal blood Pb
concentrations and BP in first and third trimester. Moreover, it has been
demonstrated that Pb exposure had a significant effect on BP of female Pb-exposed
workers. They have discussed that Pb may induce changes in lipoprotein metabolism
which may be an important role in the mechanism of increased BP among female
workers (Nomiyama et al,, 2002). A study in Pb-polluted region of China has found
that blood Pb levels were significantly associated with increased SBP and DBP among
the adult-aged (20-44 years old) population, most apparently in women (Lu et al,
2015). A positive association between blood Pb level and high BP (SBP, DBP) and high
morbidity of hypertension has also been found among highly Pb-exposed
occupational Chinese population (Han et al, 2018). A previous animal study have
also examined the association between BP exposure and BP in rats. They included
control and experiment groups where the treatment was given with 100 ppm of Pb
in the drinking water. They found that BP of the Pb-treated rats was significantly
elevated from the first week of Pb exposure and remained the same level over a
month (Fioresi et al,, 2014). But there was no significant association between Pb

concentration and SBP in either first or third trimester.
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Role of Pb on BP for this study can be discussed according to the significant
factors of Pb in prior researches. It is well-known that Pb exposure can induce the
multi-organ effect in the human body. Many studies have discussed on the
mechanisms of underlying effect of Pb on BP but it has not been elucidated.
Previous researches have demonstrated that Pb affects directly on the excitability
and contractility of the heart, alters the compliance of vascular smooth muscle
tissue and causes a direct effect on the parts of CNS which are important for the
regulation of BP (Nash et al,, 2003) (Kopp, Barron, & Tow, 1988). A prior study has
mentioned that Pb has an effect on angiotensin Il-induced renal vasoconstriction
which may precede the development of high BP and hypertension (Robles et al.,
2007). Another study has described that hypertension in Pb-exposed cases may be
induced by decreased NO levels and subsequent vasoconstriction rather than
decreased renal blood flow (Dursun, Arifoglu, Ster, & Keskinol, 2005). Some
researchers have indicated that BP changes by Pb was not related to the alteration
of kidney functions (Lu et al., 2015). Therefore, the present findings may support the
existing knowledge, however, further researches will be needed to elucidate the
mechanism of Pb effect on the BP or incidence of hypertension.

Regarding the gestational age, it was assessed from the delivery records and
the association with heavy metals exposure in first and third trimesters was also
examined. A positively significant association was found between blood As
concentrations in first trimester and gestational age of newborn at delivery. But these
findings are inconsistent to the previous researches because they have mentioned
the negatively significant association between these factors. A study in Bangladesh
have examined the effect of prenatal heavy metals exposure on the gestational
length among a high risk population living near the mining sites. They collected
maternal and umbilical cord blood samples at delivery to examine the levels of
heavy metals exposure. They found that increased maternal blood As concentration
was significantly associated with decreased gestational length (Claus et al., 2016). A
strong negative causal relationship between prenatal As exposure and gestational age
has also been reported in a prospective cohort. They performed analyses of

gestational age in continuous variables and suggested that their results might be
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useful to use in the clinical definition of preterm birth, i.e., < 37 weeks gestation (Kile
et al,, 2016). They assessed As exposure from personal drinking water at enrollment
and toenails samples in postpartum. This study assessed As exposure in maternal
whole blood during first and third trimester. Therefore, different population and
different exposure levels may impact the inconsistent findings with previous studies.
In this study, there were no significant associations between Pb, Hg or Cd and
birth outcomes although previous epidemiological studies have found the significant
associations between Pb, Hg or Cd and birth outcomes. A study in Mexico has
examined the relationship of maternal plasma Pb levels in each trimester and the
gestational length. They found that the length of gestation was adversely impacted
by prenatal Pb exposure mainly in first trimester of pregnancy. But they estimated
the length of gestation by the date of recalled last menstrual period (LMP) which
might be weakness (Cantonwine et al., 2010). In this study, the gestational age of the
newborn was estimated using both date of LMP and ultrasound. Significant
associations between prenatal Pb exposure and preterm birth have been examined
in many populations, e.g., Chinese population (Li et al, 2017) and Massachusetts
population (Perkins et al.,, 2014). A study in Shoshone country of Idaho has found
that maternal exposure to airborne Pb emissions was significantly associated with
LBW or birth weight (Berkowitz, Price-Green, Bove, & Kaye, 2006). Effect of prenatal
Hg exposure on the gestational age has also been reported in a Philippine study.
They assessed the levels of Hg exposure in maternal blood, breast milk, umbilical
cord blood, infant's hair and meconium. And they found a significant relationship
between cord blood Hg levels and gestational age (Ramirez, Cruz, Pagulayan, Ostrea,
& Dalisay, 2000). A cohort study in China has found that each in-unit increase in
urinary Cd concentration (ug/g creatinine) was significantly associated with decreased
gestational age and increased likelihood of preterm birth. They estimated the
gestational age using both the woman's LMP and ultrasound findings (J. Yang et al,,
2016). A study in Japan has reported that the gestational age was significantly
correlated with maternal urinary Cd concentrations (Nishijo et al., 2002). A positive
association between maternal blood Cd levels and risk of preterm birth has been

shown on Japanese population (Tsuji et al., 2018). In addition, it was also found that
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elevated placental Cd levels were significantly related with a reduced birth weight
and LBW newborns (Freire et al., 2019).

Despite many inconsistent findings, this study was consistent to some existing
studies which have found no significant association between these factors. A recent
study in Turkey has reported that there were no significant associations between Pb,
Hg, Cd concentrations in maternal blood, urine or amniotic fluid and the incidence of
preterm birth (Yildinrm et al., 2019). A retrospective cohort in the US has found that
there were no statistically significant differences in gestational age or birth weight
between occupationally Pb-exposed and control groups (Lin, Hwang, Marshall, &
Marion, 1998). There were some studies which have reported no significant
associations between maternal Hg exposure and adverse birth outcomes. For
example, a Chinese birth cohort did not find the significant associations between
maternal exposure to Hg and birth weight and other anthropometric measurements
(Ding et al, 2013). A study in UK has found that moderate blood Hg levels in
pregnancy were not associated with birth weight or on the odds of preterm birth or
LBW (C.M. Taylor, J. Golding, & A.M. Emond, 2016). A prospective study in the US
has also observed no association between prenatal Hg exposure and either preterm
birth or LBW (Bashore et al.,, 2014). Researchers examined whether the treatment of
Hg containing dental fillings in pregnancy increased the risk of LBW. They found no

significant associations between these factors (Hujoel et al., 2005).
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

To identify the association between maternal blood heavy metals level and
BDNF among Myanmar migrants, concentrations of blood heavy metals (Pb, Hg, Cd,
As) and plasma BDNF were collected two times across the pregnancy and measured
using standard tools. Binary logistic regressions were used and potential confounding
variables such as age, BMI in early pregnancy, history of secondhand smoke exposure
and regular exercise were adjusted. About 62% of women in high As-exposed group
had low BDNF levels and only 37.9% of women in low As-exposed group had low
BDNF levels. The results indicate that plasma BDNF was associated with whole blood
As levels during early pregnancy among Myanmar migrants in Thailand. Pregnant
women in high As-exposed group were 2.603 risk of low BDNF level than those in
low exposed group during first trimester. But no association was found between Pb,

Hg, or Cd and plasma BDNF in this population.
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Figure 21 Association between maternal blood heavy metal level and BDNF
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To identify the associations between maternal blood heavy metals level and
pregnancy outcomes among Myanmar migrants, blood heavy metals concentrations
were measured two times across the pregnancy using standard measurement tools.
Pregnancy outcomes were reviewed from the clinical records of the hospital. Linear
regression models were used by adjusting potential confounding factors such as age,
BMI in early pregnancy and monthly family income. The results indicate that DBP
(mmHg) in third trimester was higher in every unit of increased third trimester blood
Pb concentrations. Moreover, the present findings demonstrate that gestational age
(weeks) was associated with first trimester As levels. But no association was found

between Hg, or Cd and pregnancy outcomes in this population.

T | oPb
O SBP: 3" trimester
E i
%0 i Hg DBP: 3 trimester
L cd Gestational age (weeks)
(0]
£
%, As Birth weight (kg)

Figure 22 Association between maternal blood heavy metal level and pregnancy
outcomes

To find the factors related to exposed heavy metals levels among Myanmar
migrants, the associations between general characteristics of pregnant Myanmar
migrants and each heavy metals were examined. History of taking amalgam filling
treatment was associated with higher blood Hg levels in early pregnancy. About 75%
of pregnant having history of taking amalgam filling treatment had high Hg-exposed
levels and only 44.9% of women without any filling treatment had low Hg-exposed
levels. In addition, history of hair coloring or hair dyes was inversely associated with

lower blood As levels in early pregnancy. Only 33.3% of pregnant women with a
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history of hair coloring (or) hair dyes during the present pregnancy had high blood As
levels and 66.7% of them had low blood As levels in first trimester.

To find the risk factors affecting pregnancy outcomes among Myanmar
migrants, it was examined the associations between general characteristics of
pregnancy and the interested pregnancy outcomes including SBP/DBP for
preeclampsia, gestational age at birth for preterm birth and birth weight of newborn
at delivery. There were 4 cases of preeclampsia: SBP/DBP> 140/90 (mmHg), 9 cases
of preterm birth: gestational age <37 weeks at delivery and 3 cases of LBW: birth
weight of newborn <2500¢g (or) 2.5ke. This study demonstrates that preeclampsia in
third trimester was significantly associated with high BMI in early pregnancy and
Burmese ethnicity. The average early pregnancy BMI of preeclampsia pregnant
women: 28.87 + 5.60 (kg/m? was significantly higher than that of pregnant women
with no preeclampsia: 2339 + 3.70 (k¢/m?). Al of pregnant women with
preeclampsia are Burmese.

The results present that both preterm birth and low birth weight were

significantly associated with high BMI in early pregnancy and low monthly family

I+

income. The average early pregnancy BMI of women given preterm birth: 27.50

I+

4.22 (kg/m?) was significantly higher than that of women given term birth: 23.20
3.62 (kg/m?). Also the average early pregnancy BMI of low birth weight cases: 29.17 +
5.75 (kg/m?) was significantly higher than that of normal birth weight cases: 23.50 +
3.72 (kg/m?). Regarding monthly family income, the average income of preterm birth
cases: 11400.00 + 3004.62 (THB) was significantly lower than that of term birth cases:
16100.00 + 5229.19 (THB). Also the average income of low birth weight cases:
9666.67 + 577.35 (THB) was significantly lower than that of normal birth weight cases:
15800.00 + 5189.36. The findings conclude that Burmese ethnic, pregnant Myanmar
migrants with poor socio-economic status had more risk of adverse pregnancy

outcomes.
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To assess maternal blood heavy metals and BDNF concentrations among
Myanmar migrants, whole blood heavy metals concentration (Pb, Hg, Cd, As) were
measured two times: first and third trimester and plasma BDNF concentrations two
times: first and third trimester. Standard measurement tools were used for laboratory
analysis and all concentrations have been detectable. The concentrations were
mentioned in mean (+ Standard deviation [SD]), and median (Interquartile Range
[IQR]) as follows.

1) Pb (ng/L)

30.66 (+ 14.90), 27.40 (13.80) in first trimester

21.96 (£ 9.82), 19.90 (11.40) in third trimester
2) Hg (ng/L)

7.04 (£ 4.17), 0.62 (0.56) in first trimester

5.42 (+ 20.57), 2.60 (2.00) in third trimester
3) Cd (pg/L)

0.90 (+ 0.48), 0.91 (0.85) in first trimester

1.02 (+ 0.36), 1.06 (0.46) in third trimester
a) As (ug/L)

4.13 (+ 0.84), 4.00 (1.10) in first trimester

3.87 (£ 1.59), 3.40 (1.40) in third trimester
5) BDNF (pg/L)

57.89 (+ 21.20), 64.60 (15.60) in first trimester

25.86 (+ 20.37), 18.27 (23.40) in third trimester
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Benefits and strength

This is the first Myanmar migrant birth cohort measuring exposed heavy
metals levels and pregnancy outcomes.

This is the first study measuring BDNF concentrations among migrant
population. The findings will be introduced to the role of BDNF in pregnancy
mental health among Myanmar migrants.

This is the first study on the association between heavy metals and BDNF
across the pregnancy among migrant population.

A total of four outcomes including BDNF, preeclampsia, preterm birth and
low birth weight could be studied.

The significant association between maternal blood As levels and plasma
BDNF during early pregnancy was first demonstrated. The association might
be supportive for the environmental and occupational preventive measures
on As exposure during pregnancy.

The association between blood Pb concentration and systolic BP might be
supportive for the environmental and occupational preventive measures on

Pb exposure during pregnancy.
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Limitations

There are some limitations of this study that might have affected the results.
The small sample size of Myanmar migrants with similar socio-demographic
characteristics limits the generalizability of the study results to other
populations.

Total loss to follow up rate of this study is 39.49% which might affect the
findings.

Our study did not consider the genetic variations within the participant
population that could affect metal absorption and distribution.

The sources of heavy metal exposure were also unspecified in our study,
which should be considered in the future.

We used a self-report questionnaire to measure the health related behaviors
which is another weakness of our study.

We measured BDNF using ELISA kits that can detect both mature BDNF and its
precursor, proBDNF, under specificity of antibody. Thus, we were not able to
differentiate between these 2 BDNF expressions in this study. Concerning the
differential diagnostic properties of BDNF expression, the authors of a
previous study have suggested that mature BDNF is associated with
depressive disorder, and proBDNF s associated with bipolar disorder
(Hashimoto, 2015) (Yoshida et al.,, 2012). In future studies, it would be
better to use advanced ELSIA kits that can differentiate between mature

BDNF and proBDNF.
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Recommendations

Future large-scale birth cohorts are recommended to confirm our findings.
Further researches will be needed to study the concentrations of BDNF during
the postpartum and among the offspring to estimate the effects of maternal
risks on the fetus.

Prenatal As exposure should be concerned for decreased BDNF levels and
pregnancy mental health consequences throughout the pregnancy.

Prenatal Pb exposure should be also concerned for high BP in third trimester,
preeclampsia and other consequences.

The sources of As and Pb exposures and their routes of contamination should
be evaluated in the future studies.

Health education for the awareness on the prevention of As and Pb
exposures should be introduced to the migrants and local residents.

The health authority and local government should concern for policy
implementation of Pb and As exposure among Myanmar migrants as well as
general population living proximity to the industrial plant. Public health
interventions to address both exposure conditions and associated risk factors

should be promoted to improve the health of the Myanmar migrants.
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Appendix D: Test Validity of the Questionnaires
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Effect of maternal blood heavy metal level on Brain-derived neurotrophic factor

(BDNF) and pregnancy outcomes among Myanmar migrants in Samut Sakhon

Province, Thailand

Researcher

Ye Htet Zaw, MBBS, MMed Sc (Environmental Health)

Doctorate student, Public Health Program, College of Public Health Sciences,

Chulalongkorn University

Objectives

General: to identify the association between maternal blood heavy metal level

and maternal serum BDNF level and pregnancy outcomes among Myanmar

migrants in Samut Sakhon Province, Thailand

Specific: 1) to describe the risk factors affecting pregnancy outcomes among

Myanmar migrants in Samut Sakhon Province, Thailand 2) to assess maternal

blood heavy metals and maternal serum BDNF among Myanmar migrants in

Samut Sakhon Province, Thailand

Questionnaires consisted of three parts:

1) Baseline self-administered questionnaires (socio demographic characteristics,
health history and health behaviors, environmental factors related to heavy
metals exposure)

2) Second trimester-self-administered questionnaires (health behavioral changes,
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3) Third trimester-self-administered questionnaires (health behavioral changes,
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** The ltem-Objective Congruence Index (I0OC) was analyzed for questionnaires'
content validity testing by the following experts:
1) Expert of Obstetrics and Gynecology:
Dr. May Thu Htun, MBBS, MMed Sc
Senior Assistant Surgeon, Obstetrics and Gynecology Specialist
Organization: Central Women Hospital, Yangon, Myanmar
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Appendix E: Questionnaires (English)

Self-reported questionnaire for first trimester (baseline)

This research is about "Effect of maternal blood heavy metal level on brain-
derived neurotrophic factor and pregnancy outcomes among Myanmar migrants in
Samut Sakhon Province, Thailand". For this part of interview you are asked to answer
the following questions on the interview from yourself. Please answer the questions
by placing an "X" mark over the box next to the response that you have chosen. The
questions in this part of interview contain those dealing with your socio-
demographics, health history, health behaviors and environmental factors that are
possible to expose heavy metals. As with any part of interview, you are free to
choose not to participate, or if you choose to participate you can skip any question
that you do not wish to answer. Your responses are confidential as neither your

name, address nor any other identifier will be attached to any of your responses.

Socio-demographics

1) How old are you? (years)
2) What is your ethnicity?
|:| 1. Burmese

2. Karen

[] Others (Please specify)
3) What is your marital status?

|:| 1. Married: official married

|:| 2. Single

|:| 3. Separated/ Divorced

[] 4. Stay together without married (not married but living together with partner)
[]

5. Windowed



4) What is your highest education?
|:| 1. Can read and write

|:| 2. Primary school

|:| 3. Secondary school

1] 4. High school and above

6) Do you have any current occupation?

|:| 1. Yes

If 'Yes", which one of the following sectors you work related to?
|:| 1. Industry

2. Construction

3. Domestic work

4. Fishery and fishery products factory

5. Agriculture

Hinna

6. Others (Please specify)

7) What is your average monthly family income (THB/month)

8) How long did you stay in Samut Sakhon? (years)
Health history and health behaviors

9) Have you ever been pregnant?

|:| 1. Yes
|:| 2. No

10) How many child (ren) have you given birth to?

11) Have you ever suffer any gynecological problems such as abnormal

menstruations, mass in the uterus or ovary?

|:| 1. Yes
|:| 2. No

If "Yes", please specify when what ?

12) Do you have past history of hypertension?

l:' 1. Yes
|:| 2. No
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13) Do you have family history of hypertension?

|:| 1. Yes

|:| 2. No

14) Do you have family history of depression?
|:| 1. Yes

|:| 2. No

15) Have you ever smoke?

|:| 1. Current

|:| 2. Not current

|:| 3. Never

16) Did you contact secondhand smoke exposure during the present pregnancy?

|:| 1. Yes

|:| 2. No

17) Have you ever drink?
|:| 1. Current

|:| 2. Not current
|:| 3. Never
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18) Have you ever go to apply coloring your hair during this pregnancy (or) 3 months

before?

|:| 1. Yes
|:| 2. No

19) Have you ever receive amalgam filling treatment during this pregnancy (or) 3

months before?

|:| 1. Yes
|:| 2. No
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20) Have you ever take walking exercise (at least 20 minutes per day) during the

present pregnancy?

0 UL

1. Yes

2. No

If "Yes", how often do you go to do?
1. Daily

2. Not daily

21) How many frequency do you have seafood during the present pregnancy?

Hnns

1. Less than once a week
2. Once a week
3. 2-3 times per week

4. >3 times per week

Environmental factors

22) Is your house/ room located within 1 km to the factory?

[ 1]
[ 1]

1. Yes

2. No

If "Yes", please choose the type of factory (ies). (You can chose more than
one answer)

1. Alloy production factory

2. Battery manufacturing factory

3. Ceramic manufacturing factory

. Electronics manufacturing factory

. Glass manufacturing factory

. Insecticides/ pesticides manufacturing factory
. Metal pipe production factory

. Paints production factory

O 0O ~N o U A~

. Paper manufacturing factory
10. Pigments manufacturing factory
11. Plastics manufacturing factory

12. Textile printing factory

Joooooooooood

13. Others (Please specify)
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23) Is your house/ room located within 1 km to the followings? (You can choose
more than one answer)

|:| 1. Construction site

[ ] 2. Farm using insecticides/ pesticides

1] 3. Solid waste combustion site
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Self-reported questionnaire for second trimester

For this part of interview you are asked to answer the following questions on
the interview from yourself. Please answer the questions by placing an "X" mark over
the box next to the response that you have chosen. The questions in this part of
interview contain those dealing with your health behavioral changes, occupation and
residential changes. As with any part of interview, you are free to choose not to
participate, or if you choose to participate you can skip any question that you do not
wish to answer. Your responses are confidential as neither your name, address nor

any other identifier will be attached to any of your responses.

1) Have you ever go to take walking exercise (at least 20 minutes per day) during

this trimester?

|:| 1. Yes
L1 2no

If "Yes", how often do you ¢o to do that?

|:| 1. Daily
|:| 2. Not daily

2) How many frequency do you have seafood during this trimester?
|:| 1. Less than once a week

|:| 2. Once a week

|:| 3. 2-3 times per week

|:| 4. >3 times per week

3) Do you still have occupation in this trimester?

|:| 1. Yes
|:| 2. No

If "Yes", did you change to another occupational sector?

|:| 1. Yes
|:| 2. No
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If "Yes", which one of the following sectors you current occupation is related to?

14
1 2
1 s
14

Industry
Construction
Domestic work

Fishery and fishery product factory

[] 5. Agriculture

1

Others (Please specify)

4) Have you move your house/ room during this trimester?

|:| 1. Yes
|:| 2. No

If "Yes", is your house/ room located within 1 km to the followings? (You can

choose more than one answer)

nougubdbgobonon

1.

2
3
il
5.
6
7
8
9

Alloy production factory

. Battery manufacturing factory
. Ceramic manufacturing factory

. Electronics manufacturing factory

Glass manufacturing factory

. Insecticides/ pesticides manufacturing factory
. Metal pipe production factory

. Paints production factory

. Paper manufacturing factory

10. Pigments manufacturing factory

11. Plastics manufacturing factory

12. Textile printing factory

13. Construction site

14. Farm using insecticides/ pesticides

15. Solid waste combustion sites



174

Self-reported questionnaire for third trimester

For this part of interview you are asked to answer the following questions on
the interview from yourself. Please answer the questions by placing an "X" mark over
the box next to the response that you have chosen. The questions in this part of
interview contain those dealing with your health related behavioral changes,
occupation and residential changes. As with any part of interview, you are free to
choose not to participate, or if you choose to participate you can skip any question
that you do not wish to answer. Your responses are confidential as neither your

name, address nor any other identifier will be attached to any of your responses.

1) Have you ever go to take walking exercise (at least 20 minutes per day) during

this trimester?

|:| 1. Yes
L1 2no

If "Yes", how often do you ¢o to do that?

|:| 1. Daily
|:| 2. Not daily

2) How many frequency do you have seafood during this trimester?
|:| 1. Less than once a week

|:| 2. Once a week

|:| 3. 2-3 times per week

|:| 4. >3 times per week

3) Do you still have occupation in this trimester?

|:| 1. Yes
|:| 2. No

If "Yes", did you change to another occupational sector?

|:| 1. Yes
|:| 2. No



175

If "Yes", which one of the following sectors you current occupation is related to?

14
1 2
1 s
14

Industry
Construction
Domestic work

Fishery and fishery product factory

[] 5. Agriculture

1

Others (Please specify)

4) Have you move your house/ room during this trimester?

|:| 1. Yes
|:| 2. No

If "Yes", is your house/ room located within 1 km to the followings? (You can

choose more than one answer)

nougubdbgobonon

1.

2
3
il
5.
6
7
8
9

Alloy production factory

. Battery manufacturing factory
. Ceramic manufacturing factory

. Electronics manufacturing factory

Glass manufacturing factory

. Insecticides/ pesticides manufacturing factory
. Metal pipe production factory

. Paints production factory

. Paper manufacturing factory

10. Pigments manufacturing factory

11. Plastics manufacturing factory

12. Textile printing factory

13. Construction site

14. Farm using insecticides/ pesticides

15. Solid waste combustion sites
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Appendix F: Participant Information Sheet (English)

Title of research project Effect of maternal blood heavy metal level on Brain-derived

Neurotrophic Factor and pregnancy outcomes among Myanmar migrants in Samut

Sakhon Province, Thailand

Principle researcher’s name Ye Htet Zaw Position PhD student, Public Health

Program, College of Public Health Sciences, Chulalongkorn University

Office address College of Public Health Sciences, Chulalongkorn University

Home address (Current address in Thailand) CUihouse 268 Soi Chulalongkorn 9,
Charasmuang road, Wangmai, Pathumwan, Bangkok 10330, Thailand

Cell phone 0924747033 E-mail: yehtet.roman@gmail.com

1) You are being invited to take part in a research project. Before you
decide to participate it is important for you to understand why the
research is being done and what it will involve. Please take time to read
the following information carefully and do not hesitate to ask if anything
is unclear or if you would like more information.

2) This research project involves the study of association between maternal
blood heavy metals level and Brain-derived neurotrophic factor (BDNF)
and pregnancy outcomes among Myanmar migrants in Samut Sakhon
Province, Thailand. In this study, heavy metal means lead, mercury,
cadmium and arsenic. The general objective is to identify the effect of
maternal blood heavy metal level on BDNF and pregnancy outcomes
among Myanmar migrants in Samut Sakhon Province, Thailand.

3) Details of participant
X8 Characteristics including inclusion and exclusion criteria.
Participants will be registered Myanmar migrants with pregnancy
Inclusion criteria
1) Those who visited ANC clinic of the hospital within first trimester

gestation
2) Those who stayed in the study area at least three months before

3) Those who aged between 18 to 35 years
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4) Those who planned to deliver the baby at the study hospital
5) Those who could read, write and communicate in Myanmar language
6) Those who were willing to participate
Exclusion criteria
1) Those who is multiparous with more than five parity
2) Those who has less than one year inter-pregnancy interval
3) Those who is confirmed as multiple pregnancy by ultrasound
4) Those who has past history of PE, preterm birth, LBW and depression
X This study needs totally 124 participants.
Procedure upon participants
% Research procedure will be provided by the principle researcher. Self-
reported questionnaires will be collected by the trained research
assistant. Blood collection will be provided by the trained nurse. Blood
analysis will be provided by the laboratory technician.
*%*  The duration of the study: the participants will participate in the study
until delivery of baby.

< The operation programs: it will be operated a total 4 times.

(1) First trimester (baseline)

(1.1)  Principle researcher will select the participants by screening list.
Participants' information sheet will be provided and informed consent will be
asked to all selected participants. It will take about 15 minutes to complete
self-reported questionnaires.

(1.2)  the nurse will collect one teaspoonful whole blood of the
participants by single-used needle and syringe into two sterile tubes. (Blood
samples will be destroyed after the end of research)

(2) Second trimester

(2.1)  During second trimester ANC visit, the research assistant will identify
the participants and distribute the questionnaires. It will take about 5 minutes

to complete questionnaires.
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(3) Third trimester
(3.1)  During third trimester ANC visit, the research assistant will identify the
participants and distribute the questionnaires. It will take about 5 minutes to
complete questionnaires.
(3.2)  The nurse will collect one teaspoonful whole blood of the
participants by single-used needle and syringe into two sterile tubes. (Blood
samples will be destroyed after the end of research)
(4) Delivery

The nurse of the delivery room will collect the information on birth
outcomes from the post-delivery note of the participants.
Process of providing information which also be stated in the proposal.
5.1 The principle researcher will provide information to potential
participants through meeting and coordinate with the management team of
the hospital.
52 AWl potential participants can read, write and communicate in
Myanmar language.
53 If the process of screening potential participant found a person not
meet the inclusion criteria and in need of help/ advice or any problems in
any period of pregnancy, the principle researcher will give health education
on pregnancy care and refer to the related specialist doctor in the Krathum
Baen hospital for check-up and further advanced treatment as soon as
possible.

In screening process: to approach potential participant, the antenatal care

clinic of the Krathum Baen Hospital provide routine antenatal care services to

Myanmar migrants. All pregnant women come to the clinic have to do registration

both at the first visit and every visit. This study will use the information from the

antenatal care clinic registration at the beginning of the screening process with the

permission to access and participant's consent.
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7. Use of clinical record

This study will involve clinical records (1. antenatal care card to get
information of routine ultrasound (abdomen and pelvis) findings, systolic and
diastolic blood pressure, 2. post-delivery records to get information of birth
outcomes). Permission to access the clinical records will be asked from the hospital.
Patient's consent to access the clinical records will be obtained.
8. Risk management

If the participants have miscarriage or any other obstetric problems during the
study period, they will be referred to the specialist and excluded from the study.
9. Your participation in this study is completely voluntary and there is no
compensation for participation. However, the researcher will give snacks and drinks
to you as appreciation for your participation. You will be received health education
about exposure to heavy metals by the researcher after the study.
10. The results of the study will be very beneficial to improve environmental
health, pregnancy health, and migrant health.
11. Participation to the study is voluntary and participants has the right to deny
and/ or withdraw from the study at any time, no need to give any reason, and there
will be no bad impact upon that participant.
12. If you have any question or would like to obtain more information, the
principle researcher can be reached at all time. If the researcher has new information
regarding benefit or risk/harm, participants will be informed as soon as possible. This
practice will provide an opportunity for participants to decide whether to stay/ not
stay with the project.
Principle researcher's name: Ye Htet Zaw
Position: A doctorate degree student, Public Health Program, College of Public Health
Sciences,  Chulalongkorn  University,  Mobile:  +66 924747033  E-mail:

yehtet.roman@gmail.com

13. Information directly related to you will be kept in confidential. Results of the
study will be reported as total picture. Any information which could be able to

identify you will not appear in the report.


mailto:yehtet.roman@gmail.com
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14. There will be no compensation for participation.

15. If researcher does not perform upon participants as indicated in the
information, the participants can report the incident to the Research Ethics Review
Committee for Research Involving Human Research Participants, Health Sciences
Group, Chulalongkorn University (RECCU). Chamchuri 1 Bldg., 2™ FL,, 254 Phyathai Rd.,
Patumwan district, Bangkok 10330, Thailand, Tel/Fax. 0-2218-3202 E-mail:

eccu@chula.ac.th.
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Appendix G: Informed Consent Form (English)

Address
Date

Code number of participant

| who have signed here below agree to participate in this research project
Title “Effects of maternal blood heavy metal level on Brain-derived neurotrophic
factor and pregnancy outcomes among Myanmar migrants in Samut Sakhon Province,
Thailand”
Principle researcher’s name Ye Htet Zaw
Contact address CUihouse, 268, Soi Chulalongkorn 9, Charasmaung Road,
Pathumwan, Wangmai, Bangkok 10330, Thailand
Telephone + 66 92474 7033

| have (read or been informed) about rationale and objective(s) of the project,
what | will be engaged with in details, risk/harm and benefit of this project. The
researcher has explained to me and | clearly understand with satisfaction.

I willingly agree to participate in this project and consent the researcher to
response to questionnaires three times during each antenatal care visit, to give blood
samples two times (one teaspoonful of blood during first visit and one teaspoonful
of blood during third visit). After the project, personal data of blood samples will be
destroyed.

| have the right to withdraw from this research project at any time as | wish
with no need to give any reason. This withdrawal will not have any negative impact
upon me.

Researcher has guaranteed that procedure(s) acted upon me would be
exactly the same as indicated in the information. Any of my personal information will
be kept confidential. Results of the study will be reported as total picture. Any of
personal information which could be able to identify me will not appear in the

report.
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If I am not treated as indicated in the information sheet, | can report to the
Research Ethics Review Committee for Research Involving Human Research
Participants, Health Sciences Group, Chulalongkorn University (RECCU). Chamchuri 1
Bldg., 2" FL, 254 Phyathai Rd., Patumwan district, Bangkok 10330, Thailand, Tel./Fax.

0-2218-3202 E-mail: eccu@chula.ac.th.

| also have received a copy of information sheet and informed consent form

Sign Sign
( ) ( )

Researcher Participant

Sign

Witness


mailto:eccu@chula.acth
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Appendix H: Questionnaires (Myanmar)
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Appendix I: Participant Information sheet (Myanmar)
ageoaoa§og&5]oéoglop:l C\I>L§oe.p:s'ago‘5 mmé:mqo%mmo%mcgo
e 0§691C05
7 ? S0P
OCOOCo C c coO C° C OCo o °C (o) (o cCO _ ¢ o
WDC35CCI 0QOI0H3GCE eg]oe@oc,@q?eo%ccm.eﬂo.g DWW oc?eeooceeceag,
50 doecolofooermel  gané e@o& @°e e 3600008 Es s
O (-] OJ_ (-] _Il_ ﬂ o° |-° qﬂ s (-] ﬂ -] J re
O C _¢C cCO _ ¢ C° o C o T C C o]
W05E30ICOICOY$5EICHAOTEETIEO! W OISEPAIY M ECRAIDEIVEMD VS
0 D$631E6507E 3000
? ? : 2
N C (o
NleelealElce
CcC O c
QLOION0%
C

N c C C C
Of]Q(IBUgoC\g§G(D’DCoCD’JoI Eig&ie(DJ§°Q’Jqu9’anoE}ll @ IL° J§ Q’)Gq CDOG(D’DC\)OI

C c Q _C
QL”[C\)’)GC\D’JCO’)§§CDO’)CDQDII
o o L

(oge] cC ocC
C\)O’)aG§GlOC\JO®’)

CUihouse J@@l qucoocoé:agcf) el aJspalfelécoézl o&%& OOTEO&I o$em'305|

OO??OI G% % Cl QO (To) %8%()(]0% +@@@ JC;?C; ?O?QI S%ZGQSC\C)

L L

yehtet.roman@agmail.com

1088 co ¢ co T3 9 f.c.c
ol 0605661088, 0ED Merre:dades] Clovddi Glocd esd [ggoosc
(o] (o (o] Qo (o o (o cC O
:)')’Je@oc WEMWVHT sle@om PO F05c00loC e feds(oEiad
L L (o) o d L


mailto:yehtet.roman@gmail.com

196

@ozs’aqcﬁeoo
[e]

C

[o]

opp]l §939C\)é0’3’)§1(\)\|0| 2]

°
o

C
sQOC

Q¢

g e
o)

C
:o']n SO

C

o _C
OQO'D(DO')(OO')GO
L L

d

C
sCI

o ‘32’)39§O()f]
Le

eez@gr.

o
@ﬁO\EGO')OD§O’)’D (IB

(o

C

C

Cc O

Q)OODQJCCDJCCDE

JII

[P34Beee:
O’)S’BGOT

(¢}

ge[oeomoo méle
d L

Q)OE.QJ-GC\DSOWO

ONL
“3

o))

eoeq:qco:cse

°
°

c

C

cCO

O%G&)’DC@SCO’)J§

c
QO

Q-

°
°

o

C
826000 0D32060

$9°

L

82060020

o

o
o

C N C
eoooc:o?qcos

°

L

o

O’g%O’)’DO’)GO’)’D

C

Q’JG&TS&IC\)GG

[of

GED’)SO')J§

o Cc ¢
RS

o)

S]C\)

/Q0
9

O

e

C
[§C8I MO Of]

o
°

(¢]

°

GOOGCOGY

9,

oo

O

€

O

(‘DGC\DSGO'.]

53,

[§C

QLLE0EY

C

§€l°GOJU)ODJ61églOSQJ(DmGO’)

IL

N

C
f]O)OJII OLEGO’)OO

@(DO

C

o Cc ¢ co ¢ N ’] C
O?ODO§G€O’)C@8C8388(ID QDO(%,GCD:O OC(JQ[OG’)QD(Y)

(@]

O)S’BGOT

39’)86136‘1(\)88

Cc

QQ(SO’DKW

[e}

°

$

°
°

C
C

(o]
O SJO’)

o
°

C
826COOND32060

[3r40Gres

F20 éJe

o
°

C

[

C

®O’JS?8J(T)S?C\)O’J@J’)

o

loSopsoreprah
020 OC@@O&QJ’)S@ 3260

d

¥

L

060020

i)ll

g
(@R

¢, 9
9§00? avs)

o
°

C

FIRE (R

C
c0OCe

8@’)8618

c

GSO’)(C)(T)J§

c ¢
ODO§

Ome

@60’]@&%

o
°

C

[oge]
G&)’JCQ@C@J’J

o Cc ¢
@8 (T)OJO?
L L

o
o

t{e o)

C

s 0C
o

C
00D 610

C

030:99@



197

C

C

OCOD@ S?QJO’)QJ’)

C

°
°

Eq$oa0))

Slo

c0:

C C C
o=l pleal=lSE

co

o
O§G&)’)CQQCG®’)

9 C
O’EOO

[gooop

C

cooeepoo

°
°

C

8200C
(¢]

/(e

c
G e

c0

(J)

L

C
o

C
(oplep]l G[g’)O)

C C
(opleplep]| Gq:

(o]
o0
L

c
@?@’DU)’DO\)’DOO’)’D:

()
(©)

(58] O']O

d

¥

L

060020

o
o

C

C

C

@OCCD@S’BQJO’)@J’D

°
°

Eq§ 9203

Of] O

0
iL

°
o

OO’JS@

@')

C
320000 G(g

°

C N\

(DGQ):SG(DD(D§

(°)

20
iL

o
o

Q
SJ‘lGOO

C

D0 O§0O

d

]

oo

G

@lCD’)

(%

8’30’)8

o Cc ¢ "] c cmc
G’B@D(TJODO§O’) (2] CD@§@C
L L 1 °

"]C ocC
o OOeQOcO CQJ§

O

Or]O’)OSII

@J’)S

o
°

op2sed

C C
G[OO
O
C
c30DCN

§G&)’JC

L

060020

C;II

§GQO’DC%1

L

060020

°
°

C
C

§GQ’]

L

060020

?S’B(TI%CT)

L

°

L

o

pl=iepleosi=iepsRuevi~{epleV)

o



198

SSleddi

QL)
L

e g

C C
ogldio;

§(D’DQ)

(o

ool O?GO’)OD

60

L

opogée [g

8(5]905”

OPI ©)

(o C ,] C
Q @lc\goo SIov]]

553

QJTD(T)GGISGQDSS

°
°

C
cOX) OBOBGO{]C

c O
R

Q

§‘3’3®8’3

L

2060020

C

C
ce

C

[oge]

o
O§G€D’)C@SCG®’)

9 C
O’EOO

C

Q

(o

ocC C C
ODQKWO’(%CE][C\B(MQ@ OCOQS?O)S’B(DB

8

C

C\)’)GSTDO’)

¥

L

060020

Ho.
1

c
GGD:@§

QJTJO%GSIS

C

°

co ¢
63DDVCICCOOCEe

0%

C C
OCI@OCS’?@J

°
°

G 9203

QQOOO0O0DC 392

°

(e]

°
°

C

C
G30DCOOD C\").§’D®’DS]C

°
°

c3le

C

C

G’BSJO’DG’BQJ(D(D’J%]

N
o

COD

889’388613

°
°

C
sQOC

Q¢

$OO00S,

Cc

g
J‘?O’)GO’)? 03 @(?(DGC\J’)

03I
L

’D:Of]@(lgll

Mwo

o [03pClB6edbI

C

o

"] C ooc¢C
eIl G@

@(DO

c
(O]
[¢]

d C°
6039956

o
o

'] °

00O 0039

o

8§€|€§’)9’3’)

e
[¢]

03923

°
o
o

L

°
°

(specmo0ef

C "] C
(I)@O eIl

/@0



199

c 02

C C C
C‘,:G%O’)Gq:

co

o
O§GSO’)CQQCG®')

9 C
('IEOO

s

C C C
of=Splepl=lH=Fo ek

co
§G&)’)CQQCG®’)

c

L

(¢]

C
OO0

(o 0)

C o

OOO@C\)’)GST)(D

OOoC
Bgoeon o-

C
GOGO:(){]QOOII G@

°

>ax [olg

C
@§®GC\)’DO’)CD’D

o

C

o Cc ¢
O’)OOO?OD
L

C C ¢ o
C;G&JTD(DGGFG&)SS?SO?O

C

[oge]

(o
O§G€D’)C@SCG¢D’)

9 C
O’EOO

Q-

(o co ¢ C C . )\ Co
?GSO’DC@QCG@’)QG%TDO’)GG}G&%S@o

L

o

C
OO0

(5 0)

C o

OOO@C\)’DGGTDO’)

Ypoeor -

o
D
L

crco _C c c "] C
GOOSJ’DGS’B’JC[Q?‘D‘DO@: G@:g§2€08 @§°GOGOSO@ G@

C "] QC C
[3o[gSoladgedbi

C

C
@?OGQJ’)(TJOD’J

o]

op20ep

N

©CC02:0)

Ol

o
o

"] °

00O 009

o

(9]
o
L

o
o

8082§ﬁ§’38’3’3303

03923

°
o
o

L

°
°

(99202205

C "] C
OO@O ool

/(00

[Brizog¢ [Giepde

o
o

o O

MGQO:60: 0D

(5)

o
°

C C N
0000000 MGEQOcY

G@S(D’JS@[@
O O 114

o
°

§0@m’3 Me

C
RCR

C
@O’%@

4

Z@%

o

MO



200

G@«;O’)C°®O’)G(\)°G(§| J%@O’S O’)GC\)ZG@Z@’)Z@[O’)J$SQ’DGSFQC\)§GO')O% @OSOD’):
OO0 1 o L 4

C C
emoooueo’]eoon
C C C cC C Q C
9l ovleplericziolloplczlavlopttlsk o?m@q?eo,ogooe@ 320320D
9e O wemwsesléicantorn s eﬂ eJloeq 300 & oé%é:m’) Sloéa

SoJ Of]OgngO%QSO$G&)’)8903(D’) %8’)3}’3&)’3@0’)’380’% (DO%O’)O%I GSISO’)O%I

Ce)

C o Cc ¢ co ¢ 9 9 ° C
30 ’\D ODGO’)OD§O’)’JC\)O’)GCDJ’DO’) o0 O?OJO?G&D’JC@QCO’)B: HHep ) SQC‘DJFOC
C N o C 9 o o C Q
8’39JO’)GO’8§° @O?O’)@O’)’JI E}ODD§’JO’)9L9L§10’)’JI 89@&')(10890"289@
° Q C C N C "]C C
O’)‘DO’)GTD QL320002060) @(DQJ’JSGOO’J OOGO’)OD?GQ Cie0DCo
L L ¢} ° L ]

Q__ G N __ ¢ JeINllg co o ¢ c, .29
QEG’B O’OD(TDL]§o@’JGS‘loGSOo®®€fGOgC\e LSQ(TEC\)@ 9G8§o0') GSO°S|16J1
c oc . C . 0ce N C o oo S RS SoneS
ODCO@iCGPS?ORJ)?&GTJO§OO 30 J§ CBGET)C°GO"08’)°9OC08° @(DO (oplov]l
c .. C 9 ¢ AN
@II Or]OC@gO]%Q{l’)eSQ’)e ®®®GO°9JQ)@C°
Cor S s 0 ¢ ¢ cQ
QOZOD§°O’J@G&)°6JI O?OJO§G&)’)C@8 OOJ§ @’)GSl G(D’.)CGSPCO@[G&LQ? 0
c.me Q Q ¢ c ¢, . C c . o &
GaoG@OCoB§@OGdg(TB (TE O§G&)’JC(DJ§°@’JGG}G®’)(}G§TJCT)QJQ|-QJ’)° GOoC\)J(T)

Gl(ﬂO’)ODII G&)«Q? OD(\)’)@O’\) C‘f% O%G&)’) 89CQJOSODO O(I)@&BSS’B@QS@’) G@OZ&]@%
L L 1 L

°

C ComnCo (B, . N 0¢C oc, Q, C . .s 0O
%?’)8@@@@’)610‘,&80061@0 e;omoo @ @O?S?@J?UBC&JQ’)C\)Q‘, O?OD‘DQ)GSO&JQ[@OT%(&



201

o
°

f]c c
OOC@@%@J')

°
°

C
C

onEY$ M
¢ 1$9°93

L

060020

C
QoI

@qo’]oo

N

(Vo)

el

DA

s205:(q|

°
o

C

cOODC

00Oe
(0o

IL

O’)C\)§’D®’DG]ESGO’O)O’OE

c
S e

c0

)23l

N

C
SQJQD

it

Slonodi

C
00O

C o
eoy)c:ae}o@

°
°

a3:(9[8S

SQJ’)S

C

C
SGJ)O’)O’)Q

c0

?II

q

C
GCDSGOf]C
o

[¢]

C
c32000620:

[¢]

SQ)GOTGCDSI

C

emcf:espoocﬂ

cCO c

O?GSO’)CGS(%O’)J?SQ’)GS}S

Q9 ¢ ¢
O?(D

°

q

Q c oc¢C Q
&)38’3?@&3C?9’3@[§8’3@§80’80®

D

oo

()
o

X

M6

3§
8.

Q
[=]epieV)
o

C

(7)J§8@’)Gq:q€\)8

SO']@QSII

C
s 600DC

&

[glayed03co

Co Q0O _ C O S T
§aooooo?cogo GO)’)C.,QBQCD)’).,O eVl

0]

Sfaogepoo@p

I

O

oo
Ome

UN)ol

20

O

G6cnd

oll

OgOJ(YSO’)JO)’)

o C
oD O?OJ

°
°

C
[¢]

§(TJ’JQ)8’B

L

060020

e

C

N

OQO096200 6D

C

[

. C . S o N c, c__Q Q, RS
NN 0POSAD %@§8(30C}88@’)Co[§039’)[§®&)(\3 WMEWHEPR  DTDO)

9
L

-

IL

C
[epleV]]

&0l

oly

°
°

S’b§’)3€0



202

@II @ﬁO?GO')OD§%) @é%oﬁ)k#:@')Gq:%OgO% 8’30’8\”86(7)\'2%2@{"32

N

C N\ C C o C C OC OCo C
oacoqoﬁfzeo']c:or]ocelgg?o O?GO’)OD§(J9616J1CD’DQOQQCDGGOO)OD’D CI?CS?CCO'O)Cg

r80

csaBED 6g.6[oE:[g§ ergpeq o $ieneeg 0Sosea00E8aCmy§renes

o O C [¢] C C C C
O?O?SO)OOG(D({)O (9’)308’)9’38&)’)(7)99(‘?@@8@@’) (]e)(eplen]]l

(N c _C (o)
OO)O§:(7{|CO{|§:@DGQ:OB <

°

C

"| co C ocC "‘l C "] C C
OOl QEGO’)CD§GJ§’DOOC(&O’) OD(;CDGO’)’D&)%G’BO?CSOD’D @@OO)OJII OloCo

C° C o Q N ocC o C cocC Q
80803’3 %G@’)C{g@JO’)GO&D&T)QC\EU) QEGO)Q)?O’)G? SQSKWQGao ?O’)C(OD(D?CCDC\E

C C

o] '] N Q 00 COC "]
OO’)ODII 89’3080’) 20C 8260 O’)’)Q 0C0 ? % Olll

C c C C
$050g0>8¢0pd: § :

C c C C Q _¢C C "]C C
Ol ODCG@:@?SSJCO’)’)I OC)O@SOOSJCO’)’DJC\)JC QEGO’)OO?GS Cie300CMN

° °

ocC C C N C C N (9] o
S’BQJ $o6¢c aCS[gGOS O']CDOJII 8’30’)03@ GCDOD§§ (Olepiovieplen) &EO’)J'_ G(T)’DCoO’)JI_

C C C o] cC o ¢ C C (9] ocCceo Q
GO’)S’BG@’JC: Q)O’)CZS?Q)O)GO)QCU’DGOJ&DS}CC\)&S Ol0CDcOOD 8?8J§@ 8220603
o] (o L L 6L

"] \ Q "] '] C C C "]O "]O ° C
08’389’30 I $23329 (JQ’) OOCQBGO&UD’J O?GU)Q)?O)GC\)J’)(Y) DO (fol 00 Ll?o 8?2@0’)
ocC C "] C
%C?’)@@O [opleN]]

"]C C
QBGO’)QI?GQ Cec30D0C

C C N
SlOOCOGG’DI 016“208

/

c C C (o
Q2$emPCioon [Geoo oy $eenepmRa(y)

@é |°CD&|§ @’)Gq OOOG(T)’)CDOI QJMC\)’DGCD’) %O’) QO?C\CDII <f$:$<ﬂo% +@@@ J(}?

Goo ppi ghee:cd Yehtet.roman @gmail.com

c9oc <, c c Q c
OJII ODC;O?OJGGPQDO’DC‘,GQQJCDGQC\J(TJGO’&(TE (Dc?(DO’D(DJ Q?J 808 ec0s

"| N (9] (o ’]C C ’] cc C
Q022020 61CD’DO’)61CDSG O’)C\)@ @OO’) S OGO CSG@O@O&’)S@’JO Il ODC@‘DG DC3
071 s L ° L o 1

Q0 N C C C C "]
ODGlG(D@ 82900 32C00D O’)@LO’)GC\)QJQ G(D’)@QJQ’D@O?O’)O O’IESII

1 °


mailto:yehtet.roman@gmail.com

203

O?II S”BCDQSGj O?GO’)OD:?GQWE%G&)OEO’)’D ODO’)EZS”BQJO%%C\)O%@’)CEOO"] S’BQJOS

ocC C c o C c Qo N ﬂ
(oplcrlesler QGSO’DCQO’)O’LQDC\)JCI 9\”[(0’36(\)’300’)@ H{eploplovIay) (DJ§2@’DG 2 200320 Gl
(¢] L o o L (¢] [¢)

0

o C Cc Oo¢C C N\ o c C Cc O
Ol_CD@J’TS?GOT ODGO’)OD%@[@CQ JCOO)SOCGP 0000320 GO SJ(DSJCSODO)CQ’O
| LO ° L L o L

0o
N
(@)
—

@ogor]oo CII 8°O’)O’SS’B&)®% &30%0305 CC\%(S(D’D@’) SE)S & 8’3880’)0%89
% Rl GeE900%93 S N 72 2°R9

°

3
On

o C C QC, Co C C c C QC OCo
(eplov]eelé]! G’BQJ)O) (JSC;)I OST)C?C&\)G:.QI OO’)QRO@I O?GO’)’DO’) OO??OI CIBC.,%CCII

~Q

ofm%cg%m Yo} o']oo 0 J Jomp Jo | F:60:05 eccu@chula ac.th

3



mailto:eccu@chula.ac.th

Appendix J: Informed Consent Form (Myanmar)
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