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Chapter 1

Introduction

Arsenic is a metalloid with properties intermediate between a metal and a non-metal, and it is
ubiquitously present in nature. Drinking water contamination with arsenic usually happens as a
result of naturally occurring arsenic leaching into groundwater. Arsenic in drinking water is
primarily present in inorganic form in the state of pentavalent arsenate (AsV) and trivalent
arsenite (AsIII) (1). Arsenic contamination in well-water was first well known in Taiwan in the
early 1960s (2). Millions of people across the globe are chronically exposed to arsenic
concentration above the World Health Organization (WHO) guideline standard of 10ug/L (3)
and this elevated level of arsenic has been detected in groundwater in nearly 70 countries in
different regions around the world (4). Substantial exposure to arsenic in drinking water has been
reported in many countries, including Argentina (5), India (6), Bangladesh (7), Chile (8, 9),
China (10, 11), Taiwan (12, 13), Mexico (14), Vietnam (15, 16), and the USA (17-19).

Arsenic contamination of drinking water in Bangladesh is the unfortunate result of a successful
programme of providing safe water to combat water-borne diseases like cholera and typhoid. In
the 1970s, the United Nations Children’s Fund (UNICEF) working with the Department of
Public Health Engineering in Bangladesh drilled thousands of shallow tube wells to supply safe
drinking water. Water from these wells is free from bacterial pathogens and was considered safe
until the discovery of elevated levels of arsenic in well water in 1993 (20). However, the
magnitude of the arsenic contamination in Bangladesh was highlighted nationally and
internationally after the international conference on arsenic held in February 1998 in Dhaka (21).
The British Geological Survey found that 27% of tested tubewells were contaminated with
arsenic concentration above the country’s limit of 50pug/l and nearly half of the wells exceeded
the World Health Organization (WHO) standard of 10 ug/L. An estimated 35 million and 57
million people were exposed to arsenic via drinking water above the concentrations of 50ug/L
and 10ug/L, respectively (22). Arsenic contamination in ground water in Bangladesh has been
reported as the largest poisoning of a population in history (23). In 2002-03, the International
Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) conducted a population based

survey on 166,934 residents aged 5 years and above in rural Bangladesh, Matlab and water



from all 13,286 functional tubewells in that area were tested for arsenic concentrations. Over
60% of tubewells were found to be contaminated above the country’s drinking water standard of

50 pg/l (24).

Metabolism of Arsenic in drinking water

Arsenic metabolism occurs through a series of methylation and reduction reactions. Methylation
is considered the primary metabolic pathway of inorganic arsenic (iAs) in humans (25, 26). Once
ingested, pentavalent arsenate is reduced to trivalent arsenite. Arsenite then undergoes an
oxidative methylation forming monomethylarsonic acid (MMAv), which is reduced to
monomethylarsonous acid (MMAIIl). MMAIII is then methylated to dimethylarsinic acid
(DMAV), which is reduced to dimethylarsinous acid (DMAIII).

Methylation of inorganic arsenic was considered to be a detoxification process (27) but the
process is not complete in human. About one fourth of iAs remains unmethylated regardless of
the exposure level (28). Recent evidence suggests the presence of intermediate reduced forms of
the methylated metabolites, MMAIII and DMAIII in human urine (29-31). These trivalent
intermediates especially MMALIII is more reactive and more carcinogenic (32, 33). However,
MMALIII is highly unstable and rapidly oxidized to MMAYV in urine, and is therefore extremely
difficult to measure in field studies (34).

Urine is the primary route for elimination of inorganic arsenicals in human and almost all
ingested arsenic is excreted through the urine. That’s why the relative distribution of arsenic
metabolites in urine is commonly used as a biomarker of arsenic methylation capacity (35).

Typically, ingested i1As is excreted as 10-20% 1As, 10-15% MMA, and 60-75% DMA (28).

Early life arsenic exposure and health effects

Studies have shown that both inorganic arsenic and its intermediate toxic methylated metabolites
can readily pass through the placenta and pregnant women exposed to arsenic via drinking water
showed similar concentrations in the fetus as in the mother (36, 37). A study in Bangladesh has
shown strong relationships between maternal and cord blood total arsenic As (r = 0.93, p <

0.0001). Cord blood arsenic metabolites (n = 30) were also significantly correlated with mother



blood arsenic: in dimethylarsinate (DMA) (r = 0.94, p < 0.0001), monomethylarsonate (r =0.80,
p < 0.0001), arsenite (r = 0.80, p < 0.0001), and arsenate (r = 0.89, p <0.0001) (38). A study in
Argentina suggested that children are more sensitive to As-induced toxicity than adults, as the
methylated metabolites bind less to tissue constituents than inorganic As (39). A study has
reported changes in arsenic metabolism throughout the pregnancy, might have deleterious effects

on the developing fetus (40).

Evidence suggests that arsenic excretes in breast milk insignificantly. A study in Bangladesh has
found low arsenic concentration in breast-milk (median, 1pg/kg; range, 0.25-19 pg/kg), in

mothers exposed to high arsenic exposures via drinking water (10-1,100 pug/L in urine) (41, 42).

Early life exposure to arsenic has been linked to several and diverse health effects like adverse
reproductive and birth outcomes, increased morbidity and mortality in childhood and
development of non communicable diseases in adults including respiratory, cardiovascular,

metabolic and kidney diseases, and various cancers (43-45).

Pregnancy Outcomes, Birth Weight and Infant Mortality
Exposure to arsenic in the critical developmental period in utero and early life has been
implicated with negative reproductive outcomes, increased risk of morbidity and mortality in the

neonatal period and during infancy (46-48).

Another study in Bangladesh also reported increased risk for spontaneous abortion and stillbirth
for the women chronically exposed to arsenic concentrations of greater than >50 pg/L . The odds
ratios for spontaneous abortion and stillbirth were OR=2.5; 95% CI=1.5-4.3) and 2.5 (95% CI
=1.3-4.9) respectively (49).

Exposure to high concentrations of arsenic during pregnancy has been associated with increased
risk of stillbirths. After adjustment for potential confounders, women exposed to arsenic
concentration > 200 ng/L during pregnancy had a 6-fold increased risk of stillbirth (Odds Ratio
(OR) =6.07, 95% confidence interval (CI): 1.54, 24.0; p=0.01) (50).



A number of studies have reported on birth weight in relation to arsenic in drinking water. An
ecological study in Chile reported a decline in average birth weight of 57 gms with an exposure

level of less than 50 pg/L) (51).

A recent population-based prospective study involving 1,578 mother—infant pairs in rural
Bangladesh reported an inverse association between prenatal arsenic exposure measured in urine
and birth weight. In the range of maternal urinary arsenic concentrations below100 pg/L; birth

weight reduced 1.68 gm for each 1 pg/L increase of arsenic in urine (52).

Excess infant mortality has been linked to prenatal exposure to arsenic in drinking water (50,
52). A study in Bangladesh reported increased risk of mortality in infants exposed to arsenic in
early life. Infant death elevated with increasing arsenic exposure: the hazard ratio was 5.0 (95%
CI = 1.4-18) in the highest quintile of maternal urinary arsenic concentrations (268-2019 ug /L;
median = 390 pg/L), compared with the lowest quintile (<38 pg /L) (46).

Exposure to arsenic in early life and respiratory effect in children and adults

Two studies in Bangladesh have shown that prenatal exposure to arsenic increases the risk of

acute respiratory tract infections in infancy (53, 54).

Several studies in Chile have reported various health consequences of early life arsenic exposure.
Cohorts exposed to a very high concentration of arsenic (>800 png/L) during in utero or early
childhood have shown increased risk of respiratory mortality (43, 55). A study in Antofagasta,
Chile found an association between early life exposure and increased risks of death from
bronchiectasis. Subjects born just before the high-exposure period (1958-1970) and thus exposed
during early childhood had a 12-fold increase in mortality (standardized mortality ratio [SMR] =
12.4; 95% confidence interval (CI) = 3.3-31.7), and the mortality rate was 46 times higher
among those born during the peak exposure period (1950-1957) and therefore exposed in utero
and early childhood (SMR= 46.2; 95% CI =21.1-87.7) (45). Early life exposure to high
concentrations of arsenic has also been found to be associated with increased risk of respiratory
symptoms and impairment in lung function. Subjects exposed to more than 800 pg/L in utero
and or early childhood have nearly six-fold increase in breathlessness and around 12% (P=0.04)

decline in FEV1 and FVC compared to the lowest exposure group (<50 pg/L) (56).



Based on the findings of early life arsenic exposure in Antofagasta, Chile, we planned a study in
2007 to investigate the respiratory effects in children 7-17 years exposed to arsenic in prenatal
and early life. Using the 2002-2003 survey databases, we selected a cohort of 300 exposed
children for whose mothers had the highest likely arsenic exposure during pregnancy, and
another cohort of 300 unexposed children whose mothers’ drinking water contained less than
10ug/l in early life. These two cohorts were invited to participate in the study to assess the effect
of early life arsenic exposure on respiratory health including lung function in children. I directed
the field work for this study which included getting lifetime drinking water histories and arsenic
concentrations in the wells they used, detailed respiratory questionnaires, medical examinations,
and measuring lung function. We found increased risk of respiratory symptoms but no significant
decline in lung function (57). The children and adolescents exposed to arsenic water
concentrations of more than 500 pg/L in utero had increased risk of respiratory symptoms,
especially wheezing when not having a cold (OR=8.41, 95% CI: 1.66-42.6), and shortness of
breath when walking fast or climbing (OR=3.19, 95% CI: 1.22-8.32). The full paper is given in
Appendix 7.

Exposure to arsenic in early life and cardiovascular and renal effect in
children and adults

Several studies have suggested that prolonged exposure to arsenic in drinking water increases the
risk of cardiovascular and renal morbidity and mortality in adults (58-63). A few studies have
investigated the effects of early life As exposure on cardiovascular and renal risk longitudinally.
Yuan et al. showed that exposure to arsenic in prenatal and early life was associated with
increased risk of death from acute myocardial infarction among adult males aged 30—49 years

(44).

Hawkesworth et al. reported that children exposed to arsenic in utero showed a mild increase in
blood pressure at the age of 4.5 years. Modest reduction in glomerular filtration rate has been
observed in children aged 4.5 years exposed to arsenic in early life (-33.4 ml/min/1.72 m(2);
95% CI: -70.2, 3.34; P: 0.08) (64).

A set of autopsy reports from Chile suggested a link between prenatal and early life As exposure

and cardiovascular-related diseases in young children (65).

10



A study analyzing mortality data among arsenic exposed children in Matlab, Bangladesh aged 5—
18 years reported an elevated risk of mortality risks of childhood death from cardiovascular

events or cancer (n =22, HR: 2.18, 95% CI: 1.15-4.16) (66).

Increased death from chronic kidney disease has been reported among adults in Antofagasta,
Chile exposed to high arsenic concentration (>800 pg/L) in utero or early childhood. Mortality
was increased 2-fold [SMR=2.0; 95% Confidence Interval (CI): 1.5 to 2.8] in young adults aged
30-59 born before or during the high-exposure period of 1958-1970 (43).

Another study in Chile has reported heightened risk of death from renal cancer [SMR=7.1; 95%
Confidence Interval (CI): 3.1 to 14] among people aged 30-39 years exposed to high

concentration of arsenic in utero and/or early childhood (67).

Rationale

Several studies in Bangladesh and abroad have documented the association between long term
inorganic arsenic exposure and non-malignant illnesses such as chronic respiratory diseases
including decrements in lung function, hypertension and chronic kidney diseases in adults. Some
studies investigated the effects of early life arsenic exposure on respiratory symptoms including
lung function, blood pressure and renal function in early childhood or adults. However, no

studies had looked at the impact of early life exposure in older children and adolescents.

For my PhD thesis, I intended to investigate the effects of early life exposure to arsenic by
following a sub-cohort of 200 children of which half is highly exposed to arsenic (<400 pg/L) in
early childhood.

I selected a sub-cohort of 110 most highly exposed children with an arsenic exposure level
greater than 400ug/L in drinking water used by their mother during pregnancy and their early
childhood. For each exposed child, one sex and age-matched unexposed child was selected who
was not exposed to an arsenic concentration higher than 10pg/L during prenatal period and early
childhood. We selected the highest and lowest exposure group to increase the power of the study.
The objective was to assess respiratory, cardiovascular and renal effects in childhood and

adolescence.
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I was actively involved in all phases of the study; generating ideas, developing the proposal,
seeking funding, obtaining Institutional Review Board (IRB) approval, developing consent forms
and data tools, hiring and training of the field staff, supervising data collection at field level, data
analysis and writing the thesis. I conducted an extensive literature review in which I studied
hundreds of papers before writing the protocol. The study design was developed in collaboration

with the University of California, Berkeley.

Chapter 2 describes the methods and design of the study; chapter 3 highlights the effects of early
life arsenic exposure on the respiratory system; chapter 4 focuses on the association between in
early life arsenic exposure and blood pressure in children and adolescents and chapter 5 concerns
the impact of early life arsenic exposure on kidney function. Chapter 6 presents a brief summary

and conclusion of the overall findings and conclusion.
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Chapter 2

Methods and study design

Overview of Study design

We conducted a prospective study of two sub-cohorts, one with high arsenic exposure in early
life (107 children exposed to >400 ng/L of arsenic in drinking water), and the other with low
exposure in early life (93 children not known to have been exposed in early life to more than 10
ng /L of arsenic). These sub-cohorts of children were originally identified from a total population
survey of 166,934 residents in Matlab which included measurement of arsenic in their tube wells

used for drinking water.

Study Area

The study was conducted in rural Bangladesh in Matlab which is a sub-district about 57 km
southeast of Dhaka, the capital city of Bangladesh. Since 1966, the International Centre for
Diarrheal Disease Research, Bangladesh (icddr,b) has been maintaining an internationally
recognized and unique Health and Demographic Surveillance System (HDSS) in 142 villages in
Matlab, covering a population of over 220,000. Vital events like birth, death, marriage, and in
and out migration, are recorded by household visits every two months. Each inhabitant in Matlab
HDSS area is assigned a permanent registration number and another identification number to
locate his/her current residential location. If someone moves from one place to another inside
Matlab HDSS area, the current identification number is updated accordingly. In case of
outmigration, detailed information including contact phone number is recorded so that he/she
could be located for follow-up. A geographic information system (GIS) is an integrated part of
HDSS, and includes spatial information on households, tube wells, health facilities, and
landscape characteristics. icddr,b has a central health facility and hospital and four sub-centres to

provide health services and to support clinical and public-health research in Matlab.
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Selection of subjects

In 2002-03, icddr,b conducted a population-based survey of 166,934 subjects aged 5 years and
above. Individual lifetime drinking water histories were obtained and all 13,286 functioning
tube-wells, the primary sources of drinking water, were tested for water arsenic concentration.
Tubewell arsenic concentrations ranged from <1 to 3644 pg/l. More than two-thirds of the
tubewells exceeded the World Health Organization (WHO) recommended arsenic limit of
10pg/L, and more than 60% of tubewells contained arsenic above 50 pg/L, the Bangladesh
standard (1).

A total of 52,797 children in Matlab were aged 7-17 years in the year 2008, and had arsenic
measurements in their house drinking water source identified in the survey in 2002-2003. Names
and addresses of children aged 7-17 years were abstracted from the Health and Demographic
Surveillance System (HDSS) records and in prenatal exposure was assessed based on their
mother’s drinking water arsenic concentration during pregnancy. From this information, we
selected a cohort of 300 exposed children for whose mothers had the highest likely arsenic
exposure during pregnancy, and another cohort of 300 unexposed children whose mothers’
drinking water contained less than 10ug/l in early life. These two cohorts were invited to
participate in the original study to assess the effect of early life arsenic exposure on respiratory
health in children (2). The investigation included detailed exposure assessment, identification of

respiratory illnesses and measurement of lung function.
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Flow chart of Study Participants Selection

Survey in 2002-2003 of 166,934
subjects with individual lifetime
drinking water sources and tube well
water arsenic concentration

!

All children aged 7-17 years with
water arsenic level in Matlab HDSS
area in 2008 N=52,797

- N

300 exposed cohort children were 300 unexposed cohort children were
selected based on mother’s drinking identified based on mother’s drinking
water arsenic concentration during water arsenic concentration during
pregnancy starting from the highest pregnancy starting from the lowest
level 1512 pg/L level Opg/L to <10pg/L
Sub-cohort of 110 subjects with the Sub-cohort of 110 subjects with
highest in early life water arsenic lowest in early life water arsenic
concentrations (>400ug/L) were concentrations (<10pg/L) were invited
invited for the current follow up study for the current follow up study
107 subjects gave consent and 93 subjects gave consent and
participated in the study participated in the study

Fig 2: Flow chart showing selection process of study participants
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Using the information of 600 children obtained in our previous study, we selected a sub-cohort
of 110 most highly exposed children with in early life arsenic exposure greater than 400 pg/L.
High exposure experience increases study power to detect new outcomes, and reduces the
likelihood that effects could be due to confounding. For each exposed child, one sex and age-
matched unexposed child was selected who was not exposed to an arsenic concentration higher
than 10pg/L during prenatal period and early childhood. In total, 107 exposed and 93 unexposed
children participated in the study.

In summary, my thesis consists of a prospective follow-up of a sub-cohort of 107 top most
exposed adolescents and a sub-cohort of 93 adolescents with the lowest arsenic exposure in early

life.

Arsenic Exposure Assessment

Children’s lifetime drinking water histories and arsenic concentration measurements in all tube
wells used since in utero were recorded. Details of early life exposure assessment were described
in our earlier study (2) (Appendix-7). In brief, children and their mother were asked to provide
the location of houses that they had lived in for at least six month, starting from nine months
prior to the child’s birth and ending with the house they had been residing in during our last visit
during 2008-10. Then mothers were asked to identify their primary and secondary drinking water
sources at home and the children were asked if they drank water at school. Water arsenic
concentrations of all functioning tube wells used at home and school for at least six months were
measured. In utero arsenic exposure was assessed based on arsenic concentration in the tube
wells used by the mother throughout pregnancy. Postnatal exposure for the first five years was
calculated by taking the average water arsenic concentration during the first five years of life.
Well water arsenic concentrations were weighted by the proportions of water used by a child
from each different water source. For tube wells from which we could not collect water samples,
the arsenic concentrations measured in these wells during the 2002-2003 survey in Matlab were
used. Some participants had occasionally used pond or river water for drinking. Since arsenic
concentrations in pond/river water samples were very low or non-detectable, we used zero for

pond/river water sources.
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In our further follow-up of the two sub-cohorts of children, our interviewers visited the homes to
update the drinking water history since our last visit. Firstly, mothers were asked about house
changes and if they moved to new houses, they were asked to provide the location of houses that
they had lived in at least six months. They also were requested to show their primary drinking
and secondary water sources at new residences. If there was no residential change, any change in
water sources was recorded. School water history was also augmented in a similar manner.
Water samples from all the available new sources at home and at school were collected. Water
specimens were taken in duplicate in 20 ml hydrochloric acid-washed vials following pumping
the well for 30 strokes. Acid was added in the container to prevent precipitation of iron and co-
precipitation of arsenic (1). They were kept at —20°C in Matlab and transported to the icddr,b
Dhaka laboratory for analysis. Arsenic concentrations were measured by hydride generation
atomic absorption spectrophotometry (HG-AAS, Shimadzu Model AA-6800 (3). The limit of

detection (LOD) was 1 pg/l and non-detectable concentrations were assigned a value of 0.5 pg/l.

To obtain histories of respiratory and other medical illnesses, physical examination, blood
pressure measurement, lung function tests and biological specimens, participants were invited to
visit the Matlab hospital run by icddr,b. The mother or main care taker was requested to

accompany the child to the hospital.
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Anthropometric Measurement

Height and weight was taken for all participants before physical examination and blood pressure
measurement. Standing height was measured using a wooden height stick to the nearest of 0.1
cm, and weight was measured using a bathroom scale to the nearest 100gm. Height and weight

were both measured twice and the average values recorded.

Examination of skin for arsenic induced lesions

Although arsenic caused skin lesions are uncommon in children age <15 years (1), each child
was examined carefully by a trained physician to identify arsenic induced skin changes. Probable
and possible skin lesions cases were re-examined by Prof. Allan Smith. Photographs were taken

for probable and possible skin lesions cases for review and evaluation.

Biological Sample Collection

Under aseptic precautions, a nurse took 5 ml of venous blood. Blood specimen was kept upright
for around 30 minutes and centrifuged to separate serum. Serum was aliquoted into two cryovials
and stored at -86°C in Matlab. Samples ware transported to Dhaka with dry ice for further

analysis.

A 60 ml urine sample was taken and immediately splitted into 3 aliquots. One was centrifuged to

separate epithelial cells. The other two aliquots were stored at -86°C within 1-2 hours.

Sample Size and Power Calculation

This study planned to follow a sub-cohort of 200 participants from the original cohort of 600
children in the study titled “Arsenic and child respiratory health in Bangladesh (ACRH)” (2). To
increase study power, we aimed to enrol 100 subjects with the highest exposure and another 100
with the lowest exposure. For respiratory outcomes, the power of the present study was
calculated based on the preliminary findings from the ACRH study. In ACRH, the prevalence of
respiratory symptoms in non-exposed children ranged from 10% (e.g. child has shortness of
breath when walking fast or climbing) to about 30% (e.g. child has woken up with shortness of

breath). We believed that there was an ample evidence of lung effects of arsenic to make the
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power calculations for 1-tailed tests. For prevalence of respiratory symptoms in the unexposed in
the range of 10-20%, pe study power to detect a prevalence odds ratio of 2.5 was in the range of
78% to 89%. Study power for continuous variables like blood pressure was such that we would
have 80% power to estimate a difference of 4 units in systolic blood pressure. Estimates of blood

pressure standard deviations were taken from a study of children aged 9-16 in India (4).

To obtain the required number of participants, we planned to approach ~110 in each arm

considering 10% loss to follow up and non-response.

Data Management and Analysis

Data was entered twice into a personal computer using the Oracle database 10g, cross checked
for errors, cleaned and edited. Data was then converted into Microsoft Excel (version Office
2007 for PC) and imported to STATA (version 13) for further analyses. Univariate analysis was
done to check the distribution of the key variables. Bivariate analysis using Pearson’s chi-square
and fisher exact was done to see the independent association. T-test was performed for
comparing the means of the continuous variables. Confounders and covariates were selected
based on the previously published literature (5-12). A number of studies found sex to
significantly modify the impact of arsenic exposure on health outcomes (13-17). Therefore, we
considered sex as an effect modifier in our analysis and reported the findings stratified by sex.
Multiple regression models were built to determine the independent effects of early life exposure

to arsenic through drinking water on respiratory illnesses, blood pressure and renal function.

Ethical Consideration

The institutional review board of the University of California, Berkeley and the International
Centre for Diarrhoeal Disease Research, Bangladesh, icddr,b approved the study. For subjects 11
to 17 years, the participants and their parents or guardians were informed in detail about the
study objectives and procedures along with its anticipated risks and were asked for assent and
consent respectively. Participants and the parents were informed about confidentiality and were
assured that irrespective of their participation in this study, they would receive the same medical
care from icddr,b. They were informed that they could withdraw from the study at any point even

after they agreed to participate in the study. For those aged 18 and older, informed voluntary
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consent was taken. They were asked to read the consent form but if they were unable to read, the
consent form was read out by our field research assistant (FRA) who asked if they had any
queries which were responded to with clear explanations. Again, it was confirmed that
participation was totally voluntary and they could withdraw themselves from the study at any
time. They were assured about confidentiality. Each study participant was assigned a study
identification number in our previous study and it was kept unchanged. Names were kept secret

and not entered into the computer.
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Chapter 3

Non-malignant respiratory effects in childhood and
adolescence following an early life arsenic exposure
through drinking water

Abstract

Background

Several studies have documented increased risk of non-malignant respiratory illnesses including
impairment of lung function in adults chronically exposed to arsenic through drinking water.
However, there is little evidence on respiratory effects in children and adolescents exposed to

arsenic in their early life.

Methods

As described in chapter 2, the study was conducted in rural Bangladesh, Matlab. Participants
were previously selected using a population based survey database of 166,934 residents 5 years
and above in the sub-district of Matlab. A total of 600 children were selected from this survey,
with 110 having early life exposure to arsenic concentrations over 400ug/L and 110 having less
than 10pg/L. These two sub-cohorts of children constitute those invited to participate in further
follow-up in the current prospective cohort study. Among the exposed and unexposed sub-
cohorts, 107 and 93 subjects participated in the study respectively. Histories of respiratory
symptoms were collected through a validated structured questionnaire (ISAAC). Lung function
(FEV1, FVC) was tested by a portable spirometer following the standard criteria of the American
Thoracic Society. Height and weight were measured and socio-demographic data were collected.
Water arsenic concentration was measured by hydride generation atomic absorption

spectrophotometery.
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Results

Chronic respiratory symptoms were evident in male participants from the high arsenic exposure
cohort. In an adjusted model, boys with early life arsenic exposure (>400 png/L) are more likely
to report wheezing attacks 1-3 times/week (Prevalence Odds Ratio (POR): 4.99, 95% Confidence
Interval (CI): 1.00-24.9, p=0.03), wheezing after exercise (POR: 4.14, 95% CI: 1.05-16.4,
p=0.02) and woken up with tightness of chest (POR: 5.01, 95% CI: 1.00-25.0, p=0.02).
Significant decreases in FEV1 (-117.3 ml, CI: -246.5, 11.8, p=0.04) and FVC (-135.2 ml, CI: -
269.9, -0.37, p=0.02) were observed in male respondents in the high arsenic exposure group
compared to the low exposure sub-cohort. Girls from the high exposure sub-cohort did not have

respiratory impairment.

Conclusions

High exposure to arsenic in early life has been associated with increased risk of chronic
respiratory symptoms and decrements in lung function in male children aged 11-22 years. We
plan to follow this unique cohort further to see if the chronic respiratory effects of early life

arsenic exposure persist in males as they grow older, and remain absent in females.
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Introduction

Arsenic in drinking water has been linked to various non-malignant respiratory illnesses. Several
studies in adults have suggested an increased risk of respiratory symptoms and diseases
including impairment of lung function following chronic exposure to inorganic arsenic (1-6).
Long term exposure to inorganic arsenic has been found to be associated with increased risk of
respiratory symptoms like chronic cough, dyspnea and breathlessness and the relationships was
dose-dependent (7-10). A cross-sectional study has observed a greater risk of chronic bronchitis
with added sounds in chest among people having arsenic induced skin lesion compared to people
without lesion (11). Excess mortality from non-malignant lung disease has been reported
recently for the same cohort with the highest exposure group having a 75% increased risk of
mortality compared to the lowest exposure group (12). A number of studies have observed

declines in lung function following exposure to arsenic via drinking water (13-15).

There is growing evidence that early life arsenic exposure has profound health impact in later
life. Arsenic readily passes through the placenta (or crosses the placenta) in human beings.
Pregnant women exposed to arsenic via drinking water showed similar concentrations in the
fetus as in the mother (16). Exposure to arsenic in utero and early childhood results in increased
mortality among young adults aged 30-49, from lung cancer and bronchiectasis in Chile.
Individuals born during the high arsenic exposure period between 1958 to 1970, the standardized
mortality ratios (SMRs) for lung cancer and bronchiectasis were 6.1 (95% CI, 3.5-9.9; p< 0.001)
and 46.2 (95% CI, 21.1-87.7; p < 0.001) respectively (17). A recent finding from Chile revealed
increased incidence of lung cancer following moderate arsenic exposure and the association was
greater in younger adults exposed to arsenic in early life (18). Lung cancer is considered the
major long—term cause of death following exposure to arsenic in drinking water (19, 20).
Exposure to arsenic in prenatal life and early childhood via drinking water was found to be
associated with impaired lung function. Subjects with early life arsenic exposure (>800 pg/L)
had around 12% (P=0.04) lower FEV1 and FVC compared to the lowest exposure group (<50

ng/L). However, the number of in utero exposed subjects was very limited (21).

While there is considerable evidence that early life arsenic exposure increases lung disease in
adults, only limited information is available on pulmonary effects in children themselves before

adulthood. A study in Antofagasta, Chile in the 1970s reported reduction in prevalence of
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respiratory symptoms after supplying arsenic free water (22). In utero and early life exposure to
arsenic has also been found to be associated with increased risk of respiratory infections in
infants (23, 24). Most studies investigating the impact of arsenic on respiratory health had been
performed in exposed adults. Few studies investigated the arsenic exposure during fetal
development and early life on respiratory consequences in infants and children. Evidence
suggested that early life arsenic exposure resulted in long-term pulmonary consequences that
might present much later in life (25) as indicated by increased mortality from bronchiectasis and
lung cancer, in adults (17). No study to date has followed the children with well documented
early life arsenic exposure to assess long-term health consequences in later part of childhood and
as young adults. We are the first to follow a cohort with high arsenic exposure in early life to
observe respiratory and other health effects in children, adolescents and young adults (26)
(Appendix-7). We now further assess these same children a few years after the first assessment,

but confining attention to sub-cohorts with the highest and lowest exposures.

Methods

As described in chapter 2, the study was conducted in rural Bangladesh, Matlab. Participants
were previously selected from a population based survey of 166,934 residents of the sub-district
of Matlab. A cohort of 300 exposed children aged 7-17 years were selected whose mothers had
the highest likely arsenic exposure during pregnancy and another cohort of 300 unexposed
children whose mothers’ drinking water contained less than 10ug/l. From that cohort, we
selected a sub-cohort of 110 children having early life exposure to arsenic concentrations over
400ug/L and another 110 having less than 10 pg/L. These two sub-cohorts of children constitute
those invited to participate in further follow-up in the current prospective cohort study. Of them,
107 and 93 children participated in the exposed and unexposed group respectively. Further

details of participants’ selection and arsenic exposure assessment were described in Chapter-2.

Assessment of Respiratory and other medical illnesses

Detailed histories of respiratory symptoms and disorders including wheezing, asthma,
pneumonia, and tuberculosis since our last visit between 2008-10 were taken. Ever and current

wheezing i.e wheezing in last 12 months, and asthma was assessed based on the core
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questionnaire of the International Study of Asthma and Allergy in Childhood (ISAAC), a valid
tool used for the assessment of asthma symptoms in children worldwide (27, 28) . Cough and
phlegm, shortness of breath, and family history of asthma was obtained according to an ISAAC
supplementary questionnaire (29). A trained physician asked the questions in a structured

interview.

Anthropometric and Lung Function Measurement

Height and weight were obtained for all participants before testing lung function. Standing height
was measured using a wooden height stick to the nearest of 0.1 cm and weight was measured
using a bathroom scale to the nearest of 100gm. Lung function was measured with the EasyOne
spirometer (NDD Medical Technologies) which has been used successfully in many studies (13,
21) including our previous one with the same children in Bangladesh (26). It is a handy, portable
spirometer that uses ultrasound to measure airflow and the measurement is independent of gas
composition, pressure, temperature, and humidity, and eliminates errors due to those variables
and made it suitable for the hot and humid conditions in Matlab. After explaining the procedure
and demonstrating, subjects were asked to blow out forcibly as hard as possible through the
disposable mouthpiece in the standing position without nose clip. The procedure was repeated up
to six times in order to produce smooth, reproducible curves that meet American Thoracic
Society criteria (30). Spirometry was conducted by the physician who has extensive experience
doing spirometry on children. Lung function parameters, primarily FVC (Forced vital capacity),
FEV1 (Forced expiratory volume in first second) and FEVI/FVC ratio, were recorded. Test
quality is graded from A to F. We achieved grade A in more than 95% cases. In addition, lung
function data were reviewed by one of the co-investigators, Prof. John Balmes, pulmonologist at

the University of California Berkeley, to ensure quality of the test results.

Ethical Consideration

The institutional review boards of the University of California, Berkeley and icddr,b approved
the study. Participants and the parents were informed about the confidentiality and were ensured
that irrespective of their participation in this study, they will receive same health care from

icddr,b. They were informed that their participation was voluntary, and were also assured they
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could withdraw from the study at any time. For subjects 11 to 17 years, parents or guardians
along with the participants were informed in detail about the study along with its anticipated
risks and were asked for consent and assent respectively. And for those aged 18 and older,
informed voluntary consent was taken. They were asked to read the consent form, but if they
were unable to read, the consent form was read out by our field research assistant (FRA) who
asked if they had any queries which were responded to with clear explanations. Again, it was
confirmed that the participation was totally voluntary, and they could withdraw themselves from

the study at any time.

Analysis

Univariate analysis was done to evaluate the differences in general characteristics and socio-
demographic factors between the low and high exposed cohorts. We performed Fisher’s exact
test to compare the dichotomous respiratory symptoms between the cohorts separated by sex.
Multiple linear regression analyses were used to assess the association of water arsenic
concentration with FEV1 and FVC. Firstly, age, sex and height were adjusted. Then more
analyses were conducted and adjusted for age, sex, height, weight, mother’s education, father’s
education, father’s smoking status and rooms in the house. Logistic regression analysis was
conducted to calculate crude and adjusted prevalence odds ratios and 95% confidence intervals
for dichotomous respiratory symptoms for the sub-cohort of children exposed to >400 pg/L in
their early life and the sub-cohort of children who were not exposed (<10 pg/L). Again, we first
adjusted for age and sex, and then conducted further analyses adjusting for age, sex, mother’s

education, father’s education, father’s smoking, and number of rooms in the house.

Results

A total of 200 subjects aged 11-22 participated in this study. The mean age was 14.9 (£2.8SD)
years. Table 3.1 describes socio-demographic events and characteristics of the study subjects.
Among the participants, 107 (53.5%) were exposed to a high arsenic concentrations in early life
(>400ug/L) and 93 (46.5%) were exposed to low concentration of As (<10ug/L) in their early
life. Of the total 200 subjects, 105 (52.5%) were male and 95 (47.5%) were female. Participants

over the age of 17 were more likely to have been exposed to high arsenic concentration (30.84%
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vs 16.13%). Both mother and father’s education were associated with their children’s arsenic
exposure. Participants with more educated parents were found to have used lower arsenic
concentration water in early life. Fathers of highly exposed children reported more smoking
compared to fathers of children in the low exposure group (64.49% vs 50.54%). Respondents
residing in higher quality houses were more likely to have had low exposures compared to
participants living in mud houses. Other factors like BMI, respondent’s educational status, and

number of rooms in the household, did not show significant differences between two groups.
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Table 3.1: Socio-demographic characteristics of study subjects

Characteristics Total Low Exposure High Exposure P-value
n (%) Status<10 pg/l n (%) Status>400png/l n (%)
Sex
Boys 105 (52.50) 44 (47.31) 61 (57.01) 0.171
Girls 95 (47.50) 49 (52.69) 46 (42.99)
Age (years)
11-13 72 (36.00) 40 (43.01) 32(29.91) 0.032
14-16 80 (40.00) 38 (40.86) 42 (39.25)
17-22 48 (24.00) 15 (16.13) 33 (30.84)
BMI
<18.5 145 (72.50) 70 (75.27) 75 (70.09) 0.414
>=18.5 55 (27.50) 23 (24.73) 32(29.91)
Education (years)
No 24 (12.00) 8 (8.60) 16 (14.95) 0.533
1-5 46 (23.00) 23 (24.73) 23 (21.50)
6-10 117 (58.50) 55(59.14) 62 (57.94)
11-13 13 (6.50) 7(7.53) 6 (5.61)
No. of family members
2-4 69 (34.50) 33 (35.48) 36 (33.64) 0.772
5-6 95 (47.50) 46 (49.46) 49 (45.79)
7-8 22(11.00) 9 (9.68) 13 (12.15)
9+ 14 (7.00) 5(5.38) 9(8.41)
Mother’s education
No education 57 (28.50) 23 (24.73) 34 (31.78) 0.007
Primary 87 (43.50) 34 (36.56) 53 (49.53)
Secondary and above 56 (28.99) 36 (38.71) 20 (18.69)
Father’s education
No education 61 (30.50) 25 (26.88) 36 (33.64) <0.001
Primary 68 (34.00) 18 (19.35) 50 (46.73)
Secondary and above 71 (35.50) 50 (53.76) 21 (19.63)
Type of house
Mud 174 (87.00) 73 (78.49) 101 (94.39) 0.004
Mixed 6 (3.00) 5(5.38) 1 (0.93)
Concrete 17 (8.50) 13 (13.98) 4(3.74)
Tin 3 (1.50) 2 (2.15) 1 (0.93)
Rooms in the house
1 12 (6.00) 6 (6.45) 6 (5.61) 0.954
2 64 (32.00) 28 (30.11) 36 (33.64)
3 96 (48.00) 46 (49.46) 50 (46.730
4+ 28 (14.00) 13 (13.98) 15 (14.02)
Father smokes
Yes 116 (58.00) 47 (50.54) 69 (64.49) 0.046
No 84 (42.00) 46 (49.46) 38 (35.51)
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Prevalence data for respiratory symptoms are presented in Table 3.2. Increases in several

respiratory symptoms were found in male subjects in the high exposure group. The main

differences were in wheezing attacks (1-3 times/week) (p=0.03), number of nights sleep

disturbed (<1/week) (p=0.03), wheezing after exercise (p=0.04), woken up with tightness of

chest (p=0.03) and asthma (p=0.04). Female participants in the high exposure group tended to

have fewer symptoms than those in the low exposure cohort.

Table 3.2: Prevalence of respiratory symptoms among low and high arsenic exposed

children and adolescents

Low exposure

High exposure

. Total (n=200) status(<10pg/L) status(>400 pg/L) P
Respiratory Symptoms N (%) (n=93) (n=107) value*
N (%) N (%)

Coughing

When having a cold (last 12 months) 131 (65.50) 64 (68.82) 67 (62.62) 0.18
Male 64 (60.95) 26 (59.09) 38 (62.30) 0.45
Female 67 (70.53) 38(77.55) 29 (63.04) 0.09

When having a cold (last 12 months) 21 (10.50) 64 (68.82) 67 (62.62) 0.50
Male 11 (10.48) 26 (59.09) 38 (62.30) 0.24
Female 10 (70.53) 38(77.55) 29 (63.04) 0.20

Dry cough (last 12 months) 76 (38.00) 35(37.63) 41 (38.32) 0.50
Male 42 (40.00) 14 (31.82) 28 (45.90) 0.11
Female 34 (35.79) 21 (42.86) 13 (28.26) 0.10

Wheezing

Ever 34 (17.00) 15 (16.13) 19 (17.76) 0.43
Male 21 (20.00) 6 (13.64) 15 (24.59) 0.13
Female 13 (13.68) 9 (18.37) 4 (8.70) 0.14

Last 12 months 28 (14.00) 11(11.83) 17 (15.89) 0.21
Male 17 (16.19) 4 (9.09) 13 (21.31) 0.08
Female 11 (11.58) 7 (14.29) 4 (8.70) 0.30

Number of wheezing attacks (1-3 times) 21 (10.88) 8 (8.89) 13 (12.62) 0.25
Male 13 (12.87) 2 (4.76) 11 (18.64) 0.03
Female 8 (8.70) 6 (12.5) 2 (4.55) 0.14
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Number of wheezing attacks (4+ times)
Male

Female

Number of nights sleep disturbed
(<1/week)

Male

Female
Number of nights sleep disturbed (1 or
more/week)

Male

Female

Severe enough to affect speech
Male

Female

After exercise
Male
Female
without exercise
Male
Female
When having a cold
Male
Female
When not having a cold
Male
Female
Shortness of breath
Woken up with shortness of breath
Male
Female
Woken up with tightness of chest
Male

7(3.91)
4(4.35)
3 (3.45)

23 (11.67)

12 (11.76)
11 (11.58)
3(1.69)

3(3.23)
0

24 (12.00)
15 (14.29)
9 (9.47)

23 (11.5)
16 (15.24)
7(7.37)
7 (3.50)
5 (4.76)
2(2.11)
28 (14.00)
17 (16.19)
11 (11.58)
7 (3.50)
5 (4.76)
2(2.11)

25 (12.50)
15 (14.29)
10 (10.53)
22 (11.00)
13 (12.38)

3(3.53)
2 (4.76)
1(2.33)

9 (9.78)

2 (4.65)
7 (14.29)
1(1.19)

1 (12.38)
0
9 (9.68)

3 (6.82)
6 (12.24)
7(7.53)
3 (6.82)
4 (8.16)
3(3.23)
1(2.27)
2 (4.08)
11 (11.83)
4(9.09)
7 (14.29)
2 (2.15)
1(2.27)
1 (2.04)

10 (10.75)
3 (6.82)
7 (14.29)
8 (8.60)
2 (4.55)

4 (4.26)
2 (4.00)
2 (4.55)

14 (13.33)

10 (16.95)
4 (8.70)
2(2.15)

2(3.92)
0
15 (14.02)

12 (19.67)
3(6.52)
16 (14.95)
13 (21.31)
3(6.52)
4(3.74)
4 (6.56)
0
17 (15.89)
13 (21.31)
4 (8.70)
5 (4.67)
4 (6.56)
1(2.17)

15 (14.02)
12 (19.67)
3(6.52)
14 (13.08)
11 (18.03)

0.50
0.50
0.50

0.25

0.03
0.26
0.20

0.50

0.19

0.06
0.28
0.06
0.04
0.54
0.50
0.30
0.26
0.21
0.08
0.30
0.23
0.30
0.74

0.26
0.06
0.19
0.18
0.03
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Female 9(9.47) 6 (12.24) 3 (6.52) 0.28

When walking fast or climbing 118 (59.00) 54 (58.06) 64 (59.81) 0.44
Male 58 (55.24) 24 (54.55) 34 (55.74) 0.53
Female 60 (63.16) 30(61.22) 30 (65.22) 0.43

When walking on level ground 6 (3.00) 0 6 (5.61) 0.02
Male 3(2.86) 0 3(4.92) 0.19
Female 3 (3.16) 0 3(6.52) 0.11

Asthma 28 (14.00) 11(11.83) 17 (16.04) 0.21
Male 16 (15.24) 3(6.82) 13 (21.31) 0.04
Female 12 (12.77) 8(16.33) 4 (8.89) 0.21

Prevalence odds ratios (both crude and adjusted) for respiratory symptoms are shown in table
3.3, 3.3a & 3.3b; first with the sex combined and then separately for males and females. After
adjustment for age, father’s smoking status and rooms in the house, the prevalence odds ratio
(POR) for number of wheezing attacks (1-3 times/week) in the high exposure cohort was
increased almost five-fold (POR: 4.99, 95% CI: 1.00-24.9, p=0.03) in male subjects. Other
symptoms for highly exposed males were also markedly increased including wheezing after
exercise (POR: 4.14, 95% CI: 1.05-16.4, p=0.02) and woken up with tightness of chest (POR:
5.01, 95% CI: 1.00-25.0, p=0.02). Asthma was also found to be increased in exposed males
(POR: 4.14, 95% CI: 1.05-16.4, p=0.02). However, increased risks were not observed in females,
and in fact most symptoms among females were reduced in the highly exposed cohort compared

to the low exposure cohort.

Table 3.4 presents lung function test results analyzed by multiple linear regression analysis. It
displays the differences in two major pulmonary function parameters, FEV1 and FVC between
the exposed cohort (>400 png/L) and the unexposed cohort (<10ug/L). We first adjusted for age,
sex and height and then more adjustment was done for other potential confounding factors
including weight, father’s smoking status and rooms in the house. Results showed significant
decreases in FEV1 (-117.3 ml, CI: -246.5, 11.8, p=0.04) and FVC (-135.2 ml, CI: -269.9, -0.37,

p=0.02) in male participants in the high exposure cohort compared to the low exposure cohort.
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Table 3.4: Results from multivariate linear regression analysis of lung function and arsenic
exposure in early life (400+ pg/L compared to less than 10 pg/L)

Lung Function Age, sex and Height More Variables

P l %k P l %%
Parameters Adjusted value Adjusted* value
FEV 1 (ml)

All -39.8 (-125.4, 45.7) 0.18 -24.4 (-104.50, 55.7) 0.28
Male -164.2 (-302.9, -25.6) 0.01 -117.3 (-246.5, 11.8) 0.04
Female 100.9 (11.0, 190.8) 0.99 109.2 (27.4, 191.0) 0.99

FVC (ml)

All -45.9 (-139.2, 47.4) 0.17 -39.2 (-124.1, 45.6) 0.18
Male -175.0 (-318.9, -31.1) 0.01 -135.2 (-269.9, -0.37) 0.02
Female 98.4 (-12.4,209.1) 0.96 91.1(-2.59, 184.7) 0.97

* Adjusted for age, sex, height, weight, father’s smoking status and rooms in the house. Participants’
smoking status was not controlled as only two subjects reported history of smoking
** One-tailed

Discussion

To our knowledge, this is the first study that followed a cohort exposed to arsenic in early life to
investigate the effects of in utero exposure on respiratory diseases in adolescents and young
adults. We observed deleterious the effects of early life arsenic exposure on the respiratory
system in boys. After adjustment, boys with in early life arsenic exposure (>400 pg/L) are more
likely to report wheezing attacks 1-3 times/week (Prevalence Odds Ratio (POR): 4.99, 95%
Confidence Interval (CI): 1.00-24.9, p=0.03), wheezing after exercise (POR: 4.14, 95% CI: 1.05-
16.4, p=0.02) and woken up with tightness of chest (POR: 5.01, 95% CI: 1.00-25.0, p=0.02).
Marked reduction in FEV1 (-117.3 ml, CI: -246.5, 11.8, p=0.04) and FVC (-135.2 ml, CIL: -
269.9, -0.37, p=0.02) were observed in male subjects with high arsenic exposure compared to

low arsenic exposure. However, these effects are not evident in girls.

Long term exposure to arsenic via drinking water has been implicated with chronic respiratory
illnesses in several studies in adults (7-9, 17, 31). A prospective study in Bangladesh has shown
an inverse dose—response relationship between arsenic and lung function parameters, FEV1 and
FVC. Individuals in the highest baseline water arsenic category (>97 ng/L) has a significant
reduction in FEV1 and FVC of 80.6 ml and 97.3 ml respectively. For every one SD increase in
water arsenic concentration (118.1 pg/L), FEV1 declined by 46.5 ml and FVC by 53.1 ml (13).

A study in India has reported increased respiratory symptoms including impairment in lung
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function. Men with arsenic induced skin lesions had a 256.2 ml (95 percent CI: 113.9, 398.4; p <
0.001) and 287.8 ml (95 percent CI: 134.9, 440.8; p < 0.001) reduction in FEV1 and FVC
respectively. For each 100 pg/l increase in arsenic in water FEV1 declines 45.0 ml (95 percent
CI: 6.2, 83.9; p=0.02) for FEV1 and FVC 41.4 ml (95 percent CI: -0.7, 83.5; p =0.054) in males
arsenicosis cases (1). Evidence from Chile suggests that prenatal exposure to arsenic increases
the risk of respiratory illnesses later in life (21). A recent study in Mexico has reported
significant reduction in forced vital capacity (FVC) in children following exposure to arsenic in
utero and early childhood but the association is based on urinary As concentrations which only

reflects current arsenic exposure (32).

In our previous study on the whole cohort of 600 children, we found strong associations between
respiratory symptoms, especially wheezing when not having a cold (OR=8.41, 95% CI: 1.66-
42.6), and shortness of breath when walking fast or climbing (OR=3.19, 95% CI: 1.22-8.32), and

prenatal exposure to arsenic more than 500 pg/L (26).

In our original cohort study, we found marked increases in respiratory symptoms in children
exposed to inorganic arsenic in their early life but there was little effect on lung function.
Increased risk for respiratory symptoms was evident both in boys and girls (26). However, the
present study found elevated risk of respiratory symptoms only among males while there was no
effect of early life arsenic exposure among females. Interestingly, we observed reduced lung
function among the male participants which was absent in the original cohort study. Although
these sex specific findings are somewhat surprising, a number of studies have reported gender
differences in respiratory effects of arsenic. Pesola et al. found the risk for dyspnea was greater
among males compared to females (8). Parvez et, al. observed that arsenic exposure affected
FEV1 only in men and the risk for reduced FVC was greater among males (13). Similarly, von
Ehrenstein et, al. found increase in respiratory symptoms and marked decline in both FVC and
FEV1 in arsenic exposed males, but not in females (1). Dauphine et, al. showed that early life
arsenic exposure had a detrimental effect on lung function especially FVC in adult males only
(21). Raqib et, al. found that the correlation between prenatal inorganic arsenic and acute

respiratory infections was stronger in boys in comparison to girls (24).

A study in Mexico reported that boys living in an arsenic-contaminated area scored poorly on

various cognitive tests in comparison to girls living in the same area (33).
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Gender variation has also been observed in arsenic induced skin lesions. A number of studies
documented increased risk of arsenic induced skin lesions in males compared to females (34-37).
This may be due to sex differences in arsenic metabolism. Males are reported to have reduced
methylation capacity than females so more is present in inorganic form, or as MMA3, both of
which are highly toxic (38, 39). Although one might expect stronger finding in males than in
females, we have no explanation for this sex specific findings in this follow-up compared to our
first study. It seems that the respiratory symptom effects in girls have completely disappeared,
while boys continue to have symptoms and now also have evidence of reduced lung function.
Further follow-up of these children, including urinary arsenic speciation, may help elucidate

these puzzling observations.

The mechanisms by which arsenic causes chronic respiratory illness via drinking water are not
well understood. Immune suppression is considered one of the possible ways. A review of
evidence suggested that arsenic causes immune suppression by inducing apoptosis (40, 41),
oxidative stress (42, 43) and inflammation (43, 44). Early life arsenic exposure through drinking
water has found to be associated with reduced size and function of thymus leading to immune
suppression and increase susceptibility to infection (24, 45). Chronic exposure to arsenic through
drinking water alters respiratory epithelial barrier and impairs wound repair through the

upregulation of MMP-9 by pulmonary epithelial cells (46).

One of the strengths of the current study is the individual meticulous assessment of drinking
water arsenic exposure level since prenatal life including change of exposure over the time. A
limitation of the study was that we did not take the arsenic concentration of any tube well
sources that was used for less than one month; which might affect exposure status to some

extent.

Conclusion

Our study suggests that the exposure to high concentration of arsenic in early life increases the
risk of chronic respiratory symptoms including decline in lung function in male children. We
plan to follow the full unique cohort of 600 children further to see if the chronic respiratory
effects of early life arsenic exposure persist in males as they grow older, and remain absent in

females. The public health impact of early life arsenic exposure could be substantial as many
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children in Bangladesh had exposure to arsenic in early life and many are currently still drinking
arsenic contaminated water. Safe water is an urgent requirement to avoid arsenic related health

consequences.

References

1. von Ehrenstein OS, Mazumder DN, Yuan Y, Samanta S, Balmes J, Sil A, et al.
Decrements in lung function related to arsenic in drinking water in West Bengal, India.
American journal of epidemiology. 2005;162(6):533-41.

2. Mazumder DN, Haque R, Ghosh N, De BK, Santra A, Chakraborti D, et al. Arsenic in
drinking water and the prevalence of respiratory effects in West Bengal, India. International
journal of epidemiology. 2000;29(6):1047-52.

3. Mazumder DN, Steinmaus C, Bhattacharya P, von Ehrenstein OS, Ghosh N, Gotway M,
et al. Bronchiectasis in persons with skin lesions resulting from arsenic in drinking water.
Epidemiology. 2005;16(6):760-5.

4. Milton AH, Rahman M. Respiratory effects and arsenic contaminated well water in
Bangladesh. International journal of environmental health research. 2002;12(2):175-9.

5. Smith AH, Marshall G, Yuan Y, Liaw J, Ferreccio C, Steinmaus C. Evidence from Chile
that arsenic in drinking water may increase mortality from pulmonary tuberculosis. American
journal of epidemiology. 2011;173(4):414-20.

6. Guo X, Fujino Y, Chai J, Wu K, Xia Y, Li Y, et al. The prevalence of subjective
symptoms after exposure to arsenic in drinking water in Inner Mongolia, China. Journal of
epidemiology / Japan Epidemiological Association. 2003;13(4):211-5.

7. Parvez F, Chen Y, Brandt-Rauf PW, Slavkovich V, Islam T, Ahmed A, et al. A
prospective study of respiratory symptoms associated with chronic arsenic exposure in
Bangladesh: findings from the Health Effects of Arsenic Longitudinal Study (HEALS). Thorax.
2010;65(6):528-33.

8. Pesola GR, Parvez F, Chen Y, Ahmed A, Hasan R, Ahsan H. Arsenic exposure from
drinking water and dyspnoea risk in Araihazar, Bangladesh: a population-based study. The
European respiratory journal. 2012;39(5):1076-83.

9. Ghosh P, Banerjee M, De Chaudhuri S, Chowdhury R, Das JK, Mukherjee A, et al.
Comparison of health effects between individuals with and without skin lesions in the population
exposed to arsenic through drinking water in West Bengal, India. Journal of exposure science &
environmental epidemiology. 2007;17(3):215-23.

10. Paul S, Das N, Bhattacharjee P, Banerjee M, Das JK, Sarma N, et al. Arsenic-induced
toxicity and carcinogenicity: a two-wave cross-sectional study in arsenicosis individuals in West
Bengal, India. Journal of exposure science & environmental epidemiology. 2013;23(2):156-62.
1. Milton AH, Hasan Z, Rahman A, Rahman M. Chronic arsenic poisoning and respiratory
effects in Bangladesh. Journal of occupational health. 2001;43(3):136-40.

12. Argos M, Parvez F, Rahman M, Rakibuz-Zaman M, Ahmed A, Hore SK, et al. Arsenic
and lung disease mortality in Bangladeshi adults. Epidemiology. 2014;25(4):536-43.

45



13. Parvez F, Chen Y, Yunus M, Olopade C, Segers S, Slavkovich V, et al. Arsenic exposure
and impaired lung function. Findings from a large population-based prospective cohort study.
American journal of respiratory and critical care medicine. 2013;188(7):813-9.

14. Nafees AA, Kazi A, Fatmi Z, Irfan M, Ali A, Kayama F. Lung function decrement with
arsenic exposure to drinking groundwater along River Indus: a comparative cross-sectional
study. Environmental geochemistry and health. 2011;33(2):203-16.

15. De BK, Majumdar D, Sen S, Guru S, Kundu S. Pulmonary involvement in chronic
arsenic poisoning from drinking contaminated ground-water. The Journal of the Association of
Physicians of India. 2004;52:395-400.

16. Concha G, Vogler G, Lezcano D, Nermell B, Vahter M. Exposure to inorganic arsenic
metabolites during early human development. Toxicological sciences : an official journal of the
Society of Toxicology. 1998;44(2):185-90.

17. Smith AH, Marshall G, Yuan Y, Ferreccio C, Liaw J, von Ehrenstein O, et al. Increased
mortality from lung cancer and bronchiectasis in young adults after exposure to arsenic in utero
and in early childhood. Environmental health perspectives. 2006;114(8):1293-6.

18. Steinmaus C, Ferreccio C, Acevedo J, Yuan Y, Liaw J, Duran V, et al. Increased lung
and bladder cancer incidence in adults after in utero and early-life arsenic exposure. Cancer
epidemiology, biomarkers & prevention : a publication of the American Association for Cancer
Research, cosponsored by the American Society of Preventive Oncology. 2014;23(8):1529-38.
19. Smith AH, Goycolea M, Haque R, Biggs ML. Marked increase in bladder and lung
cancer mortality in a region of Northern Chile due to arsenic in drinking water. American journal
of epidemiology. 1998;147(7):660-9.

20. Yuan Y, Marshall G, Ferreccio C, Steinmaus C, Selvin S, Liaw J, et al. Acute myocardial
infarction mortality in comparison with lung and bladder cancer mortality in arsenic-exposed
region II of Chile from 1950 to 2000. American journal of epidemiology. 2007;166(12):1381-91.
21. Dauphine DC, Ferreccio C, Guntur S, Yuan Y, Hammond SK, Balmes J, et al. Lung
function in adults following in utero and childhood exposure to arsenic in drinking water:
preliminary findings. International archives of occupational and environmental health.
2011;84(6):591-600.

22. Zaldivar R, Ghai GL. Clinical epidemiological studies on endemic chronic arsenic
poisoning in children and adults, including observations on children with high- and low-intake of
dietary arsenic. Zentralblatt fur Bakteriologie 1 Abt Originale B, Hygiene, Krankenhaushygiene,
Betriebshygiene, praventive Medizin. 1980;170(5-6):409-21.

23.  Rahman A, Vahter M, Ekstrom EC, Persson LA. Arsenic exposure in pregnancy
increases the risk of lower respiratory tract infection and diarrhea during infancy in Bangladesh.
Environmental health perspectives. 2011;119(5):719-24.

24, Raqib R, Ahmed S, Sultana R, Wagatsuma Y, Mondal D, Hoque AM, et al. Effects of in
utero arsenic exposure on child immunity and morbidity in rural Bangladesh. Toxicology letters.
2009;185(3):197-202.

25. Vahter M. Health effects of early life exposure to arsenic. Basic & clinical pharmacology
& toxicology. 2008;102(2):204-11.

26. Smith AH, Yunus M, Khan AF, Ercumen A, Yuan Y, Smith MH, et al. Chronic
respiratory symptoms in children following in utero and early life exposure to arsenic in drinking
water in Bangladesh. International journal of epidemiology. 2013;42(4):1077-86.

46



27.  Asher MI, Weiland SK. The International Study of Asthma and Allergies in Childhood
(ISAAC). ISAAC Steering Committee. Clinical and experimental allergy : journal of the British
Society for Allergy and Clinical Immunology. 1998;28 Suppl 5:52-66; discussion 90-1.

28. Shaw R, Woodman K, Ayson M, Dibdin S, Winkelmann R, Crane J, et al. Measuring the
prevalence of bronchial hyper-responsiveness in children. International journal of epidemiology.
1995;24(3):597-602.

29. Weiland SK, Bjorksten B, Brunekreef B, Cookson WO, von Mutius E, Strachan DP, et
al. Phase II of the International Study of Asthma and Allergies in Childhood (ISAAC II):
rationale and methods. The European respiratory journal. 2004;24(3):406-12.

30. American Thoracic Society: Standardization of Spirometry, 1994 update: American
Thoracic Society. American journal of respiratory and critical care medicine. 1995;152:1107-36.
31. Paul S, Das N, Bhattacharjee P, Banerjee M, Das JK, Sarma N, et al. Arsenic-induced
toxicity and carcinogenicity: a two-wave cross-sectional study in arsenicosis individuals in West
Bengal, India. Journal of Exposure Science and Environmental Epidemiology. 2013;23(2):156-
62.

32. Recio-Vega R, Gonzalez-Cortes T, Olivas-Calderon E, Lantz RC, Gandolfi AJ, Alba CG.
In utero and early childhood exposure to arsenic decreases lung function in children. Journal of
applied toxicology : JAT. 2015;35(4):358-66.

33. Rosado JL, Ronquillo D, Kordas K, Rojas O, Alatorre J, Lopez P, et al. Arsenic exposure
and cognitive performance in Mexican schoolchildren. Environmental health perspectives.
2007;115(9):1371-5.

34, Rahman M, Vahter M, Sohel N, Yunus M, Wahed MA, Streatfield PK, et al. Arsenic
exposure and age and sex-specific risk for skin lesions: a population-based case-referent study in
Bangladesh. Environmental health perspectives. 2006;114(12):1847-52.

35. Ahsan H, Chen Y, Parvez F, Zablotska L, Argos M, Hussain I, et al. Arsenic exposure
from drinking water and risk of premalignant skin lesions in Bangladesh: baseline results from
the Health Effects of Arsenic Longitudinal Study. American journal of epidemiology.
2006;163(12):1138-48.

36. Chen YC, Guo YL, Su HJ, Hsueh YM, Smith TJ, Ryan LM, et al. Arsenic methylation
and skin cancer risk in southwestern Taiwan. Journal of occupational and environmental
medicine / American College of Occupational and Environmental Medicine. 2003;45(3):241-8.
37. Guha Mazumder DN, Haque R, Ghosh N, De BK, Santra A, Chakraborty D, et al.
Arsenic levels in drinking water and the prevalence of skin lesions in West Bengal, India.
International journal of epidemiology. 1998;27(5):871-7.

38. Vahter M, Akesson A, Liden C, Ceccatelli S, Berglund M. Gender differences in the
disposition and toxicity of metals. Environmental research. 2007;104(1):85-95.

39. Lindberg AL, Ekstrom EC, Nermell B, Rahman M, Lonnerdal B, Persson LA, et al.
Gender and age differences in the metabolism of inorganic arsenic in a highly exposed
population in Bangladesh. Environmental research. 2008;106(1):110-20.

40. de la Fuente H, Portales-Perez D, Baranda L, Diaz-Barriga F, Saavedra-Alanis V,
Layseca E, et al. Effect of arsenic, cadmium and lead on the induction of apoptosis of normal
human mononuclear cells. Clinical and experimental immunology. 2002;129(1):69-77.

41. Rocha-Amador DO, Calderon J, Carrizales L, Costilla-Salazar R, Perez-Maldonado IN.
Apoptosis of peripheral blood mononuclear cells in children exposed to arsenic and fluoride.
Environmental toxicology and pharmacology. 2011;32(3):399-405.

47



42, Luna AL, Acosta-Saavedra LC, Lopez-Carrillo L, Conde P, Vera E, De Vizcaya-Ruiz A,
et al. Arsenic alters monocyte superoxide anion and nitric oxide production in environmentally
exposed children. Toxicology and applied pharmacology. 2010;245(2):244-51.

43, Ahmed S, Mahabbat-e Khoda S, Rekha RS, Gardner RM, Ameer SS, Moore S, et al.
Arsenic-associated oxidative stress, inflammation, and immune disruption in human placenta and
cord blood. Environmental health perspectives. 2011;119(2):258-64.

44, Soto-Pena GA, Luna AL, Acosta-Saavedra L, Conde P, Lopez-Carrillo L, Cebrian ME, et
al. Assessment of lymphocyte subpopulations and cytokine secretion in children exposed to
arsenic. FASEB journal : official publication of the Federation of American Societies for
Experimental Biology. 2006;20(6):779-81.

45.  Ahmed S, Ahsan KB, Kippler M, Mily A, Wagatsuma Y, Hoque AM, et al. In utero
arsenic exposure is associated with impaired thymic function in newborns possibly via oxidative
stress and apoptosis. Toxicological sciences : an official journal of the Society of Toxicology.
2012;129(2):305-14.

46. Olsen CE, Liguori AE, Zong Y, Lantz RC, Burgess JL, Boitano S. Arsenic upregulates
MMP-9 and inhibits wound repair in human airway epithelial cells. American journal of
physiology Lung cellular and molecular physiology. 2008;295(2):1.293-302.

48



Chapter 4

Association of early life arsenic exposure with
prehypertension in children and adolescents in rural
Bangladesh

Abstract

Background

Chronic exposure to arsenic through drinking water has been implicated with elevated blood
pressure in adults. However, few studies have evaluated the impact of early life arsenic exposure
on blood pressure in children, and this is the first study assessing older children and adolescents,

aged 11 to 22 years when blood pressure was measured.

Methods
The study is conducted in Matlab in rural Bangladesh. A subcohort of 107 participants with high

early life arsenic exposure (>400 pg/L) and another subcohort of 93 subjects with low early life
exposure (<10 pg/L) were selected from a cohort of 600 children who had their lifetime data on
arsenic concentration in drinking water, obtained by us in an earlier study. Blood pressure has
been recorded using a standard mercury sphygmomanometer with an appropriately sized blood
pressure cuff. Prehypertension in children was defined as systolic blood pressure (SBP) and/or
diastolic blood pressure (DBP) between the 90th and 95th percentile for age, sex and, height. For
the subjects 18 years and above, prehypertension was classified as SBP above 120 and ranged

from 120-139 mmHg, and/or DBP above 80 (range 80-89 mmHg).

Results

The overall prevalence of prehypertension was 16.5%. The high exposure subcohort had a higher
prevalence of prehypertension compared to the low exposure group (20.6% vs 11.8%, 1-tailed p
= 0.070,). After adjustment for potential confounders, the prevalence odds ratio (POR) for pre-
hypertension was 1.68 [95% Confidence Interval (CI): 0.65-4.35, p=0.14] in children and
adolescents exposed to arsenic >400 pg/L in their early life. The increased prevalence of
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prehypertension was only evident in females (POR=3.93, 95% CI: 0.79-19.6, p=0.05), not in
boys (POR=0.85, 95% CI: 0.23-3.15, p=0.60).

Conclusions

Our results suggest a possible association between early life arsenic exposure and increased risk
of prehypertension in girls, but not in boys. This sex differences was not expected, and the

findings need to be confirmed.
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Introduction

Arsenic, a ubiquitous element naturally present in groundwater, poses a major public health
threat globally. Several studies suggest that long term exposure to inorganic arsenic through
drinking water increases the risk of cardiovascular disorders including hypertension (1-7).
Studies in Taiwan and Bangladesh have documented that people chronically exposed to high
levels of arsenic through drinking water have a higher prevalence of hypertension, and the
associations were dose dependent (8, 9). A recent study in Taiwan also reported a dose-response
relationship between urinary arsenic and hypertension (10). Elevated blood pressure has been
observed among women of child bearing age; exposed to arsenic via drinking water in Inner
Mongolia, China. Mean systolic and diastolic pressure rose 6.83 mm Hg (95% CI 5.39, 8.27) and
3.08 mm Hg (95% CI 1.84, 4.31), respectively in individuals with the highest quartile of water
arsenic concentration (>100 pg/L) compared to lowest quartile (<20 pg/L) (11). Another recent
study from the same place has reported an association between long-term arsenic exposure and
increased risk of hypertension. The prevalence of hypertension was raised nearly 2-fold in the
high exposure group (>50 pg/L) compared to low the low exposure group (<10 pg/L) and the
association is dose dependent (12). Elevation of pulse pressure has been found to be associated
with long term arsenic exposure in drinking water in Bangladesh and the relationship was dose
dependent (13). Evidence from a meta-analysis of several epidemiological studies in different
countries shows an association between long term exposure to high concentration of arsenic and

cardiovascular disease (14).

There is growing evidence that early life exposure to environmental toxicants increase the risk of
developing a wide range of chronic diseases in adults. Exposure to high levels of arsenic in utero
and/or early childhood has been implicated with increased risk of morbidity and mortality from
various malignant and non-malignant illnesses in adults (15-18). Young adult males aged 3049
years who were exposed to arsenic in prenatal and early life had more than three times increased
rate of mortality from acute myocardial infarction (19). A recent study in Bangladesh has
reported a modest increase in blood pressure among the children aged 4.5 years with pre and
postnatal exposure to arsenic through drinking water (20). Several studies documented the
association between arsenic and elevated blood pressure in adults (6, 13, 21) but so far we know,

this is the only study that evaluated the impact of early life arsenic exposure on blood pressure in
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children (20). No studies look at the effects of early life arsenic exposure on blood pressure in
older children and adolescents. Thus we planned to investigate the effects of early life arsenic
exposure on blood pressure among children and adolescents with detailed and individual arsenic

exposure level in drinking water.

Methods

The study was conducted in Matlab, a sub-district around 55 km southeast of the capital city,
Dhaka. An exposed sub-cohort of 110 children with early life arsenic exposure ((>400 pg/L) and
another unexposed sub-cohort of 110 children with low exposure (<10 pg/L) were selected from
a cohort of 600 children having lifetime arsenic concentration status. Of the two sub-cohorts,
107 exposed and 93 unexposed subjects participated in this follow up study. Details of

participants’ selection and arsenic exposure assessment were described in chapter two.

Anthropometric and Blood Pressure Measurement

Height and weight was taken for all participants before blood pressure measurement. Standing
height was taken using a locally made wooden height stick to the nearest 0.1 cm and weight was
measured using a bathroom scale to the nearest 100gm. Blood pressure was measured by a
trained physician using a standard mercury sphygmomanometer in sitting position. Paediatric
cuffs with appropriate size and a standard adult cuff were used for children and young adults
respectively. Systolic blood pressure was defined by the onset of the first Korotkoff sound (K1)
and diastolic blood pressure was marked as the disappearance of Korotkoff sounds or fifth
Korotkoff sound (K5, the last sound heard). Two readings were taken at 5 minutes interval and
the average value was taken as the participant’s blood pressure (22). For the participants age
below 18 years, blood pressure was converted into percentile based on age, height and sex and
prehypertension was defined either SBP (systolic blood pressure) and/or DBP (diastolic blood
pressure) fell between 90™ to 95™ percentile or blood pressure was >120/80 mmHg irrespective
of percentiles. Hypertension was defined as average SBP and/or DBP that was greater than or
equal to 95th percentile for sex, age, and height (23). For subjects aged 18 years and above,
prehypertension was defined if SBP fell between 120-139 mmHg and/or DBP 80-89 mmHg and
participants were categorized as hypertensive if they had SBP >140 mmHg and/or DBP >90
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mmHg (24). We got only two hypertensive cases and as the number was very few, we included

them in the prehypertension group for further analysis.

Ethical Consideration

The study was approved by the institutional review board of the University of California,
Berkeley and icddr,b. Informed written voluntary consent was taken from the participants 18
years and above. For the younger subjects both assent of the participants and consent from a
parent or guardian was taken. Participants and parents were explained regarding the objectives of
the study, risk/benefits, confidentiality and rights of withdrawing from the study even after

giving consent.

Analysis

To compare the general characteristics and socio-demographic characteristics between the low
and high exposure group, univariate analysis was done using chi-square and Fisher’s exact test.
Mean differences in systolic, diastolic and pulse pressure between the two groups was assessed
by student’s t-test. A multiple logistic regression was conducted to estimate the odds ratio with
95% confidence interval for prehypertension. We first adjusted for age, sex and BMI and then
father’s smoking, and number of rooms in the house was included in the model. Age and BMI

were inserted as continuous variables.

Results

Of the total 200 cohort subjects enrolled in the study, 105 (52.5%) were male and rest 95
(47.5%) were female. The mean age of the participants was 14.9 (+2.8) years. General
characteristics and socio-demographic events of the study subjects by exposure are presented in
table 4.1. Among the participants, 107 (53.5%) were in the high arsenic (>400ng/L) exposure
group and 93 (46.5%) were in the low (<10pg/L) exposure group. Variables like sex,
respondent’s educational status, number of rooms in the household did not show any significant
differences between two groups. Children with high Body mass index (BMI) were more frequent
in the high exposure group (51.5% vs 48.5%). Participants having parents with secondary and
higher degrees were found to fall more into low exposure category (38.7% and 53.8% Vs 18.7%

53



and 19.6% maternal and paternal education respectively). Dwellers of better housing condition

i.e. other than mud were found more in lower exposed group (21.5% Vs 5.6%).
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Table 4.1: Socio-demographic characteristics of study subjects

Characteristics Total Low Exposure High Exposure P-value
n (%) Status<10 pug/l n (%)  Status>400ug/l n (%)

Sex
Boys 105 (52.50) 44 (47.31) 61 (57.01) 0.171
Girls 95 (47.50) 49 (52.69) 46 (42.99)

Age (years)
11-13 72 (36.00) 40 (43.01) 32(29.91) 0.032
14-16 80 (40.00) 38 (40.86) 42 (39.25)
17-22 48 (24.00) 15 (16.13) 33 (30.84)

BMI
<18.5 145 (72.50) 70 (75.27) 75 (70.09) 0.414
>=18.5 55 (27.50) 23 (24.73) 32(29.91)

Education (years)
No 24 (12.00) 8 (8.60) 16 (14.95) 0.533
1-5 46 (23.00) 23 (24.73) 23 (21.50)
6-10 117 (58.50) 55 (59.14) 62 (57.94)
11-13 13 (6.50) 7 (7.53) 6(5.61)

No. of family members
2-4 69 (34.50) 33 (35.48) 36 (33.64) 0.772
5-6 95 (47.50) 46 (49.46) 49 (45.79)
7-8 22(11.00) 9 (9.68) 13 (12.15)
9+ 14 (7.00) 5(5.38) 9(8.41)

Mother’s education
No education 57 (28.50) 23 (24.73) 34 (31.78) 0.007
Primary 87 (43.50) 34 (36.56) 53 (49.53)
Secondary and above 56 (28.99) 36 (38.71) 20 (18.69)

Father’s education
No education 61 (30.50) 25 (26.88) 36 (33.64) <0.001
Primary 68 (34.00) 18 (19.35) 50 (46.73)
Secondary and above 71 (35.50) 50 (53.76) 21 (19.63)

Type of house
Mud 174 (87.00) 73 (78.49) 101 (94.39) 0.004
Mixed 6 (3.00) 5(5.38) 1(0.93)
Concrete 17 (8.50) 13 (13.98) 4(3.74)
Tin 3 (1.50) 2(2.15) 1(0.93)

Rooms in the house
1 12 (6.00) 6 (6.45) 6(5.61) 0.954
2 64 (32.00) 28 (30.11) 36 (33.64)
3 96 (48.00) 46 (49.46) 50 (46.730
4+ 28 (14.00) 13 (13.98) 15 (14.02)

Father smokes
Yes 116 (58.00) 47 (50.54) 69 (64.49) 0.046
No 84 (42.00) 46 (49.46) 38 (35.51)

Blood Pressure Status
Normal 167 (83.5) 82 (88.17) 85(79.44) 0.070%*
Prehypertension 33 (16.5) 11(11.83) 22 (20.56)

*1-tailed P value obtained by Fisher’s exact test
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Overall prehypertension prevalence was 16.5%; Children and adolescents in the high exposure
group had a higher prevalence (20.6%) compared to those in the low exposure sub-cohort

(11.8%); 1-tailed p=0.070.

Mean systolic and diastolic pressure were slightly higher in the high exposure group compared to
the low exposure sub-cohort (103.0£11.9 vs. 101.749.9 and 64.2+7.4 vs. 63.04£5.07 respectively
(95% CI: -4.3-1.8; p=0.42) (Table 4.2). The difference is more pronounced in female subjects.
Mean systolic blood pressure in females was 101.4+9.4 mm Hg and 99.7+9.2 mmHg (95% CI: -
5.5-2.1; p=0.37) and mean diastolic blood pressure was 64.2+6.8 mmHg and 62.5+4.7 mmHg
(95% CI: -4.1-0.7; p=0.17) in the high and low exposure groups respectively. In contrast, male
respondents did not show differences in mean systolic blood pressure 104.1+13.5 mm Hg and
104.0+£10.4 mmHg (95% CI: -5.0-4.7; p=1.0) and mean diastolic blood pressure was 64.2+7.9
mmHg and 63.6+5.4 mmHg (95% CI: -3.2-2.0; p=0.65) between the high and low exposure

groups.

Table 4.2: Mean SBP, DBP and Pulse pressure between low and high level of As exposure group

Low Exposure High Exposure

p- value (95% CI for

Characteristics Status<10 pg/l; Status>400ng/l ;
mean difference)
Mean (SD) Mean (SD)

SBP 101.72(9.93) 102.96 (11.89) 0.42 (-4.28, 1.80)
Male 104.0 (10.38) 104.1 (13.45) 0.95 (-4.96, 4.66)
Female 99.69 (9.15) 101.4 (9.35) 0.37 (-5.49, 2.05)

DBP 63.04(5.07) 64.21(7.41) 0.19 (-2.92, 0.59)
Male 63.64 (5.43) 64.23 (7.92) 0.65 (-3.18, 1.99)
Female 62.51 (4.72) 64.17 (6.75) 0.17 (-4.06, 0.73)

Pulse Pressure 38.68(8.52) 38.76(9.55) 0.95 (-2.62, 2.46)
Male 40.34 (8.72) 39.90 (10.17) 0.82 (-3.32, 4.20)
Female 37.18 (8.13) 37.24 (8.52) 0.97 (-3.45, 3.34)
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Multiple logistic regression (Table 4.3) was done between prehypertension and arsenic exposure
status. The prevalence odds ratio (POR) for prehypertension was 1.44 (95% CI: 0.6-3.6; p=0.21)
in the high arsenic exposure group compared to the low exposure when adjusted for age, sex and
BML. It rose to 1.68 (95% CI: 0.7-4.4; p=0.14) when more variables like fathers’ smoking status
and number of rooms in the house were adjusted. When stratified by sex, the effect was much
more pronounced in females with nearly a 4-fold increased risk of developing pre-hypertension
(POR=3.93, 95% CI: 0.8-19.6, p=0.05), whereas in males it was not increased at all (POR=0.85,
95% CI: 0.2-3.2, p=0.60).

Table 4.3: Results from multiple logistic regression analysis of prehypertension*** and
early life arsenic exposure status (400+ pg/L compared to less than 10 pg/L)

Age, Sex and BMI More Variables
Blood Pressure Adjusted P value** Adjusted* P value®*
Status
POR( 95% CI) POR( 95% CI)
Prehypertension
All 1.44 (0.58, 3.58) 0.21 1.68 (0.65, 4.35) 0.14
Male 0.72 (0.21, 2.52) 0.70 0.85(0.23, 3.15) 0.60
Female 3.24 (0.71, 14.78) 0.06 3.93 (0.79, 19.6) 0.05

* Adjusted for age, sex, BMI, father’s smoking status and rooms in the house
** One-tailed
*#* Prehypertension was defined earlier in method section under blood pressure measurement
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Discussion

This is the first study that investigated the effects of early life arsenic exposure on blood pressure
in children and adolescents. We found an association between early life exposure to high
concentration of arsenic in drinking water and elevated blood pressure classified as
prehypertension in females only. Children and adolescents with early life exposure to arsenic
more than 400 pg/L were 1.68 times at risk of developing prehypertension (POR=1.68 (95% CI:
0.6-3.6; p=0.21). However, the effect was more pronounced in girls who had a nearly four-fold

increased risk of having prehypertension.

No studies so far reported sex specific blood pressure effects in individuals exposed to arsenic
through drinking water. However, a few studies reported that long term arsenic exposure
increases the risk of cardiovascular disorders in females (25, 26). Chen et, al. found that chronic
exposure to arsenic through drinking water increased the risk of developing QT-interval
prolongation in women. Adjusted Odds Ratios (ORs) of QT-interval prolongation in women was
1.24 (95% CI: 1.05, 1.47) and 1.24 (95% CI: 1.01, 1.53) for a 1-SD increase in baseline drinking
water and urinary arsenic, respectively (25). Similarly, Mumford et.al. reported susceptibility of

women to QT interval prolongation compared to men when chronically exposed to arsenic (26).

Chronic exposure to arsenic via drinking water has been associated with increased risk of
elevated blood pressure in adults in different countries including Bangladesh (6, 9, 10, 27). A
systematic review found a pooled odds ratio for hypertension of 1.27 (95% CI: 1.09, 1.47) in
exposed individuals with average arsenic concentration >50ug/L (28). A recent longitudinal
study in Bangladesh has reported a link between arsenic exposure from drinking water and
changes in blood pressure over the years. Individuals with the highest concentration of water
arsenic at baseline had 0.48 and 0.39 mmHg greater annual increase for systolic and diastolic
blood pressure respectively (29). A cohort study in Bangladesh found that children exposed to
arsenic during their prenatal life showed a mild increase in blood pressure at the age of 4.5 years.
Arsenic exposure was measured by arsenic concentration in mother’s urine and 1 mg/L increase
in maternal urinary arsenic was associated with 3.7 mm Hg and 2.9 mm Hg increase in mean
systolic and diastolic pressure respectively (20). Another recent study among children 3-8 years
old in Mexico also found an association between early arsenic exposure and elevated blood

pressure in childhood. For each 1-ug/mL increase in total arsenic measured in urine (U-tAs) was
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associated with 2ImmHg (95% CI: 4, 37; p=0.015) increase in systolic blood pressure and 13
mmHg (95% CI: 2, 24, p=0.023) in diastolic blood pressure (30).

The mechanism of arsenic induced hypertension is not well established. However, several
epidemiological studies suggested that arsenic in drinking water increases the risk of various
cardiovascular disorders (2, 5, 25, 31, 32). Early life exposure to arsenic has also been reported
to increase mortality from myocardial infarction in young adults in Chile (19). An ecological
study in an arsenic endemic village in south-western Taiwan found a dose-response relationship
between high levels of arsenic exposure (700-930 pg/L) and carotid atherosclerosis, defined
based on carotid artery intima-media thickness and carotid plaque (33). Increased risk of carotid
atherosclerosis has been observed in north-eastern Taiwan with low to moderate arsenic
exposure and the adjusted prevalence odds ratio (POR) for carotid atherosclerosis was 2.6 (95 %
confidence interval [CI] 1.3-5.0) among the highest exposure group (>100 pg/L) compared to
the lowest (<50 pg/L) (34).

Endothelial dysfunction is considered to be one of the most convincing mechanisms in arsenic
induced cardiovascular diseases including hypertension (35). Chronic inflammation is considered
another mechanism for developing cardiovascular disorders and exposure to arsenic has been
found to be associated with chronic vascular inflammation (36). Arsenic induced oxidant stress
and increase production of reactive oxygen species (ROS) might also have a role in
cardiovascular toxicity (37, 38). Inorganic arsenic has been found to be associated with increased
plasma low density lipoprotein (LDL) and C-reactive protein (CRP) (39). Arsenic impairs
endothelial function by increasing calcium influx in the cell (40). Prenatal exposure to arsenic
induces atherosclerotic changes in ApoE knockout mice and postnatal and exposure accelerates

atherosclerosis, oxidative stress and vascular inflammation (41, 42).

One of the strengths of the current study is the individual assessment of drinking water arsenic

exposure levels since early life including change in exposure over time.

A limitation of the study is absence of information of intake of arsenic from food and other
sources. However with the arsenic water concentrations in this study, drinking water is the

overwhelming source of arsenic exposure.
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Conclusion

Our study found that early life arsenic exposure increased the risk of developing prehypertension
in female children and adolescents. Since millions of people including pregnant women are
drinking arsenic contaminated water, a modest risk of prehypertension could have substantial
long term health effects. Exposure needs to be prevented anyway, and exposure in early life

should be a high public health priority.
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Chapter 5

Effects of early life arsenic exposure on renal function in
children and adolescents in rural Bangladesh

Abstract

Background

Long term exposure to elevated arsenic in drinking water has been reported to increase the risk
of chronic kidney disease in adults. However, information on renal effects of arsenic in children
and adolescents exposed to inorganic arsenic in their early life is very limited. We therefore
assessed renal function in children and adolescents with early life arsenic exposure in rural
Bangladesh, in what we believe is the first study involving older children over age 11 and

adolescents.

Methods

As described in chapter 2, the study was done in Matlab, a sub-district of Bangladesh.
Participants were selected from a previously conducted population based survey of 166,934
residents in Matlab. A total of 600 children aged 7-17 years were selected from this survey, with
110 subjects having early life arsenic exposure over 400ug/L and another 110 having less than
10pg/L. These two sub-cohorts of children were invited to participate in further follow-up in the
current prospective cohort study. Of them, 107 exposed and 93 unexposed subjects agreed and
enrolled in this study. Serum beta- 2-microglobulin (2MG), considered a marker of early renal
injury, was determined by the Immunoturbidimetric assay. Participants were categorized having
normal or elevated B2MG based on the age and sex specific normal reference values. The
estimated Glomerular Filtration Rates (eGFR) were calculated from serum B2MG for easy

interpretation of renal function.
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Results

Participants with high early life arsenic exposure (>400ug/L) had nearly 2-fold higher risk of
elevated B2MG compared to those exposed to low (<10 pg/L) [odds ratio (OR) =1.98; 95%
Confidence interval (CI): 1.12-3.49; p=0.010] in an adjusted model. The effect was more
pronounced in girls (OR=3.02, 95% CI: 1.29-7.10; p=0.006) with little evidence in boys
(OR=1.36, 95% CI: 0.62-3.00; p=0.222). Likewise, the odds ratio (OR) for reduced eGFR (<95
mL/min/1.73 m2) increased nearly 2-fold in exposed children [OR=1.81; 95% Confidence
Interval (CI): 0.97 to 3.37, p=0.031] after adjustment. The effect was largely confined to females
(OR=2.89; 95% CI: 1.13, 7.38, p=0.013) with little evidence in males (OR=1.29; 95% CI: 0.53,
3.14, p=0.288).

Conclusions

We found evidence of reduced kidney function as indicated by elevated serum B2MG and
reduced eGFR and the effect was more pronounced in female children and adolescents who had
been exposed to high arsenic concentrations in their early life. We plan to follow all these

children to assess the progression of changes as they become older.
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Introduction

Long term exposure to arsenic via drinking water is a major public health concern worldwide.
Millions of people throughout the world particularly in Bangladesh, West Bengal, Taiwan,
Nepal, and Mongolia are chronically exposed to arsenic-contaminated drinking water (1).
Prolonged exposure to high concentrations of arsenic has been found to be associated with
increased risk of malignant and non-malignant renal diseases (2-6). Studies in high arsenic
endemic areas in southwestern Taiwan have reported increased risk of death from renal cancer
and other kidney diseases (7, 8). Mortality from malignant and non-malignant kidney diseases
tended to decline after installation of new water supplies and reduction of arsenic concentrations
in drinking water; supporting a causal relationship between chronic exposure to arsenic and
chronic renal disease (9, 10). A recent study in Northern Chile has reported an elevated risk of
cancers of the kidney and ureter following long term exposure to high levels of arsenic in
drinking water, and the association was dose dependent (11). An increased prevalence of renal
diseases has been observed in arsenic endemic areas in Taiwan. After controlling for age and
sex, there was nearly 3-fold increase in renal diseases among the diabetic and 1.5 times increase
in non-diabetic people in endemic area compared to diabetic and non-diabetic residents in non-

endemic area (12).

Chronic exposure to elevated levels of arsenic in drinking water has been linked to impaired
renal function. A study in an adult population in Bangladesh with wide range of exposure to
arsenic from drinking water has reported a dose response relationship between concentration of
arsenic in well water and the prevalence of proteinuria (13). Elevated urinary beta2
microglobulin has been observed in a population co-exposed to arsenic and cadmium in China
(14). A recent review has documented a positive association between arsenic and chronic kidney
diseases which was more evident in populations exposed to high levels of arsenic in drinking

water (15).

Emerging evidence from Chile suggests that early life exposure to arsenic through drinking
water increases risks of both malignant and non-malignant renal disease in adulthood. In
Antofagasta, Chile, mortality from chronic renal diseases including renal failure was increased
around 2-fold [SMR=2.0; 95% confidence Interval (CI): 1.5 to 2.8] in young adults, born just
before or during the high-exposure period of 1958-1970 (16). A recent study in Chile has
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reported a 7-fold rise in death from kidney cancer [SMR=7.1; 95% Confidence Interval (CI): 3.1
to 14] in young adults aged 30-39 years exposed to high concentration of arsenic in the prenatal
period and/or early childhood (17). However, few studies have investigated the effects of early
life arsenic exposure on kidney function in children and adolescents and the findings are
inconsistent. A prospective study in Bangladesh has reported mild impairment in renal function,
measured by estimated glomerular filtration rate (¢GFR) in children 4.4-5.4 years old. Urinary
arsenic in utero at 8 weeks of gestation and during infancy was negatively associated with
(eGFR) (18). However, a recent paper on the same cohort of children but using cross-sectional
data on outcome and exposure did not observe a relationship of arsenic in urine with renal
function (19). Here we present our findings in older children and adolescents assessing those

who had been exposed to high water arsenic concentrations in early life.

Methods

As described in chapter 2, the study was conducted in rural Bangladesh, Matlab around 55 km
southeast of the capital city, Dhaka. Participants were previously selected from a population
based survey of all 166,934 residents in sub-district of Matlab. A total of 600 children were
selected from this survey, with 107 having early life exposure to arsenic concentrations over
400pg/L and 93 having less than 10 pg/L arsenic exposure in early life. These two sub-cohorts
of children were enrolled in further follow-up in the current prospective cohort study. Further
details of participant selection and arsenic exposure assessment have been described in chapter
two. To assess renal function impairment at the early stage we measured serum beta-2
microglobulin (B2MG), which is considered as one of the most sensitive biomarkers in detecting
early renal toxicity in occupational or environmental exposure to arsenic and other heavy metals
(14, 20). Blood samples in our study were collected aseptically and processed and stored at -86°
C and transported on dry ice to Dhaka for analysis. f2-microglobulin was determined by the
Immunoturbidimetric assay using Roche automated clinical chemistry analyzers Hitachi-902
(Roche, Germany). The lower detection limit of the test was 0.03 mg/L and the measurement
range was (0.2-5.80) mg/L (21). Participants were categorized into normal and elevated f2MG
groups based on individual age and sex specific normal reference values of serum [3-2

microglobulin from a study on Japanese children aged 1-16 years, (Table 5.1) (22). As we didn’t
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find age and sex specific reference values for the participants aged 17-22 years, we used the cut

off value forl6 years.

Table 5.1: Median, 2.5™ percentile, and 97.5™ percentile of serum P2MG reference value in

each age group according to sex

Age All subjects Boys Girls
n 25% 50% 97.5% n 25% 50% 97.5% n 25% 50% 97.5%

3-5 months 21 1.5 1.8 32 17 1.5 1.8 3.2 4 1.6 1.8 2.1
6-8 months 18 1.4 1.82 2.6 14 1.4 1.9 2.6 4 1.6 1.6 2.3
9-11 29 1.3 1.72 33 15 1.3 1.7 33 14 1.3 1.8 3.2
months

1 year 69 1.4 1.72 3.1 32 1.4 1.7 32 37 1.2 1.6 3.0
2 years 73 1.0 1.5 2.5 40 1.0 1.5 2.2 33 1.0 1.5 34
3 years 85 1.0 1.5 2.3 46 1.1 1.5 2.3 39 1.0 1.5 2.4
4 years 78 1.1 1.4 2.5 42 1.0 1.4 2.1 36 1.1 1.4 3.1
5 years 94 1.1 1.4 23 46 1.1 1.5 2.7 48 1.0 1.4 2.2
6 years 101 1.1 1.4 2.3 43 1.1 1.4 2.4 58 1.0 1.5 2.3
7 years 83 1.0 1.4 2.1 36 0.9 1.3 2.1 47 1.0 1.4 2.2
8 years 55 1.0 1.4 2.5 19 1.0 1.4 1.8 36 1.0 1.4 23
9 years 37 1.0 1.4 2.1 18 1.1 1.4 1.8 19 1.0 1.4 2.1
10 years 42 0.9 1.3 1.9 11 1.1 1.4 1.6 31 0.9 1.3 1.9
11 years 58 1.0 1.3 23 19 1.1 1.3 2.1 39 1.0 1.2 2.4
12 years 69 1.0 1.3 1.8 14 1.2 1.3 1.5 55 0.9 1.3 1.9
13 years 68 1.0 1.3 1.8 30 1.0 1.4 2.0 38 1.0 1.2 1.5
14 years 57 0.9 1.3 2.0 17 1.1 1.4 2.0 40 0.9 1.2 1.7
15 years 35 0.8 1.2 1.8 15 0.8 1.2 1.8 20 0.8 1.1 1.7
16 years 59 0.8 1.2 1.8 30 0.8 1.2 1.8 29 0.8 1.1 1.4
All ages 1311 1.0 1.4 2.3 504 1.0 1.4 2.3 627 1.0 1.4 2.3

* p<.0001 in comparison to the mean value in all subjects

[Reproduced from Ikezumi et, al. 2013]
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Estimated glomerular filtration rate (¢GFR) was calculated by using the formula (eGFR =
149*(1/serum B2 microglobulin in mg/L) + 9.153) and categorized into two; normal (>95
mL/min/1.73 m2) and reduced (<95 mL/min/1.73 m2) based on a recent study in Japan (23).
GFR is commonly considered the best index of overall kidney function and may be useful in

assessing any decline in renal function at early stage (24, 25).

Ethical Consideration

The institutional review board of the University of California, Berkeley and icddr,b approved the
study. Participants and their parents were informed about confidentiality and were assured that,
irrespective of their participation in this study, they would receive same health care from icddr,b.
They were informed that their participation was voluntary and they were also assured that they
could withdraw from the study at any time. For subjects 11 to 17 years of age, parents or
guardians along with the participants were informed about the study along with its anticipated
risks and were asked for consent and assent respectively. For older subjects aged over 18 years,
voluntary informed written consent was taken explaining the risk/benefits, confidentiality and

right of withdrawing from the study at any point.

Statistical Analysis

Data were analyzed using STATA 13 (Stata Corporation, College Station, TX, USA). We
performed Fisher’s exact test to compare the dichotomous kidney function parameters (f2MG
and eGFR) between the high and low arsenic exposure groups separated by sex. Multiple logistic
regression analysis of B2MG and eGFR stratified for sex was done to assess the effect of arsenic

exposure on renal function.

Results

In total, 200 participants aged 11 to 22 years participated in the study. Their mean age was 14.9
(£2.8) years. Socio-demographic characteristics of the participants are presented in table 5.1. Of
the total 200 subjects, 105 (52.5%) were male and 95 (47.5%) were female. Out of 200
respondents, 107 (53.5%) were in the high arsenic exposure group (>400pg/L) and 93 (46.5%)

were in the low exposure group (<10ug/L). Respondents residing in houses built with mud were
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more likely to consume water containing high concentrations of arsenic. Factors like BMI,
participant educational status, and number of rooms in the household did not show marked

differences between two groups. Father’s smoking was higher in the exposed group.
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Table 5.2: Socio-demographic characteristics of study subjects

Characteristics Total Low Exposure High Exposure P-value
n (%) Status<10 pg/l n(%)  Status>400pg/l n (%)
Sex
Boys 105 (52.50) 44 (47.31) 61 (57.01) 0.171
Girls 95 (47.50) 49 (52.69) 46 (42.99)
Age (years)
11-13 72 (36.00) 40 (43.01) 32(29.91) 0.032
14-16 80 (40.00) 38 (40.86) 42 (39.25)
17-22 48 (24.00) 15 (16.13) 33 (30.84)
BMI
<18.5 145 (72.50) 70 (75.27) 75 (70.09) 0.414
>=18.5 55 (27.50) 23 (24.73) 32(29.91)
Education (years)
No 24 (12.00) 8 (8.60) 16 (14.95) 0.533
1-5 46 (23.00) 23 (24.73) 23 (21.50)
6-10 117 (58.50) 55(59.14) 62 (57.94)
11-13 13 (6.50) 7(7.53) 6 (5.61)
No. of family members
2-4 69 (34.50) 33 (35.48) 36 (33.64) 0.772
5-6 95 (47.50) 46 (49.46) 49 (45.79)
7-8 22(11.00) 9 (9.68) 13 (12.15)
o+ 14 (7.00) 5(5.38) 9(8.41)
Mother’s education
No education 57 (28.50) 23 (24.73) 34 (31.78) 0.007
Primary 87 (43.50) 34 (36.56) 53 (49.53)
Secondary and above 56 (28.99) 36 (38.71) 20 (18.69)
Father’s education
No education 61 (30.50) 25 (26.88) 36 (33.64) <0.001
Primary 68 (34.00) 18 (19.35) 50 (46.73)
Secondary and above 71 (35.50) 50 (53.76) 21 (19.63)
Type of house
Mud 174 (87.00) 73 (78.49) 101 (94.39) 0.004
Mixed 6 (3.00) 5(5.38) 1(0.93)
Concrete 17 (8.50) 13 (13.98) 4(3.74)
Tin 3 (1.50) 2 (2.15) 1(0.93)
Rooms in the house
1 12 (6.00) 6 (6.45) 6 (5.61) 0.954
2 64 (32.00) 28 (30.11) 36 (33.64)
3 96 (48.00) 46 (49.46) 50 (46.730
4+ 28 (14.00) 13 (13.98) 15 (14.02)
Father smokes
Yes 116 (58.00) 47 (50.54) 69 (64.49) 0.046
No 84 (42.00) 46 (49.46) 38 (35.51)
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Table 5.2 displays a comparative picture of two renal function parameters between low and high
arsenic exposure groups. Participants with high arsenic exposure were more likely to have
elevated serum B2MG and the effect was particularly evident in girls. Likewise, the chance of
reduced eGFR was found to be more in high arsenic exposure females, but the effect was little in

males.

Table 5.3: Comparative figure showing p2MG (age & sex specific) and eGFR status
between low and high arsenic exposure groups

Low Exposure High Exposure

HoTell o Total Status<10 pg/l  Status>400ugn  © U
parameters n (%) n (%) n (%)
P2MG status
Normal 88 (44.0) 49 (50.7) 39 (36.5) 0.015
Elevated 112 (56.0) 44 (47.3) 68 (63.6)
eGFR status
Normal 83 (41.5) 45 (48.4) 38 (35.5) 0.045
Reduced 117 (58.5) 48 (51.6) 69 (64.5)
Boys
B2MG status
Normal 46 (43.8) 21 (47.7) 25 (41.0) 0.313
Elevated 59 (56.2) 23 (52.3) 36 (59.0)
eGFR status
Normal 30 (28.6) 14 (38.8) 16 (26.2) 0.341
Reduced 75 (71.4) 30 (68.2) 45 (73.8)
Girls
P2MG status
Normal 42 (44.2) 28 (57.1) 14 (30.4) 0.008
Elevated 53 (55.8) 21 (42.9) 32 (69.6)
eGFR status
Normal 53 (55.8) 31 (63.3) 22 (47.8) 0.095
Reduced 42 (44.2) 18 (36.7) 24 (52.2)
*One-tailed
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Table 5.3 presents multiple logistic regression findings for elevated P2MG. Participants with
early life arsenic exposure >400ug/L had nearly 2-fold risk of elevated f2MG compared to low
exposure group [OR=1.94; 95% Confidence Interval (CI): 1.10-3.42; p=0.011] in unadjusted
model. Adjustment for BMI did not bring about any major change (OR=1.98; 95% CI: 1.12-
3.49; p=0.010). The effect was more profound in female participants (OR=3.02, 95% CI: 1.29-
7.10; p=0.006) with little evidence in boys (OR=1.36, 95% CI: 0.62-3.00; p=0.222).

Table 5.4: Multiple logistic regression analysis of elevated p2MG (age and sex specific) and
early life arsenic exposure status (400+ pg/L. compared to less than 10 pg/L)

Elevated p2MG gl;l_(‘zdsj;: t(e;ll) P value** ORA(délgf/t egl)* P value**
All 1.94 (1.10, 3.42) 0.011 1.98 (1.12, 3.49) 0.010
Male 1.31 (0.60, 2.87) 0.246 1.36 (0.62, 3.00) 0.222
Female 3.05(1.31, 7.10) 0.005 3.02(1.29, 7.10) 0.006

* Adjusted for BMI; elevated p2MG was defined based on age and sex specific normal reference values.
** One-tailed

Multiple logistic regression (Table 5.4) shows that in the unadjusted model, the children and
adolescents with early life arsenic exposure >400ug/L had more than 1.5 times risk of reduced
eGFR (<95 mL/min/1.73 m* compared to the low exposure group [OR=1.70; 95% Confidence
Interval (CI): 0.97-3.00; p=0.033]. The risk was nearly 2-fold after adjustment for age, sex and
BMI (OR=1.81; 95% CI: 0.97-3.37; p=0.031). The effect was largely confined to female
participants (OR=2.89, 95% CI: 1.13-7.38; p=0.013).
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Table 5.5: Multiple logistic regression analysis of eGFR<95 mL/min/1.73 m’ and early life
arsenic exposure status (400+ pg/L compared to less than 10 pg/L)

Reduced eGFR (<95 Un-adjusted Adjusted

*ok ok
ml/min/1.73 m) OR(95% Cr)  © VU™ R (950, cryx T value
All 170 (0.97, 3.00) 0033 1.81(097,337)  0.031
Male 131 (0.56, 3.08) 0266  1.29(0.53,3.14)  0.288
Female 1.88 (0.83, 4.26) 0.066  2.89(1.13,7.38)  0.013

* Adjusted for age, sex, BMI
** One-tailed

Discussion

To the best of our knowledge, this is the first study evaluating renal function in older children
over age 11 and adolescents with high water arsenic exposure in their early life. We found
modest reduction in renal function. Children and adolescents with an early life arsenic exposure
level of >400 pg/L had nearly 2-fold higher risk of elevated f2MG and reduced eGFR after

adjustment for potential confounders. The effect was largely confined to female participants.

Chronic exposure to arsenic via drinking water has been linked to chronic kidney diseases in
adults (6, 26, 27). A study in Taiwan reported an association between urinary arsenic
concentrations and decrements in renal function assessed by two parameters, B2MG and eGFR.
After adjustment for potential confounders, the odds for abnormal B2MG (> 0.154 mg/L) and
reduced eGFR < 90 mL/ min/ (1.73 m2) was increased around 2 times in subjects with urinary
arsenic >75 pg/g creatinine compared to <35ug/g creatinine, and the relationship was dose-
dependent (28). Elevated risk of proteinuria, a marker of renal function has been observed in an
adult population in Bangladesh exposed to wide range of arsenic from drinking water. Adjusted
prevalence odds ratios (PORs) for proteinuria were 1.00 (reference group), 1.01 [95% confidence
interval (CI): 0.79-1.31], 1.33 (95% CI: 1.04-1.70), 1.54 (95% CI: 1.22-1.96), 1.65 (95% CI:
1.31-2.09) (P for trend <0.01) for the well water arsenic levels <7, 8-39, 40-91, 92—-179 and
180-864 ng/l respectively (13).

A recent cross-sectional study on adults in an arsenic endemic area in Bangladesh reported

marginal inverse association between total urinary arsenic (uAs) and serum cystatin C derived
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eGFR. The mean difference in eGFR was -2.55 ml/min/1.73 m® (b=-2.55, p=0.08) per unit

increase in total uAs (29).

Increased mortality from chronic kidney diseases including renal failure has been observed in
cohorts exposed to high concentration of (>800 pg/L) in utero or early postnatal life in
Antofagasta, Chile. Death from chronic renal diseases was increased around 2-fold [SMR=2.0;
95% Confidence Interval (CI): 1.5 to 2.8] in young adults aged 30-59 born before or during the
high-exposure period of 1958—-1970 (16)

A prospective study among children in Bangladesh reported a marginally inverse relationship
between early life arsenic exposure and renal function in childhood in the age rang 4.4-5.4 years.
For one unit increase in urinary arsenic at 18 months of age the mean difference for plasma
Cystatin C derived estimated glomerular filtration rate (¢GFR) was -33.4 ml/min/1.73m* ( 95%
CI: -70.2, 3.34; P: 0.08) (18).

However, the mechanism of arsenic induced renal toxicity is not well understood. The kidney
may be a target organ as arsenic is primarily excreted through the kidney, and proximal tubules
may be more sensitive because of their high reabsorptive capacity (30). Prenatal arsenic exposure
in mice has found to induce renal hyperplasia in the offspring during adulthood (31). Mice
exposed to arsenic have shown oxidative stress mediated DNA damage in kidney tissue (32).
Arsenic increases reactive oxygen species (ROS) and induces oxidative stress that may lead to
renal damage by increasing the expression of hemeoxygenase-1 and Mitogen-Activated Protein
Kinases (MAPK) (33). Arsenic induced inflammation (34, 35) oxidative stress (36) and

apoptosis (37) might play a role in renal toxicity.

Conclusion

Our study demonstrated some reduction in renal function in female children and adolescents
exposed to high concentration of arsenic in early life but very little effect in males. Further
studies are needed to confirm renal effects following early life exposure to arsenic in water, and

to explore the puzzling sex differences we found.
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Chapter 6

Summary and Conclusion

This prospective cohort study provides evidence that early life exposure to high concentration of

inorganic arsenic in drinking water is related to respiratory, cardiovascular and renal effects in

children and adolescents. The key findings of my doctoral thesis are presented in the table below.

Table 6.1: Table showing the key findings from the doctoral thesis

Overall

Boys

Girls

Major respiratory
findings

POR (95% CI); P value

*Number of wheezing
attacks (1-3 times)/week

*Wheezing after exercise

*Woken up with
tightness of chest

**FEV1

*AEVC

Blood Pressure findings

*#*Prehypertension

Renal function

*xkx*Elevated P2MG

*****Reduced eGFR

1.51 (0.57-4.00); 0.21

2.13 (0.79-5.73); 0.07

1.58 (0.60-4.13); 0.18

-24.4 (-104.50, 55.7); 0.28

-39.2 (-124.10, 45.6); 0.18

1.68 (0.65-4.35); 0.14

1.98 (1.12, 3.49); 0.010

1.81 (0.97-3.37); 0.03

4.99 (1.00-24.90); 0.03

4.14 (1.05-16.40); 0.02

5.01 (1.00-25.00); 0.02

Co-eff (95% CI); P value

-117.3 (-246.5, 11.8); 0.04

-135.2(269.9, -0.37); 0.02

POR (95% CI); P value

0.85 (0.23-3.15); 0.60

OR (95% CI); P value

1.36 (0.62, 3.00); 0.222

1.29 (0.53-3.14); 0.29

0.31 (0.06-1.79); 0.91

0.64 (0.12-3.40); 0.70

0.42 (0.09-1.98); 0.86

109.2 (27.4, 191.0); 0.99

91.1 (-2.59, 184.7); 0.97

3.93 (0.79-19.6); 0.05

3.02 (1.29, 7.10); 0.006

2.89 (1.13-7.38); 0.01

*Prevalence Odds Ratio (POR) for respiratory symptoms in high arsenic exposure group (>400pug/l) compared to

low (<10pg/1) adjusted for age, sex, father’s smoking status and rooms in the house in a multiple logistic regression

model.
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**Regression co-efficients of lung function parameters in high exposure participants adjusted for age, sex, height,

weight, father’s smoking status and rooms in the house obtained by multiple linear regression.

***Pprevalence Odds Ratio (POR) for prehypertension in the high exposure group compared to the low exposure
group adjusted for age, sex, BMI, father’s smoking status and rooms in the house obtained by multiple logistic

regression.

ki Odds Ratio (OR) for elevated P2MG (age and sex specific) in the high exposure group adjusted for BMI

obtained by multiple logistic regression.

*#*4%*0dds Ratio (OR) for reduced eGFR in the high exposure group adjusted for age, sex, BMI obtained by

multiple logistic regression.

This is the first study that explored the respiratory effects in adolescents with early life exposure.
We found that early life arsenic exposure via drinking water increased the risk of respiratory
symptoms including impairment of lung function in males (Chapter 3). Finding respiratory
effects was expected based on our earlier findings for this cohort obtained about four years ago

(see the paper in the Appendix-7).

In our original cohort study, we had found marked increase in respiratory symptoms in children
exposed to inorganic arsenic in their early life but there was little effect on lung function.
Increased risk of respiratory symptoms was evident both in boys and girls (1). However, the
present study found elevated risks of respiratory symptoms only among males while there was no
effect of early life arsenic exposure among females. Interestingly, we observed reduced lung

function among the male participants which was absent in the original cohort study.

However, we were surprised that there is now no evidence of respiratory effects in girls. This
suggests that with reductions in arsenic exposure, girls may recover from respiratory effects
more rapidly than boys. Although these sex specific findings are somewhat surprising, a number

of studies have reported gender differences in respiratory effects of arsenic (2-6).

However such findings need to be confirmed in other populations, and further follow up of this

cohort will show if respiratory effects persist in boys, and if girls have permanently recovered.

In the first cohort study, we investigated only the respiratory effects in children exposed to
arsenic in early life. However, as there is growing evidence that early life exposure to arsenic

increases the risk of cardiovascular and kidney diseases, the present study intended to identify
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the effects of arsenic exposure through drinking water on blood pressure and renal function in

adolescents.

We found early life arsenic exposure to be associated with prehypertension in girls. After
adjusting for potential confounders, there was an elevated risk for pre-hypertension among girls
exposed to arsenic >400 pg/L in early life (POR=3.93, 95% CI: 0.79-19.6, p=0.05). The effect
was evident only in females as presented in Chapter 4. Contrary to the respiratory effects, this
finding was confined to girls. Girls with early life exposure had a four-fold higher prevalence of
prehypertension compared to girls without early life exposure, but there was no effect in exposed
boys. A couple of studies also reported higher cardiovascular risk among women compared to

men (7, 8). However, this sex specific effect needs to be validated by further studies.

We found modest reduction in kidney function measured by serum B2MG and eGFR in girls
exposed to elevated arsenic concentrations in early life but little effect in boys as presented in
chapter 5. Risk of reduced renal function increased 3-fold in females (OR=3.02, 95% CI: 1.29-
7.10; p=0.006). This finding also needs further evaluation.

If elevated blood pressure can be diagnosed at prehypertension stage, measures could be taken to
prevent further progression to hypertension and cardiovascular morbidity and mortality.
Similarly, if renal function impairment can be detected at the early stage before the substantial
reduction in kidney function, the morbidity and death from chronic kidney diseases might be

prevented.

We plan to follow the full cohort of 600 children to identify early stage respiratory,

cardiovascular, metabolic and renal effects with biomarkers.

To conclude, this study suggests that early life arsenic is associated with long term health
consequences in children and adolescents in rural Bangladesh. Although arsenic mitigation
activities have been in action, a recent nation-wide survey in Bangladesh shows that 20 million
people are still drinking water with an arsenic concentration above the national standard of
50pg/L. If the WHO limit of 10pg/L is considered, the figure would be 45 million, over one-
fourth of the country’s total population (9). A recent study reported that 27% of children in
Matlab are still taking tube well water with arsenic concentration above the national standard

despite intensive mitigation efforts in this area (10).
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Considering the magnitude of arsenic exposure status and the long term health effects, it is
imperative to introduce effective, sustainable and affordable solutions immediately. Even if the
exposure is stopped now and people switch to safe water, this generation might have to face
latent effects of early life exposure, but the next generation would be free from arsenic induced
health hazards. However, if we fail to control the exposure right now, we would allow future
generations to be at risk of population-wide chronic morbidity and mortality (9). Although
drinking water from deep tube-wells has been considered an immediate solution, evidence
suggests that mere installation of deep tube-wells is not sufficient to reduce wide spread
exposure for long periods (11). National and international stakeholders should come forward
with a robust and pragmatic plan to mitigate arsenic contamination in Bangladesh on an urgent
basis. We feel it would be useful to make the people aware of the deleterious effects of arsenic

exposure through drinking water and motivate them to switch to safe water immediately.

Arsenic in drinking water is still a prevailing public health concern in rural Bangladesh and

demands national and international attention.
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Appendix

Appendix-1a: Consent form (English)

International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b)
Written Assent Form (For children 11-17 years)

Protocol Number: PR-12012

Protocol Title: Exposure to arsenic in utero and early life and effects on respiratory diseases,
hypertension, diabetes and renal function in children and adolescents in rural Matlab,
Bangladesh”

Principal Investigator: Md Yunus

Purpose of the research

Thank you very much for being in our earlier study. We now have evidence to believe that arsenic in
drinking water may cause various chronic illnesses including chronic lung diseases, hypertension,
diabetes and chronic renal disease. Many studies have looked at the effects of arsenic in drinking
water in adults, but there have been few studies on the impacts of early life exposure on risks of diseases
such as hypertension, chronic renal failure, or pulmonary effects like reduced lung function or respiratory
symptoms in children and adolescents. The purpose of this study is to look at how early life
exposure of arsenic through drinking water affects the lungs, kidney, blood pressure and blood
sugar for participants aged 10 to 20.

Why selected

In our earlier study we looked at 600 children for skin lesions (changes in the skin), chronic
respiratory symptoms including lung function and measured the level of arsenic in their drinking
water. Using the information from that study, we have chosen two groups of children for this
study. Among 300 exposed children, we will select 100 children with highest exposure during
their mother’s pregnancy and in the child’s early life. Another 100 gender and age-matched
children will be randomly selected from the 300 unexposed children. All children chosen for the
study are between 10 and 20 years old. You are within this age range.

What is expected from the participants?

If you agree to be in our study, our Field Research Assistant (FRA) will ask you a list of
questions on your drinking water sources, dietary history, socioeconomic information etc. This
will take place at your home. This might take an hour. You will also be invited to visit Matlab
hospital for about one and a half hours. You would need to come to the hospital without taking
any food in the morning g At the hospital, a trained doctor will take your medical history; carry
out a physical examination including measuring blood pressure and test how well your lung
works. To test your lung function, you will be asked to blow into a tube as hard as you can, like
blowing up a balloon as before. Your skin will also be examined for changes caused by arsenic.
If it seems like there changes to your skin, photographs will be taken of your skin so that other
doctors can see them. Under aseptic precautions, a physician/nurse will take 5 ml (1 teaspoon)
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of venous blood for measuring HbAlc to detect diabetes, serum CC16 (a marker of damage of
lung cells) and B-2 microglobulin (a marker of kidney function). A trained physician/nurse will
also collect secretions from inside of your mouth (inside both cheeks) using a small brush for
collection of cells inside the mouth. We will ask you to give us a 60 ml urine sample for
measurement of arsenic concentration and collection of urothelial cells (mainly cells from the
bladder which are normally present in urine). A spot urinalysis will be done by strip to detect any
presence of protein and sugar Both cells from the mouth (buccal cells) and bladder will be tested
to look for changes due to arsenic. Water samples from the tube wells you used since our last
visit will also be collected to test for arsenic concentrations.

Risk and benefits

The risk from being in this study is very small. A trained doctor will do the physical examination
and the lung function test. The physical exam and lung test will not hurt you. The general
medical examination by a doctor may be beneficial to you. Blood samples will be taken
aseptically; you will just feel slight pain.

There are no benefits to you for being in this study. All costs for travel to the Matlab centre and
the wage loss (Tk-300.00) for that day will be paid for by the study. During the waiting time at
the centre, drinks and snacks will be provided. You will be given “educational materials in a
bag” as a gift for being in the study.

Privacy, anonymity and confidentiality

We would like you to know that none of the information collected from you and your family ,
including information from the physical examination, will be passed on to anybody else. Only
the researchers of this study and Ethical Review Committee will be able to look at the
information. The study records will not have your name on them. Each person will have a code
number and this number will be used instead of the name. Your name or any information that
could be used to identify you (find out who you are) will not be published or shared with anyone
else.

Future use of information

The information collected in this study might be used in the future to continue studying the
health effects of arsenic in water, but again information that could be used to identify you will
not be shared.

Right not to participate and withdraw

Your participation is voluntary. This means that you may choose not to be in the study. You may
also choose to stop being in the study at any time, even after you have said that you want to be in
the study. No matter what you choose, you and other family members will receive the same
quality care at icddr,b facilities. You do not have to answer any question that makes you feel
uncomfortable.

You may ask any question about this study and we shall be happy to answer it. For further
questions you may call Dr. Md Yunus, Principal Investigator of this study (mobile
n0.01713093872) or Dr. Md Al Fazal Khan, Matlab hospital (mobile n0.017130024702). If you
feel that you have been treated unfairly or have been hurt by joining in this study you may also
call M. A. Salam Khan, Assistant coordination Manager, IRB at icddr,b. The phone contact
number of Mr. Khan Rahman is 02- 9886498 (Office) or 02-8860523-32 Ext 3206; Mobile
n0.01711428989.

Do you have any questions? Yes No

Do you agree to be in the study? Yes No
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Now we are inviting you to be in our study. If you agree to be in the study, please show us that

you agree by putting your signature (your name) or your left thumbprint in the space provided
below.

Thank you for your cooperation

Signature or left thumbprint of participant Date
Signature or left thumbprint of the parent/guardian Date
Signature of the PI or his/her representative Date

(Note): In case of representative of the PI, she/he shall put her/his full name and designation and
then sign
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International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b)
Written Consent Form (18-20years)

Protocol Number: PR-12012

Protocol Title: Exposure to arsenic in utero and early life and effects on respiratory diseases,
hypertension, diabetes and renal function in children and adolescent in rural Matlab,
Bangladesh”

Principal Investigator: Md Yunus

Purpose of the research

Thank you very much for being in our earlier study. We now have evidence to believe that arsenic in
drinking water may cause various chronic illnesses including chronic lung diseases, hypertension,
diabetes and chronic renal disease. Many studies have looked at the effects of arsenic in drinking
water in adults, but there have been few studies on the impacts of early life exposure on risks of diseases
such as hypertension, chronic renal failure, or pulmonary effects like reduced lung function or respiratory
symptoms in children and adolescents. The purpose of this study is to look at how early life
exposure of arsenic through drinking water affects the lungs, kidney, blood pressure and blood
sugar for participants aged 10 to 20.

Why selected

In our earlier study we looked at 600 children for skin lesions (changes in the skin), chronic
respiratory symptoms including lung function and measured the level of arsenic in their drinking
water. Using the information from that study, we have chosen two groups of children for this
study. Among 300 exposed children, we will select 100 children with highest exposure during
their mother’s pregnancy and in the child’s early life. Another 100 gender-and age-matched
children will be randomly selected from the 300 unexposed children. All children chosen for the
study are between 10 and 20 years old. You are within this age range.

What is expected from the participants?

If you agree to be in our study, our Field Research Assistant (FRA) will ask you a list of
questions on your drinking water sources, dietary history, socioeconomic information etc. This
will take place at your home. This might take an hour. You will also be invited to visit Matlab
hospital for about one and a half hours. You would need to come to the hospital without taking
any food in the morning g At the hospital, a trained doctor will take your medical history; carry
out a physical examination including measuring blood pressure and test how well your lung
works. To test your lung function, you will be asked to blow into a tube as hard as you can, like
blowing up a balloon as before. Your skin will also be examined for changes caused by arsenic.
If it seems like there changes to your skin, photographs will be taken of your skin so that other
doctors can see them. Under aseptic precautions, a physician/nurse will take 5 ml (1 teaspoon)
of venous blood for measuring HbAIc to detect diabetes, serum CC16 (a marker of damage of
lung cells) and B-2 microglobulin (a marker of kidney function). A trained physician/nurse will
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also collect secretions from inside of your mouth (inside both cheeks) using a small brush for
collection of cells inside the mouth. We will ask you to give us a 60 ml urine sample for
measurement of arsenic concentration and collection of urothelial cells (mainly cells from the
bladder which are normally present in urine). A spot urinalysis will be done by strip to detect any
presence of protein and sugar. Both cells from the mouth (buccal cells) and bladder will be tested
to look for changes due to arsenic. Water samples from the tube wells you used since our last
visit will also be collected to test for arsenic concentrations.

Risk and benefits

The risk from being in this study is very small. A trained doctor will do the physical examination
and the lung function test. The physical exam and lung test will not hurt you. The general
medical examination by a doctor may be beneficial to you. Blood samples will be taken
aseptically; you will just feel slight pain.

There are no benefits to you for being in this study. All costs for travel to the Matlab centre and
the wage loss (Tk-300.00) for that day will be paid for by the study. During the waiting time at
the centre, drinks and snacks will be provided. You will be given “educational materials in a
bag” as a gift for being in the study.

Privacy, anonymity and confidentiality

We would like you to know that none of the information collected from you and your family ,
including information from the physical examination, will be passed on to anybody else. Only
the researchers of this study and Ethical Review Committee will be able to look at the
information. The study records will not have your name on them. Each person will have a code
number and this number will be used instead of the name. Your name or any information that
could be used to identify you (find out who you are) will not be published or shared with anyone
else.

Future use of information

The information collected in this study might be used in the future to continue studying the
health effects of arsenic in water, but again information that could be used to identify you will
not be shared.

Right not to participate and withdraw

Your participation is voluntary. This means that you may choose not to be in the study. You may
also choose to stop being in the study at any time, even after you have said that you want to be in
the study. No matter what you choose, you and other family members will receive the same
quality care at icddr,b facilities. You do not have to answer any question that makes you feel
uncomfortable.

You may ask any question about this study and we shall be happy to answer it. For further
questions you may call Dr. Md Yunus, Principal Investigator of this study (mobile
n0.01713093872) or Dr. Md Al Fazal Khan, Matlab hospital (mobile n0.017130024702). If you
feel that you have been treated unfairly or have been hurt by joining in this study you may also
call M. A. Salam Khan, Assistant coordination Manager, IRB at icddr,b. The phone contact
number of Mr. Khan Rahman is 02- 9886498 (Office) or 02-8860523-32 Ext 3206; Mobile
n0.01711428989.

Do you have any questions? Yes No

Do you agree to be in the study? Yes No

Now we are inviting you to be in our study. If you agree to be in the study, please show us that
you agree by putting your signature (your name) or your left thumbprint in the space provided
below.
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Thank you for your cooperation

Signature or left thumbprint of participant Date
Signature or left thumbprint of the witness Date
Signature of the PI or his/her representative Date

(Note): In case of representative of the PI, she/he shall put her/his full name and designation and
then sign
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Appendix- 1b: Consent form (English) (Pdf)

International Centre for Diarrhoeal Disease Research, Bangladesh (icddr b)
Written Assent Form (For children 11-17 years)

Protocol Number: PR-12012
Protocol Title: Exposure fo arsenic in ufero and early life and sffects on respiratory diseasas,
hypertension, digbetes and renal function in children and adolsscents in rural Matlab, Bmlg!adesh"
Principal Investigator: Md Yunus
Purpose of the research
Thank you very mmuch for being in our earlier smdy. We now have evidence to beheve that arsenic in
drinking water may cause vanous chronic illnesses including chronic hing diseases, hypertension, diabetes
and chromic renal disease. Many studies have looked at the effects of arsenic in donking water in adults,
but there have been few stodies on the impacts of earty life exposure on risks of diseases such as hypertension,
chronic renal failure, or pulmonary effects like reduced hmgﬁmchmcrrapnah:u}’s}mphﬂmsmchﬂﬁenmﬂ
adolescents. ThepnposeofthsshﬂymtaluckathDWem}yhﬁewufm
water affects the hmgs, kidney, blood pressure and blood sugar for participants aged 10 to 20.
Why selected
In our earhier study we looked at 600 children for skin lesions (changes in the skin}, chronic respiratory
symptoms nclhiding hmg fimction and measured the level of arsenic in their dnnking water. Using the
information from that study, we have chosen two groups of children for this study. Among 300 exposed
children, we will select 100 children with highest exposure during their mother’s pregnancy and in the
child’s early life. Another 100 gender and age-matched children will be randemly selected from the 300
unexposed children. All children chosen for the study are between 10 and 20 years old You are within
thmagermge
‘What is expected from the participants?
If you agree to be in our study. our Field Research Assistant (FP.A) will ask you a list of questions on
your drnking water sources, dietary history, socioeconomic information ete. This will take place at your
home. This might take an hour. You will also be invited to wisit Matlab hospital for about one and a half
hours. ¥ou would need to come to the hospital without taking any food in the moming g At the hospital,
a trained doctor will take your medical histery; carmy out a physical examination i IMEASUTINE
blood pressure and test how well your hing works. To test your lung fimchion, you will be asked to blow
inte a tube as hard as you can, like blowing up a balloon as before. Your skin will also be examined for
changes caused by arsenic. If it seems like there changes to your skin, photographs will be taken of your
skim so that other doctors can see them Under aseptic precautions, a physician/murse will take 5 ml (1
teaspoon) of venous blood for measunme HbAlc to detect diabetes, serum CC16 (a marker of damage
of hing cells) and f-2 microglobulin (a marker of kidney funchon). A tramed physician/mrse will also
collect secretions from inside of your mouth (inside both cheeks) using a small brush for collection of
cells inside the mouth We wall ask you to give us a 60 ml urine sample for measurement of arsemic
concentration and collechon of wrothelial cells (mamby cells from the bladder which are normally
|]nﬁenliunﬁne}.ﬁspﬂtunnalvsisnﬂlbednmhvsh'mtadftectan\fmseﬂmnfumtemandmgm
Both cells from the mowth (buccal cells) and bladder will be tested to look for changes due to arsenic.
Water samples from the tube wells you nsed since our last visit will also be collected to test for arsenic
concentrafions.
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International Centre for Diarthoeal Disease Research Bangladesh (icddr b)
Written Consent Form (18-20vears)

Protocol Number: PR-12012

Protocol Title: Exposure fo arsenic in ufero and early life and effects on respiratory diseases,
Iypertension, diabetes and renal fimciion in children and adolescent in rural Matlab, Bﬂngi‘.ﬂdesh"
Principal Investigator: Md Yimmns

Puipose of the research

Thank vou very much for being in our earlier study. We now have evidence to beheve that arsenic in
drinking water may cause vanous chronic illnesses including chronic hung diseases, hypertension, diabetes
and chromic renal diseasze. Many studies have looked at the effects of arsenic in dnnking water in adults,
but there have been few studies on the impacts of earty hife exposure on risks of diseases such as hypertension,
chromic renal faihie, or pulmonary effects ke reduced hmgﬂ:mhmu’rﬁpnah:uysymph:msmchﬂ&'enmﬂ
adolescents. The purpose of this study is to look at how early life exposure of arsenic

water affects the lungs, kidney, blood pressure and blood sugar for participants aged 10 to 20.

Why selected

In our earhier study we looked at 600 children for skin lesions (changes in the skin), chromic respiratory
symptoms including hing fimction and measured the level of arsenic in their dnnking water. Using the
information from that study, we have chosen two groups of children for this study. Among 300 exposed
children, we will select 100 children with highest exposure during their mother’s pregnancy and in the
child’s early life. Another 100 gender-and age-matched children will be randomly selected from the 300
unexposed children All children chosen for the study are between 10 and 20 years old  You are within
this age range.

‘What is expected from the participants?

If you agree to be in our stody, our Field Research Assistant (FRA) will ask you a list of questions on
your dnnking water sources, dietary history, sociceconomic information ete. This will take place at your
home. This might take an hour. You will also be inwvited to visit Matlab hospital for about one and a half
hours. You would need to come to the hospital without taking any food in the moming g At the hospital,
a trained doctor will take your medical history; carry out a physical examination including measuring
blood pressure and test how well your lung works. To test your hing finction, you will be asked to blow
into a tube as hard as you can, like blowing up a balloon as before. Your skin will also be examined for
changes caused by arsenic. If it seems like there changes to your skin, photographs will be taken of your
skin so that other doctors can see them Under aseptic precautions, a physician/murse will take 5 ml (1
| teaspoon) of venous blood for measuring _HbAlc to detect diabetes, serum CC16 (a marker of damage
of hmg cells) and f-2 microglobulin (a marker of kidney function). A trained physician/nurse will also
collect secretions from mside of your mouth (inside both cheeks) using a small brush for collection of
cells inside the mouth We will ask you to give us a 60 ml unine sample for measurement of arsemic
cnumﬂraﬁnuaudm]]ac’timnfm‘nthﬂlialce]ls{mamly uel]sfmmthebladﬂﬂ'whicharemum]ly
present in urine). A spot urnalysis will be done to detect resence of
Baﬂlmlhﬁomiﬁgmrﬂl(hmmlnells}mdbhﬂdﬂmﬂbemstedtulmkwdmtum
Water samples from the tube wells you used since our last visit will also be collected to test for arsemc
concentrations.
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Appendix-2a: Consent form (Bangla)
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Appendix 3a: Parental main quenstionnair

PARENTAL MAIN QUESTIONNAIRE

CD:|__ | [ [ [ [ [ [ [ ]

RID:|_ | [ [ | [ [ [ [ ]

Starting Time: | | |[.| | |AM/PM Date: | | | | | | |
DD/MM/YY

Respondent will be the primary caretaker (usually the mother) of the participant. For questions with [child’s
name], please insert the participant’s name when asking the question.

Respondent’s relationship to participant:

G LIS U B o) ) S C e e ) S A — (IR FIW)' S A ARG T |

I am going to start by asking you some general questions about [child’s name] and your family.
1. (FTIICIF ) J¥T F9? / What is [child’s name]’s age? || |Years

(If the parent is not sure about participant’s birth date, ask the following questions.)

). (T T &I FICT ATT?
2. Which grade school is [child’s name] in currently?
““NA” means the child does not goes to school currently

3. 9, (R RN e AR-IE (Nt Foue uFs 90d I FCE?

3. How many family members live in your current house (include both children and adults)?

RESIDENCE HISTORY

(Keep inserting the years, house and water source numbers as you ask the following questions in the time log
boxes on the loose sheet. Staple the sheet at the end of the interview. This is to work out the historical
drinking and cooking water exposure throughout the participant’s life time. The detailed questions are on
the following pages.)

L (T TN (FIF AN SR ?
(Insert the year on the line above, at the spot noted by YOB of the child)

2. (TR NI SR 217 (A0S F 93 qiferes ree?

2. Have you been staying in the same house since our last visit? O ves > Goto page 2.
O /No
3. (T ) SR 9 Fowfer AfTre (Aarza? (Y 7 ST SfLF)
I —
3. How many houses have you lived in since our last visit(6 months or more)?
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RESIDENTIAL WATER HISTORY - CURRENT HOUSE, CURRENT SOURCE

sectioN H1T1

lc

lc.

1d.

le.

le.

Q2

If.
1f.

3a.

T AT 93 ST 22 ST Zfze?

In what year did you move into your current house (house #1)?

(FRBITTR ) I O FOZeT? || =S
(How old was [child’s name] then?)
(“xx” means the child was not born)

(TR )93 JIGTS PP A SN (@I AST 2030=?

Was there any change in your water source while you lived in your current house? ] ves

LI No
> GotoQ le

7
T AN Sl SAfdqes 2@ C2? (How many changes were there in your water source?) | | |

Here 00 means no change in water source. 01 means she had two water sources (T1 & T2).

AT & Q2T AT 8 AFK T G0 T GHIEF S (ATF AN A2

Do you currently get water for drinking and cooking from just one source or more than one source (check)?
O g 9o (Just one)
O 9&FF @ (More than one) - Go to

AT Sl 57 @A (T A T2 (I 91 AT FRT T 4FF T 51T 3?)

i) What is the water source?

(Probe: What is it? For example, which tubewell, pond, supply water? What is the location?)

if) Sample collected Y / N iii) Sample code number

1V) Location oF TW ID # ..ottt ettt et et e e eaeennes

v) Name of the tubewell OWNET ... ettt e et et e et e e eeeenaenens

FOUTE] ST (AT QLT AT ST (How many sources now?)

I AT SRENTET I SN (@R (ATF Foor Al AN 8 AFF & (6 2F OF AR T2

Please tell me the location of all your water sources, and how much of your drinking and cooking water you obtain from each of these
sources.

(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for
each source and make sure the proportions add to one for all the sources combined.)

i) SRR @RS TN (I (A AT @ AFF T A w2
i) What is the primary source of drinking and cooking water?

i) @I (ATF (6 Foor A (LT FE?

ii) What is the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4
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ii) Sample collected Y / N iii) Sample code number
1V) Location OF TW ID # oottt it ittt e ettt et e e et e e e et e e e eeannas

v) Name of the tube Well OWNET ..ottt ettt e e e et e e eaeaenenannnn

3b. ) SRR fEer sifae s 52
i) What is the second source of drinking and cooking water?

ii) @ @A & sAfqsrer T gz FET?

i) What is the proportion of water you use from this source? <l/4, 1/4, 172, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code number

1V) Location OF TW ID # oottt ittt et et et e e e e e e et e e e eneennas
v) Name of the tubewell OWNeT ... ittt e et ettt e e e e e eeaaenans

3c. i) SRR AT we R el 62

1) What is the third source of drinking and cooking water?

ii) @ (AT 5 Al =N qrq2q FEe?

ii) What is the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code number

1V) Location oF TW ID # ..ottt ettt et et et e e et et enaes
v) Name of the tubewell OWNET ... .oouie it et

7
3d. i) SFE o AAife” el 62
i) What is the fourth source of drinking and cooking water?

i) @I (At & oot sAfawrer AT 77" FEa?

ii) What is the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code number

1V) Location OF TW DD # .. u ittt e ettt et et et e e e e e e e taenenaanennns
v) Name of the tubewell OWNET ... ittt et et e et e e eeeeaaenens

Tt TSI YT AT FTZR AT TER AT 2 SR 8-¢ T #ATST 77 I | IO JIfGrS A S={Z
I I Afa TeEr AR 28 IR e 8-¢ TR #ATS! WS FCA 2 F |

T AT SCAR #IF (ATF ©Y M@ TON AMGTo2 AT FCH AMCF, SR R TR ATS 77 T4 |
I AT TSA JfTF ST S ITITS APT I ACF, SR b-q TR ST 7 FIF | AHALAFAT
ofeq7 qIfE RS &y IS br-5 T oIl ¥ 97 | (ANN- H3T1, H4TI...... )

If there was a CHANGE in the water source at the CURRENT HOUSE while the participant lived in current
house, fill out pages 4-5. Insert a copy of pages 4-5 for EACH ADDITIONAL CHANGE in water source at
the CURRENT HOUSE, going back in time. Fill in the water source number at the top of the page, H1T2,
HI1T3 etc.
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If participant has ONLY LIVED IN THE CURRENT HOUSE since he/she was born, go to page 12.

If participant has lived in a PREVIOUS HOUSE before the current house, fill out pages 6-7. If there was a
CHANGE in the water source at the PREVIOUS HOUSE while the participant lived in current house, fill out
pages 4-S5.Insert a copy of pages 8-9 for EACH ADDITIONAL HOUSE the participant has lived in, going
back in time. Fill in the house number at the top of the page, H3T1, H4T1 etc.

RESIDENTIAL WATER HISTORY — CURRENT HOUSE, CHANGE IN WATER SOURCESECTION
H1TL]

Note: Insert a copy of pages 4-5 for EACH CHANGE in water source at CURRENT HOUSE, going back in
time. Fill in source number at the top of the page, H1T2, HI1T3 etc.

la. F© I et @B HIT [JR0eT € g7 #ifSa Srrei Iwet Seafmeee?

la. How many years ago did the change in drinking and cooking water source occur at your current house?
L[| 9=
Ib. T AT 48 QNG 8 AR~ TRl e FeRee?
1b. In what year did this change in drinking and cooking water source occur?

R N
Ic. REE RIS ERCRR LG EETC P ORI —— (TR )" I F© foer?
le. How old was [child’s name] when the change occurred?

|| 9=
(Note: If there is a discrepancy in Q1, please clarify it with the interviewee.)
2a. (Answer 1a) IRF ST ST L ST € AFF & AT SR 76T FCATRCAT O & GF67
TR (AP AT AT T GG SR (AT 2N o2

2a. Before the change, did you get water for drinking and cooking from just one source or more than one source

(check)?l] @ GJ(G (Just one) O «t&d @ (More than one) = Goto Q.3

2, i) AT @ AR Ty Aferar Sl 3 fowte (il (AT #A1fF (397 (F T 2T FR T 2 91 GI2T F97)

2b. i) What was the water source for drinking and cooking?

(Probe: What is it? For example, which tubewell, pond, supply water? What is the location?)
if) Sample collected Y / N iii) Sample code number
1V) Location OF TW ID # oottt ittt ettt et et et e e e e et e e e eieennas

v) Name of the tubewell OWNET ...t e e it et e e e e e eeaenaanes

3. FORTE! QT (AT ST @ AFR Ty M1 Sre? (How many sources?) [
4. @ 2T ST (ST 27T S (@A (A0F F© Ol #AfT 5329 T4 7o O “Afwier @2
4. Please tell me the location of all your water sources, and how much of your drinking and cooking water you obtained from each of

these sources.

(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for
each source and make sure the proportions add to one for all the sources combined.)

4a. i) SO (@A AN (FILAT (A ANSTT @ TR Ty 2N Aiefreer?

i) What was the primary source of drinking and cooking water?
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ii) @ (ATF (NG FoorT AN IR T4 702

i1) What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code number

1V) LoCation OF TW DD # .. e ittt ettt et e et e et e e e et e e e eeaenenaenennes
v) Name of the tubewell OWNET ...ttt et ettt e e e e

4b. ) ST e Sifa et < fe?

i) What was the second source of drinking and cooking water?

i) @27 R WH T ©bf HifF e I T2

ii) ‘What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

if) Sample collected Y / N iii) Sample code number

1V) LOCation OF TW DD # ..ttt ittt ettt e e et e et e et e e e e eeaenenaanenns
v) Name of the tuDeWell OWNET . .ou.it ittt et e et ettt e e e e e enneenaas

4c. ) SR fifes sl f feet?

i) What was the third source of drinking and cooking water?

i) @ (A (G Foor AT FIZT F91 T6?

ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code number

1V) Location OF TW ID # oottt ittt e ettt et et et e e e e e e e e eieannas
V) Name of the tubewell OWNeT ... ittt et et ettt ettt e e e eeanenans

4d. i) SRR AR el < feeTe

i) What was the fourth source of drinking and cooking water?

i) @I (ATF (TG T N (I T4 T2

ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code number

1V) Location OF TW DD # .. e ittt ettt e et e et e et e e e e e e eaenenaenennns
v) Name of the tubewell OWNeT ... it et ittt et e i te e e e ie e eanaenans

o

fofie 8-¢ M Aol M@ e =7

TN Afere AF S I S AR TeR ARRSET W oRE W
I | (@IS-HIT3, HIT4)
T AR SR #IF (A SYAG IST G2 I FCH ACF, SR S TR ATST 7 F77 |

T FERAFIRT TONE AGH ST O AMGTe IFT FF AMT |, SIRCT Y- TR ATST 7 T | NI
oifeq7 e RS &y IS br-5 T oISt 7g® 9 | (@N-HIT3, HIT4...... )
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Insert a copy of pages 4-5 for EACH ADDITIONAL CHANGE in water source at the CURRENT HOUSE,
going back in time. Fill in the water source number at the top of the page, HIT3, H1T4 etc.

If participant has ONLY LIVED IN THE CURRENT HOUSE since he/she was born, go to page 12.

If participant has lived in a PREVIOUS HOUSE before the current house, fill out pages 6-7. For EACH
ADDITIONAL CHANGE in water source at the PREVIOUS HOUSE fill out pages 8-9. Insert a copy of
pages 8-9 for EACH ADDITIONAL CHANGE in water source at the PREVIOUS HOUSE, going back in
time. Fill in the water source number at the top of the page, H2T3, H2T4 etc. For EACH ADDITIONAL
HOUSE the participant has lived in, going back in time. Fill in the house number at the top of the page,
H3T1, H4T1 etc.

ESIDENTIAL WATER HISTORY - PREVIOUS HOUSE, LAST SOURCE

secTiON H2T1
la. IS @2 e st [F-SIR AN IR AFS?
la. Before your current house where did [child’s name] live? (Check with the record)

Ib. @ AIE G2 AMS (H2) 29 9 2@Ra?

1b. In what year did you move into your previous house (house #2)?

le @3 IMGre AFFEAT i SR @ ey TR ?

le. Was there any change in your water source while you lived in your previous house (house#Z)?D ol /Yes

O = /No = GotoQ le

1d. FRIT S TRel sfite zaE ? (How many changes were there in your water source?) | | |

le. [FSI AN]SR @ AGre & G961 1 G SReil @ ST Ueq @ 99
G IR P02

le. At the previous house, did you get water for drinking and cooking from just one source or more than one source (check)?

O Y@ 93 (Just one)
O a&9 &N (More than one) = Go to Q.2
If. Fefa 4 @ ST (H2T1) I9TR IREA?

1f. How long did you use that water?

|| <=9 (year) / WP (month)

Ig. i) 4leT 8 IFR AT Gl (H2T1) 3 fedl @ @Il 3@ <9 Il €7 (e 91 2ife I 41 2[R, I
BN F7)

lg. i) What was the water source?

(Probe: What is it? For example, which tubewell, pond, supply water? What is the location?)

ii) Sample collected Y / N iii) Sample code number
1V) LoCation OF TW DD # .. e ittt ettt ettt e e e e e e e e eaenenaenennns

v) Name of the tubewell OWNeTr ... ittt e et et e e e e e e e eanaens
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3a.

3b.

3c.

3d.

e @ I[F <A T FexE we? (How many sources?)

] offfg SR oE @I Re @ S @R @AE F© Ol S Sq 27w o Akl w2

Please tell me the location of all your water sources, and how much of your drinking and cooking water you obtained from each of
these sources.

(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for
each source and make sure the proportions add to one for all the sources combined.)

)@ T MG TANGE @O TR @A QW@ 87 8 IFT G A A 2

i) What was the primarysource of drinking and cooking water?

i) @27 @ WH T ©ef ST e I T2

ii) ‘What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4
ii) Sample collected Y / N iii) Sample code number

1V) Location OF TW DD # . ittt ittt ettt ettt e et e et e e e eaenannans
v) Name of the tubeWell OWNET ...ttt ittt e e e e e e eie e eaenns

)O3 SR e #fag Gl 5 ey

i) What was the second source of drinking and cooking water?

i) @27 E WE T Ok ST e I T2

ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4
ii) Sample collected Y / N iii) Sample code ber

1V) Location OF TW DD # ..ottt it e et ettt ettt et ettt et e e eia e enanaans
v) Name of the tubewell OWNeT . .o.iii ittt et et et e et e e e e e eaaannns

) O S S A wor el ey

i) What was the third source of drinking and cooking water?

i) @7 QW@ W F© O AT I9@T 39 T0?

ii) What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code number

1V) LoCation OF TW DD ..ttt it e e ettt et et ie et ta e e eeaaenanns

v) Name of the tubeWell OWNET ...ttt ittt e et et ie e e eaennns

) O GUTIR W 59 i et 5 fee 2

i) What was the fourth source of drinking and cooking water?

i) @7 W@ WH F© Ot AT I9@T 39 T ?

ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4
ii) Sample collected Y / N iii) Sample code number
1V) Location oF TW ID # oottt ittt et ettt et et e e e e e eeennas
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V) Name of the tube Well OWNET ... .ouueniie ittt ettt e ie e e e eaeennes

I JouR TS AT SR AT TOR 7O T ORE 8-¢ R A o3 I IO v AT T

M S oA TR RO W ORE SORE 8-¢ R S AIS A [T I ( ®WH- HIT2,
HIT3......)

IR TR IS I W T IV I I AT, ORE ©-9 R AN Rt I AHTIAT 2 RIF
MY AR &7 SRS b-»> R ol IS I ( TWH- HITL, HAT1......)

If there was a CHANGE in the water source at the PREVIOUS HOUSE while the participant lived in
previous house, fill out pages 8-9. Insert a copy of pages 8-9 for EACH ADDITIONAL CHANGE in water
source at the PREVIOUS HOUSE, going back in time. Fill in the water source number at the top of the page,
H2T2, H2T3 etc.

If participant has lived in another house before the PREVIOUS HOUSE, fill out pages 10-11, Insert a copy of
pages 10-11 for EACH ADDITIONAL HOUSE the participant has lived in, going back in time. Fill in the
house number at the top of the page, H4T1, HST1 etc.

RESIDENTIAL WATER HISTORY - PREVIOUS HOUSE, CHANGE IN WATER SOURCE SECTION
H2T]

If there was a CHANGE in the water source at the PREVIOUS HOUSE while the participant lived in
previous house, fill out pages 8-9. Insert a copy of pages 8-9 for EACH ADDITIONAL CHANGE in water
source at the PREVIOUS HOUSE, going back in time. Fill in the water source number at the top of the page,
H2T2, H3T3 etc.

la. o IR et @3 H1T [Jihewm @ g Aifea smen awet Seaieeee?

la. How many years ago did the change in drinking and cooking water source occur at your current house?
L[| 9=
b TP T G2 ST 8 AN Al Gl qwet Feafer?
1b. In what year did this change in drinking and cooking water source occur?
R N O B
le. T AT ST 7T AR O oo (FRBITTF TI)'F I ' (77
lc. How old was [child’s name] when the change occurred?
L
(Note: If there is a discrepancy in Q1, please clarify it with the interviewee.)
2a. (Answer 1a) T2 ST STAFIET TAT AEAN @ A G AT S e AR 0 5 a0
TR (AP AT AT F G SR (A 2N STcoe?
2a. Before the change, did you get water for drinking and cooking from just one source or more than one source (check)?

O & 936 (Just one) O & @ (More than one) = GotoQ.3
2b. i) ST 8 AT & T Sl i fow1? @Al (A M1 (42 (FT A1 21T FCAT 9 2F 1 5i2T Fe)

2b. i) What was the water source for drinking and cooking?

(Probe: What is it? For example, which tubewell, pond, supply water? What is the location?)

ii) Sample collected Y / N iii) Sample code number
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4a.

1V) LOCation OF TW DD # ettt et ettt it ettt e ettt ettt e e e et e e eaenaaaanns

v) Name of the tuDeWell OWNET ...ttt ittt e e e e ettt e e e e e eaaeennns

FORCE ST (TP AT 8 AT &y AN SCST? (How many sources?)

@ AT ST (ST 2T 7 (@R (A0F F© ol #Af 5327 T4 7o O “Ifwier @12

Please tell me the location of all your water sources, and how much of your drinking and cooking water you obtained from each of
these sources.

(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for
each source and make sure the proportions add to one for all the sources combined.)

i) STARITAR (@RS T (IR (AT A& 8 AFEA &= A Ace?

i) What was the primary source of drinking and cooking water?

3b.

3c.

3d.

i) @I (ATF (T T N I T4 70?2

1) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

it) Sample collected Y / N iii) Sample code number

1V) LoCation OF TW DD # . ounitit ittt et et et ettt ettt e et e e e et etaenenaananns

V) Name of the tubewell OWNET . .o.iii it ettt et et e et e e eeeiaeaaannns

)OI @S e offew el f$ fzef?

i) What was the second source of drinking and cooking water?

i) @7 QW@ W Fo O AT I9@T 39 T0?

ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code ber
1V) Location OF TW ID # oottt ittt e ettt e et e e e e e eieeiaannas

v) Name of the tubewell OWNET  ....ouuiii ittt e e e e e e eeennes

)OI ST WA oA wory TRl ey

i) What was the third source of drinking and cooking water?

i) @27 R WH T ©ef HifF e F9 T2
ii) ‘What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

if) Sample collected Y / N iii) Sample code number
1v) Location of TW ID #. .ottt et ettt et aeens
v) Name of the tuDeWell OWNET  ....iiitt ittt ittt et e e e e e eie e eaennns

) O ST WA G oM st e fea

i) What was the fourth source of drinking and cooking water?

i) @27 E WE T Ok ST I<EE I T2
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ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4
if) Sample collected Y / N iii) Sample code number

1V) Location oF TW ID # oottt ittt e e et et e et e e e e eeeennas

V) Name of the tube Well OWNET ... ..uuenie ettt ettt ie e e e aeenaes

R SRR IS IMF Tt T IABIcE I IW A, ORE b-9 R Al Fet I TR 2T
MY AR &7 SRS b-»> R oSl FIG I ( - H3TL, HAT1.......)

If participant has lived in another house before the PREVIOUS HOUSE fill out pages 10-11, Insert a copy of
pages 10-11 for EACH ADDITIONAL HOUSE the participant has lived in, going back in time. Fill in the
house number at the top of the page, H4T1, H5T1 etc.

RESIDENTIAL WATER HISTORY — ANY PREVIOUS HOUSE, LAST SOURCE
sectioN HLT1

Note: Insert a copy of pages 10-11 for EACH ADDITIONAL HOUSE the participant has lived in, going back
in time. Fill in the house number at the top of the page, H3T1, H4T1 etc.

la. e A St [FOR AN] @R AFS?

la Before the last house where did [child’s name] live? (Check with the record)

b. @ A @ ]S o uw fae?

1b. In what year did you move into that house (house #3, house#4 etc.)?

le & 3fGre AT HAfe7 G @ ofee e

le. Was there any change in your water source while you lived in that house (house #3, house #4 etc)? O/ ves O N0
Go to Qle

1d. o Siod Are AFFAT SHFIET Tl e @ AT & oAfg aRel e 2@me?

1d. How many changes in drinking water sources occurred while at that house? | | |

le. HHfq Sl el IR WM 98 8 FFT G [ G0 Fel W@ A I T@ Al G I W A
Il 9 7

le. After the last change in water source in that house, did you get water for drinking and cooking from just one source or more than one

source (check)?
0 v@ @3 (Just one)
0 99 @ (More than one) = Goto Q2

If. 1) WS 8 JFE G sfffq ST < fze? (What was the water source?)
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3a

3b.

3c.

(Probe: What was it? For example, which tubewell, pond, supply water? What was the location?)

it) Sample collected Y / N iii) Sample code number
1V) LOCation OF TW DD # .ttt ittt et e ettt ettt ettt e e et e e e et etaeaanaananns
v) Name of the tubewell OWNeT ... ottt et e e e e eeeaenns

e 8 AR T FeSEN AT ST RS2 (How many sources? )

AR SR @ @RI =S T SR @R WA T ol S e @ IFF G A T OR
el Ff?

Please tell me the location of all your water sources, and how much of your drinking water you obtained from each of these sources.

(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for
each source and make sure the proportions add to one for all the sources combined.)

@ el Afbce (H T1) SIRIo @Il ST @1 @ 637 8 I9 & = e 7

i) What was the first source of drinking and cooking water?

i) @7 W@ W F© Ot AT I9@T 39 T9?

ii)What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4
ii) Sample collected Y / N iii) Sample code number
1V) Location of TW ID # ..ottt ettt ettt e e e e e e e e e eae e

v) Name of the tuDeWell OWNET ..ottt ittt e e e ettt e e e e e naeanaas

i) O3 ST T Sl @t (H T1) & e

i) What was the second source of drinking and cooking water?

i) @I WE WE Fo O i I9TF 9 T9?

ii) What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

if) Sample collected Y / N iii) Sample code number

1V) Location OF TW DD # ..ttt ettt e ettt e et ie e e e etaenenaenennns
v) Name of the tubewell OWNET ...ttt ettt ie e e e e

)OI ST WA oA worT G (H_ T1) < foef?

i) What was the third source of drinking and cooking water?

i) @I W o T O oA I 9 T9?

ii) What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code number

1V) Location OF TW DD # .. e ittt ettt e et e et e et e e e e e e e eaenenaenennns
v) Name of the tubewell OWNeT ... ittt e e e et e e et e e e eanaenans
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3d. i) ©4 SR IR 59 A SR (H_ T1) ffgey

1) What was the fourth source of drinking and cooking water?

i A W@ W Fo ol oA 9T F9 9 ?
ii) What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

ii) Sample collected Y / N iii) Sample code number

1V) LoCation OF TW DD # . u ittt e et e e ettt e ettt et e e e e eaaenenaanenns
v) Name of the tubewell OWNET ...t e et e e e e e e e e eaenens

a3 e AT Sy AW W@ AT TR RO T O SRE d0-35 R MG IS IR 97 I (
W- H2T2, H2T3......)
M SRR T O W AR W MG RO I A AE, ORCE R AR S o7 I

If there was a CHANGE in the water source at the HOUSE before the previous one,. Insert a copy of pages 8-
9 for EACH ADDITIONAL CHANGE in water source at that HOUSE, going back in time. Fill in the house
and water source number at the top of the page, H3T2, H3T3, etc.

If participant has NOT LIVED IN ANY OTHER PREVIOUS HOUSES since he/she was born, go to page 12.

ENVIRONMENTAL TOBACCO SMOKE

a9 oheer T (SR ANy I W, IR @ HTORFER YA AT |
Now, I will ask some questions about smoking habits of [child’s name]’s parents or guardians.
I [Froiem ] 7 7 W @ wiw /e stverm) 9@ uel S

1. Has [child’s name]’s mother (or grandmother / female guardian) ever smoked? (I 21 /Yes & GO TO Q.2a
O4 / No—>GOTOQ.S

2a. [ AW T W (3 AW /W@ i) AR F 4he gueiia
2a. What does she usually smoke? 0O RS /bidi [0 &5 - I /manufactured cigarettes
[0 FSI&@0 - 2ce I /hand rolled cigarettes
L 97 /other
2b. [ AN T W (J v /e Sfoors) 9 MBI e P 3 R[{©
LA T2
2b.  Does [child’s name]’s mother (or grandmother/ female guardian) currently smoke cigarettes or bidi inside the
house?

O /Yes> GO TO Q.2¢
O« / No-> GOTOQ.3a
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2. [FeoiR ] 3 N (@ W% /5 SfeeRs) «F W e 63 @R F 5l [
3 PIIRE gooiF I 7

2¢c.  About how many cigarettes does [child’s name]’s mother (or grandmother/ female guardian) smoke each day

inside the house? ||| number of bidi/cigarettes
3a.
3a. O & /Yes=>

GO TO Q.3b

O« /No-> GO TOQ.4a
3b. 3b.
|| | number of bidi/cigarettes

4a. [SI AIN]’F 24N 95 929 P oRfs S (q Wi/ WEe SR Ao
wer [ A

TINEE YNf Ao ?
4a. O 2

/Yes 2 GO TO Q.4b

O /No>GOTOQ.5

4p. O o [T AN &I (Wi / Wd SoeRs) ¢F M IS @@ Ib!

PIIRE 9 /G gasiia $30?
4b.

||| number of bidi/cigarettes

5. [Foiere am] > 7 <l wm qt sl S ogE 6 R YRSl <weeeA

5. Has [child’s name]’s father (or grandfather/any other male member of the family) ever smoked?
O /Yes > GO TO Q.6a
O« /No—->GOTOQ.9

6a. [F-SIR A1) I3[, v [ YRS [ 4T LA FICOA?
6a. What does he usually smoke?

0O &S /bidi [0 FSI&0 - JMIEd /manufactured cigarettes
[0 PG - =S I /hand rolled cigarettes [ &+ /other

6b. [FSIw AN T I[, W F 93v MBI weR HEEs 3 [E

A PEF?
6b. Does [child’s name]’s father (or grandfather/any other male member of the family) currently smoke cigarettes
or bidi inside

the house?

O /Yes > GO TO Q.6¢
09 /No->GOTOQ.7a

6c. [PI<eieTa AN]" A, 7wl IMGF @eR & i MRS F bl
PIIEE 9 [G gaeiiv a2

6¢c. About how many cigarettes does [child’s name]’s father (or grandfather/any other male member of the family)
smoke each
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day inside the house?
(Circle) the number of bidi/cigarettes: 1-5 ; 6-10 ; >10 ; >20;
>other

7a. [F-SIHT W] WER @i AFce & IR, wml A T I3 weE
P 3 [ gasie 3997
Ta.

O /Yes > GOTOQ.7b
A9 /No->GOTOQ.8a
7b. [FSIE AN] 9 AFCe &I IR, W AT e e
s < B PEIED 9 [ guefi vxo?

7b.

(Circle) the number of bidi/cigarettes: 1-5 ; 6-10 ; >10; >20; >other
8a. S A1) * I 2% 55 929 P orks < SI IR, WM
M7 o PEIEE 9 R[S gasliv s9e?

8a. kY
/Yes 2 GO TO Q.8b

O /No- GOTOQ.9

8b. [FSld AN]° 9 23N siib @ @ R f$ eq -1, wm Q@
Ao oo T G PRIGh 91 {46 gasiv Fwe?

8b.

(Circle) the number of cigarettes/bidi: 1-5 ; 6-10 ; >10 >20 >other

9a. IMGTE R RER s IeH IS MG OR PHIED I R[S YA FR?

9a. How many other people living in the house currently smoke cigarettes inside the house?| | | &+ JIf&
/people
9b. [F<eiHd AN] o0 AR0e ARIE S Fow If& I oo HiEd I [ gasin
I49?
9b.

| | |ed I7& /people
9. [FSIAT AIN]* T 2 o5 2 R 2w HRIE T e IS ABT wer
PIIEE 3 [/G sl s39?
9c.

| &9 IS /people

INDOOR BIOMASS COMBUSTION

@37 g o F WA IMGre I IIF T I G AT |

I would like to ask you some questions the stove you use here in this house and about method cooking.

1. < @ © T Q@R W ql Bl I9RIT =A? (What type of stove is used in the household?)
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0O e 20 (E) Open fire (e.g. three stones) 0] gt (Foufv 2 Ul) / Traditional chulha, no chimney
O gl (o 3S) / Improved chulha, with chimney s / A / ﬁWB %19 / Gas/kero/electric stove

2. @ﬂﬂ I THG @I 7 (Where is the stove located?)
O IRE@ I WL/ Outdoors (Go to Q. 4) [0 IKF-IRE EleCEn / Semi-enclosed(Go to Q. 4)
L] Sei™l QIS / Separate kitchen [ [I9 WS / In living area

3a. I AN T OO I W CRIE G S ?
3a. IF INDOORS: Is there a window in the cooking area?

= %2 T2/ None O~y @51/ One only O Tﬁfﬁ A @M/ Two or more

3b. I A TEE OO W W CRIE A B0 @ ?
3b. IF INDOORS: Is there any vent(s) in the cooking area?
- %@Z@/None O i/ Yes
4, AR IR GHAICS 2i4ie T e I, [&lA1 IREIE TA? / What type of fuel is used with the stove?
[ 13/ Firewood O TR #irsl *P7 @ ]eifel 31 o9 5\CG1 / Crop residue (like straw) or wood
chips
O W/Dungcakes [ JSFIE!/ Charcoal 1 s/ LPG
] IeT/ Coal [ A/ Kerosene U %Q/Electricity
O «i53% / ofe
5. [F-SIR AN] M AR 6 T IFEE FIOT 2
5. How much time does [child’s name] spend in the kitchen during a normal day? | | . | |
9D / hours
6. FERTS M TR IF I W (ORFIER A8 7R) 2
6. How many meals, including breakfast, are cooked per day in your family? | | IRISIEN
meals
7. I &, @A ST 4IEA GieAlAl I<EE TS
7. What fuel did you use before the current type of fuel?
937 g o I fF 490 T I ge I9TT 7@ 4 [FieieNd | STsRe |
Now I will ask you some questions about the stove you used when [child’s name| was born.
8. J [FSIR AN Sic-wizel O3 fF 431 T 1 Bell IRER T9?
8. What type of stove was used in the household when [child’s name] was born?

0O 0 20 () / Open fire (e.g. three stones) O gal (Fufv 2 Ol) / Traditional chulha, no chimney

O gl (s JB) / Improved chulha, with chimney O s / A / ﬁ@g %19 / Gas/kero/electric stove
9. I [F-SIFE AN SiC-sgel 6% T A DS IR oe ¢
9. Where was the stove located when [child’s name] was born?

0 IRE@ I |GR / Outdoors(Go to Q. 11) 0O SR A TSIl / Semi-enclosed(Go to
Q.11)

LI ™l IS / Separate kitchen [1 P9 Q& / In living area
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10.
10.

11.

12.

12.

13.
13.

I M TR O I W ORI S I T FO! g ?

IF INDOORS: Is there a window or vent in the cooking area?

o« ]%2 T2 / None O~y @D/ One only Ol 6(@ < 3 @M/ Two or more
O qi W BRG] & 491 G e A T TO? / What type of fuel was used with the stove?

O 315/ Firewood O I #irel *p e [eifer A1 S99 (9l / Crop residue (like straw) or wood
chips

Ul W/Dungcakes [0 FIFTEN/ Charcoal L1 sii™/LPG U Qﬁ%ﬁ% / et

[J &7/ Coal O &4/ Kerosene O WQ/Electricity

[FSImR AN]° T 2N G L TP 2T AR e Fo W T (WA

) FIOG?

How much time did [child’s name] spend in the kitchen (with her mother) during a normal day when he/she was an infant (less than 1
year old)?

‘_‘_H_‘_‘ TB1 / hours

[FSIR AN’ I 2 AFCS & W e I 1@ TS T IS ?

How much time did (child’s name) mother spend in the kitchen during a normal day when she was pregnant with [child’s name]?

51 / hours

SOCIO-DEMOGRAPHIC CHARACTERISTICS

93 Y 2 I TAR T AT, IMGT g fofem o i)

I will now ask you questions about your level of education, some of the items you might have in your house and some features of your house.

Sief T @RI ST FERA ?

What is the highest level of education you have attained?

[ No education O Primary (KG to class 5)
[ Secondary (6 to 10) [] Madrasa

[ Higher Secondary [ Vocational/Technical Institute

1 Polytechnic 1 Bachelor Degree

] Masters Degree [ Other

T EE G G O RS @I Fod SRIY FeE 7
What is the highest level of education attained by the head of your household?

[ No education [ Primary (KG to class 5)
[ Secondary (6 to 10) ] Madrasa

[ Higher Secondary [ Vocational/Technical Institute

] Polytechnic 1 Bachelor Degree

[ Masters Degree [ Other

A S @ WE P T © SO (ol ?
What is the building material of the house the child lives in?

[ concrete/brick (Pucca) ] mud/tin/thatched hut (Kacha)
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[ combination of high quality and low quality materials (Semi-pucca) [ tin(concrete floor)

4, Fioig AMGre 61 W SR, JF T, LRLE], TN 2ol ¢
4. How many rooms are there in the house the child lives in (not including kitchen, toilets, storage)?
|| |rooms
5. [F-Olt AN] @ 3fGce sewins o AT @5 e ¢
5. What was the building material of the house the child was born in?
[ concrete/brick (Pucca) [ mud/thatched hut/ tin (Kacha)
[J combination of high quality and low quality materials (Semi-pucca) [ tin (concrete floor)
6. [FSIE AN] @ ifGre seafee o2 Afers 6! 9o fze, Qi <, SIRRE)L spE 2ol 2
6. How many rooms were there in the house the child was born in (not including kitchen, toilets, storage)?
|| |rooms
Ending time: | | |.| | |AM/PM

Name of the interviewer:

Signature of the interviewer:
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Appendix-3b: Parental main questionnaire (Pdf)

Arsenic exposure in mere and early life and health effects in children and Adolescent SmdyID| | | |
PARENTAL MAIN QUESTIONNAIRE

L 1+ S I I S S S S

Em-p ] 0 1 1 ° 1§ 1 1 |

Starting Time: | i | AM/PM Date:|_|_| | | | |DDMM/YY

Respondent will be the primary caretaker (usnally the mother) of the participant. For gquestions with [child"s name],
please imsert the particpant™s name when asking the qoestion.

Respondent’s relationship to participant:

] A TR T Al S T | e e e e [T ol s ) R R el el T M
Iam going to start by mking you some geseral goestioms about [cild™s name] and your famity.
L P M) TUA YYD Tekar i [child s name] s 2 Ll Yo
{Iff the parent is mot sure about particpant’s birth date, ack the following questions_)
- R [ e [ R O e Ll v B [ )
2 Which grads school is [chifid"s name] = comentiy?

“NA" means the child does not goes o school cmmenthy:

3. 7, fET e T R T SR W A e
3  How sy fmily mombars 170 in your coment bows (incinds both chilidrom and adnbs)?

RESIDENCE HISTORY
{(Eeep imserting the years, hbowse and water source numbers as you ask the following questions in the time log boxzes on the

loose sheet. Staple the sheet at the end of the interview. This is to work ont the historical drinking and cooking water
exposure thromghont the participant’s life time. The detailed gquestions are on the following pages.)

L i ST G T TR
(Insert the vear on the line above, at the spot noted by YOB of the child)

1 [MTETAR AT TEEE A eE T AT i Tmar

2  Hrowyon bosn steying inthe came honse since our Lt visi? O wes —* Goopagel
O i
3. (T A ) TeLEE AT TEaf JUeTE e O W WA Wi

3.  How sy housss kavo you lived in sincs ooy bct wisi{§ months or mom] 7

RESIDENTIAL WATER HISTORY - CURRENT HOUSE, CURRENT SOURCE
secTion HIT1

PARENTAL MATN Draft-22.02.12 QUESTIONNAIERE NO.

Page 1 of 15
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Appendix 4a: Child Main questionnaire

School/Madrasa Water History

Co:__ | [ [ | [ [ ]

RID: ||| [ [ [ [ [ | |

Starting Time: | | |.|_ | | AM/PM Date: | | | | | | |DD/MM/YY

|SCHOOL/MADRASA HISTORY

Q2 SIS TSI T/ THPTR T g e 799 |

Now, we would like to ask you about your school/madrasa.

S, O & I8 Fea1/ TR Are?

1. Do you go to school (currently)?

£

L] =1, IoxM %o / g I Go to Q 3.
[ =1, I9M F0eT / TR T8 a1 Go to Q 2.
(] et %01 / Tmem I’ Go to Page 11.

2. T FT AR 2T RCET?

In which class did you read?

3. Ofl AT TR ATH (AT FAPCHF =Y T FCT / THETT (%2
3. Have you gone to school/madrasa outside your house for at least 6 months?

E 2l /Yes ] I/ No

4. I P @ FE / TGP 2TTR, TN (AF T IR QTHANI AT (@ FCoT / TGP ATTR OF 1 ¢
4. Please tell me what school/madrasas you attended, starting from the current school/madrasa and going back in
time.

Note: List the school/madrasas in the table on the next page. Only identify major changes of location. Start
with the most recent, and move back in time to the earliest. Use as many lines as needed.

Note: After filling out the table, complete School/Madrasa Water Source History section for each
school/madrasa and each water source, starting with the most recent. Numbering of the following pages is as
follows:

Current school/madrasa, current water source: Section S1T1
Current school/madrasa, second to last water source: Section S1T2
Current school/madrasa, third to last water source: Section S1T3, etc.
Prior to current school/madrasa, final water source: Section S2T1
Prior to current school/madrasa, second to last water source: Section S2T2, etc.
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| School/Madrasa Water History

FET FRCFG (IS (AF &T) TFT IS 3 | P I@ U2 | &7 FA9 | T FA
School/madrasa Activity F corg et | B corsT ey | ANy e
Note: Start with most recent T FfeE? o1 zeafeeT? (AR (AR
school/madrasa. In what year did you In what year did you FO A FO T[T
start this stop attending this
school/madrasa? school/madrasa? %?What %
was your age | What was
when you your age
started when you
attending? stopped
attending?

CON oV @i:ﬂa. W%? (What is your current school/madrasa?)

S1) W/SHE}TT q S (Name of School/madrasal)

A AT (PN FCT (AT ? What school/madrasa did you attend before that?)

S2) Wm 9 9 (Name of School/madrasa 2)

#2)?

Q 0T WIC (FIN FCET (ATO? (What school/madrasa did you attend before

S3) FA/TWAT § NN (Name of School/madrasa 3)

O T (P FCeT (ATO? What school/madrasa did

S4) FS/TWAT § NN (Name of School/madrasa 3)

SCHOOL/MADRASA WATER SOURCE HISTORY--CURRENT SCHOOL/MADRASA
S1T1

CURRENT SOURCE

1. 0T QMG SR (School/madrasa number from Page 2):

2. O T I AHPT @ A e 717 F FifS (24s e e

2. Do you take all your water from home to your current school/madrasa?

L T/Yes — Go to Page 7.

1=/ No—>GotoQ3

(] % #1f <17 1 / Does not take water at school — Go to Page 7

3. FETd A THPAR i 52

What is the address of the school/madrasa?
Jif%x 91 (Name of the house)
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(Nearest landmark)
& (Village)

4a, F0eT ol & @36 @ T (A 21 < Tl qifas T (A M1 <he?
4a. In school/madrasa, do you get drinking water from just one source or more than one
source (check)?

O W@ @3 (Just one) [ «tFa @ (More than one) = Go to Q 4c
4b. i) AN BT 67 (IR (AT AT A8 ? (T T 91 FCAT T FF N BT F4A?)
4b. 1) What is the water source?

(Probe: What is it? For example, which tubewell, pond? What is the location?)
ii) Sample collected Y / N iii) Sample code number
1V) Location or TW DD # .o e

4c.
4c.

5.
5.
each of t

or Name 0f the tUbe Well OWNeT ... uint it e ettt ettt e et eieeneaeeneanennens

FTOGTE! T TS AN ANa?

(How many sources?)

IR A T TET (IR ICAT N (SR (AP F© Ol A Ane, i At e

Please tell me the location of all your water sources, and how much of your drinking water you obtain from

hese sources.

Note: Identify each source so that it can be located. Write in the location. Circle the proportion for each
source and make sure the proportions add to one for all the sources combined.

Sa.

i) What is the primary source of drinking water?

i) OfT AACECT @A A (@I T (AF Ara?

ii) @ AT T (AF F© Al A Wrewr z7?

ii) What is the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number

270 I 0T 1510 ) & P

or Name

Sb.
Sb.

Of the tUDEWEIl OWNET .ttt e e ittt ettt e i eie e eneanenns

) OfT faSiTe (@ T (AT M1 <re?

i) What is the second source of drinking water?

i) @ BT (AT & wAfarer o1 anezr =372

i) What

is the proportion of water you use from this source?  <1/4, 1/4, 1/2, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number
R8I0 00T 1 1o

or Name

Sc.

ii) What is the third source of drinking water?)

of the tubeWeEll OWNET oottt ettt et

i) TOE oI ~Afa Tt 5o

i) @3 NfTT BT (AT F© Al A e T7@?

ii) What

is the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4
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iii) Sample collected Y / N iv) Sample code number

A0 I8 7 To7: 15 10 o N

5d. ) TOINR gy iR T
ii) What is the fourth source of drinking water?)

i) @3 NfT BT (AT F© AAfzrer #if areqr =32
ii) What is the proportion of water you use from this source? <l1/4, 1/4, 1/2, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number

R0 I8 I To7: 15 10 o N

HHE 2o Te@ ‘o’ fxdl ‘a’ Ted wel

Please answer the next question with a “yes” or “no”.

6. G I E AT TONE IR AT TR fF @ e e

Was there any change in your drinking water source while you attended your current school/madrasa?

[ ENAE Fill out pages 5-6 IF THERE WAS A CHANGE in the water source at the CURRENT
SCHOOL/MADRASA while the participant attended current school/madrasa. Insert a copy of pages 5-6 for
EACH ADDITIONAL CHANGE in water source at the CURRENT SCHOOL/MADRASA, going back in
time. Fill in the water source number on the upper right corner, S1T2, S1T3 etc.

L=/ No If the participant has ONLY ONE SCHOOL/MADRASA listed on
page 2, go to page 11.

If participant has MORE THAN ONE SCHOOL/MADRASA listed on page 2, fill out pages 7-8. Insert a copy
of pages 7-8 for EACH ADDITIONAL SCHOOL/MADRASA listed, going back in time. Fill in the
school/madrasa number on the upper right corner, S2T1, S3T1 etc.

SCHOOL/MADRASA WATER HISTORY — CURRENT SCHOOL/MADRASA, CHANGE IN WATER
SOURCE SI1T D (Fill in source number)

Note: Insert a copy of pages 5-6 for EACH CHANGE in water source at the CURRENT
SCHOOL/MADRASA, going back in time. Fill in source number on the top of the page.

la. G IS e AFIAS O A T F6 I I AR ?

la. How many changes in drinking water sources occurred while at your current school/madrasa?

Ib. @F IOR G @ oR/fs oifaa Ty we IE@?

1b. In what year did the change in drinking water source occur?
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lc. ©IF TSN P T ey
lc. How old were you then? Years

Note: If there is a discrepancy in Q1, please clarify it with the participant.

2a. e A o7 el TRF A, O F @I Wa TR W S A GifEes T ¥ A ?
2a. Before the change in water source, did you get drinking water from just one source or more than one source

(check)? O W@ @& (Just one) > Go to Q.2b
[0 < @ (More thanone) = Go to Q.2¢

2b. i) o7 BT & fesi? @I WE SAHRES? (I 9 2ffe QU A 2[R, =1 By Ie1?)
2b. i) What was the water source?
(Probe: What is it? For example, which tubewell, pond? What is the location?)

ii) Sample collected Y / N iii) Sample code number
1V) Location of TW ID # ..ouiniii i e

or Name 0f the tUDEWEIl OWNET . ..o vttt ittt e ettt ettt et e e etreneaneneenenns

2¢. FeE O (A ARt ? (How many sources?)

3. R AR T el RN IE SR @GN @WE T ol SifARce R o IEy
3. Please tell me the location of all your water sources, and how much of your drinking water you obtained
from each of these sources.

Note: Identify each source so that it can be located. Write in the location. Circle the proportion for each
source and make sure the proportions add to one for all the sources combined.

3a. ) TONIR 2 Sffw T e
i) What was the first source of drinking water?

i) @ #HfA7 T W F@ oA SAfee?
i1) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number
V) Location or TW ID # ... oninii e e e

or Name 0f the tUDEWEIl OWNET . ..ottt ittt e ettt ettt e e tee e eneeneaneneanenns

3b. ) o el Slifg T 2

i) What was the second source of drinking water?

i) @ "7 T @WE Fo AW e 3y

ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

ii1) Sample collected Y / N iv) Sample code number
1V) Location or TW ID # .o e e

or Name O the tUDEWELl OWINET . ...ttt et et ettt ettt e e enenans

3c. ) TN wo #ifdg Te 7

i) What was the third source of drinking water?
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i) 98 i3 THT UF I oAl off e T2

ii) What was the proportion of water you use from this source? <l/4, 1/4, 12, 3/4, >3/4
iii) Sample collected Y / N iv) Sample code number
1V) Location or TW ID # ..o e

or Name 0f the tUDEWEll OWNET . ...t . ittt et ettt ettt eeee e enenenans

3d. ) TONR B AR T 7

i) What was the fourth source of drinking water?

i) @ #ff"7 T W F@ o S weq e
ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number
iv) Location ofr TW ID # ..o e
or Name of the tUbeWell OWNET. ... .ouu ittt ettt et enns

4 ofgafs oo Gow ‘o fdl ‘A’ Tew wie | ¥ SN e Tomi YR ol SoR W

4. Was there any other change in your drinking water source while you attended your current school/madrasa?

D 21/ Yes Insert a copy of pages 5-6 for EACH ADDITIONAL CHANGE in water source at the

CURRENT SCHOOL/MADRASA, going back in time. Fill in the water source number on the upper right
corner, S1T2, S1T3 etc.

D 4l / No If the participant has ONLY ONE SCHOOL/MADRASA listed on page 2, go to page 11.

If participant has MORE THAN ONE SCHOOL/MADRASA listed on page 2, fill out pages 7-8. Insert a copy
of pages 7-8 for EACH ADDITIONAL SCHOOL/MADRASA listed, going back in time. Fill in the
school/madrasa number on the upper right corner, S2T1, S3T1 etc.

SCHOOL/MADRASA WATER SOURCE HISTORY — PREVIOUS SCHOOL/MADRASAS,
LAST SOURCE Section S|:|T1 (Fill in school/madrasa number)

Note: Insert a copy of pages 7-8 for EACH SCHOOL/MADRASA listed, going back in time. Fill in the
school/madrasa number on the top of the page.

1. TR R (School/madrasa number from Page 2):
2. N SR = At R I @ R @e?
2. Did you take all your water from home to your previous school/madrasa?)

L] 2t/ves > Go to Q 6. (instructions)
L] 91/No >Goto Q3
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] T 2 4RIV Did not take water at school — Go to Q 6. . (instructions)
=R el 3 fedy
3. What is the address of the school/madrasa? i<l (Para)

[l TR (Post office)
SN (Village)

4a. @ =t oW ¢ g3 Wa T @@ AR 9 @i ds T @@ sifics?

4a. In that school/madrasa, did you get drinking water from just one source or more than one source (check)?
O @ «=fo (Justone) > Go to Q.4b
L a1 @’q‘ﬁ (More than one) = Go to Q.4c

4b. i) #ifg T & festy @il @ SAfHRee? (I A offe FaA Al o, Al GiRN )

4b. i) What was the water source?

(Probe: What is it? For example, which tubewell, pond? What is the location?)

ii) Sample collected Y / N iii) Sample code number

iv) Location or TW ID # ..o e

or Name of the tubewell OWNET ... eeu ittt et

4c. FOE T A AARCS?

4c. How many sources?

5. R~ T @ @R o @ SR @A WE IO Ol SifAce O A 6@y

S. Please tell me the location of all your water sources, and how much of your drinking water you obtained from each of these sources.

Note: Identify each source so that it can be located. Write in the location. Circle the proportion for each
source and make sure the proportions add to one for all the sources combined.

5a. i) TONE 2 ofifFg Tew 57

i) What was the first source of drinking water?

i) @@ 77 T @WE Fo o oA Weq T

ii) What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4
iii) Sample collected Y / N iv) Sample code number

72 I 0T 15 1 ) & P
Name 0f the tUDEWEIl OWNET . ...ttt ettt e ettt ettt aeaeaeaeennns

5b. ) o el Sl B 7

i) What was the second source of drinking water?

i) 98 3 T F T oAl off e T9?

ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4
iii) Sample collected Y / N iv) Sample code number
1V) Location or TW ID # ..ot e
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or Name 0f the tUDEWEll OWNET . ..t ettt it ettt ettt e et eteeteerenrenenneneananns

Sc. ) TONI G A7 Teo 7

i) What was the third source of drinking water?

i) @ #if7 T WE F@ ofawe A eq 7w

ii) What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4
iii) Sample collected Y / N iv) Sample code number

1V) Location of TW ID # ..o e e

Name of the tUDEWEIl OWINET . . vttt e e ettt ettt et ettt eeneneeneanennens

5d. ) TONR B AR T 7

i) What was the fourth source of drinking water?

i) @2 #ff77 T W Fo o S weq 3wy

ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number
1V) Location or TW ID # ..o e e
or Name of the tubewell OWNET........coiiiiiiiii i i i i

HRE 2o T ‘o’ kAl ‘q’ Ted we |

Please answer the next question with a “yes” or “no”.
Y

6. PR G R [0 O (oNF IR 27 oW F 7 I 2@ee?

Was there any change in your drinking water source while you attended? (fill in the appropriate school/madrasa number)?

LI 251/ ves Fill out pages 9-10 IF THERE WAS A CHANGE in the water source at the PREVIOUS
SCHOOL/MADRASA while the participant attended that school/madrasa. Insert a copy of pages 9-10 for
EACH ADDITIONAL CHANGE in water source at the PREVIOUS SCHOOL/MADRASA, going back in
time. Fill in the school/madrasa and water source number on the upper right corner, S2T2, S2T3 etc.

L1 41/ No If the participant does not have any more school/madrasas listed on page 2, go to page 11.

Insert a copy of pages 7-8 for EACH ADDITIONAL SCHOOL/MADRASA listed, going back in time. Fill in
the school/madrasa number on the upper right corner, S2T1, S3T1 etc.

SCHOOL/MADRASA WATER HISTORY - PREVIOUS SCHOOL/MADRASAS, CHANGE IN
WATER SOURCE SECTION SDTD (Fill in school/madrasa source number)

Note: Insert a copy of pages 9-10 for EACH CHANGE in water source at the PREVIOUS
SCHOOL/MADRASA, going back in time. Fill in school/madrasa number and source number on the top of
the page.
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la. T AP O A T IS I WA TR ?

la. How many changes in drinking water sources occurred while at school/madrasa # (fill in appropriate school/madrasa
number)?

b, W@ 0 9N e SfFg Tor e wm?

1b. In what year did the change in drinking water source occur?

lc. O O I I 2A? How old were you then? Years

Note: If there is a discrepancy in Q1, please clarify it with the participant.

2a. Q@ = WY & 9T W T @@ AfFcats A @i ds Ty @ SAfee?

2a. In that school/madrasa, did you get drinking water from just one source or more than one source (check)?

O 9@ &% (ustone) = GotoQ2b
O g @ (More than one) - Goto Q2c

2b, i) #ff77 Te1 [ foely @Al (A St ? (T A1 e IR A 2Fd, A1 5iRN Fel?)

2b. i) What was the water source?

(Probe: What is it? For example, which tubewell, pond? What is the location?)

ii) Sample collected Y / N iii) Sample code number
1V) Location or TW ID # .o

or Name of the tubewell OWNET........oiiiiiii i i i

2c. FEEE T W AANES? (How many sources?)

3. R AR TS ofE@ @R fed IE 9" @INE @E T ol SifAee o’ o e 3@

3. Please tell me the location of all your water sources, and how much of your drinking water you obtained from each of these sources.

Note: Identify each source so that it can be located. Write in the location. Circle the proportion for each
source and make sure the proportions add to one for all the sources combined.

3a. i) TONIF 2 AifT T fF oe 2

i) What was the first source of drinking water?

i) 98 3 BT F T offFwiel i 3re?

ii) What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number
1V) Location of TW ID # ...uiniiii e e

or Name 0f the tUDEWEIl OWNET . ...t u ittt e et e e e ettt et e e e eenens

3b. ) TeE e SfFg Tt 5 ey

i) What was the second source of drinking water?

ii) 98 3 THT F T Wil i Wce?

ii) What was the proportion of water you use from this source? <1/4, 1/4, 172, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number
V) Location of TW ID # ...uiniii e

or Name 0f the tUDEWEll OWNET . ...t .ttt ettt ettt ettt e e e eenenens

3c. ) TONI wol ifRg T 6 e ¢
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i) What was the third source of drinking water?

i) % #Hf77 T W F@ oA o e

ii) What was the proportion of water you use from this source? <1/4, 1/4, 1/2, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number
1V) Location of TW ID # ..ouiniieii e e e e e

or Name 0f the tUbeWell OWNET . ... .ttt et et ettt ettt et e e eananans

3d. ) TONI 59 g Te fF foet 2

i) What was the fourth source of drinking water?

i) @2 #ff77 T WF Fo e #if o7 @ese

i) What was the proportion of water you use from this source? <l/4, 1/4, 172, 3/4, >3/4

iii) Sample collected Y / N iv) Sample code number
V) Location of TW ID # ..ouiniii e e

or Name 0f the tUDEWEll OWNET . ..ottt et e et ettt e et e e enreneaneneanenns

6,9 6_.9 ay
4. AAS Ao Te@ @l A AT Te we | [ 9N = A0S G (O AR
e St & S W e
4. Was there any other change in your drinking water source while you attended (fill in the appropriate school/madrasa
number)?

D 21/ Yes Insert a copy of pages 9-10 for EACH ADDITIONAL CHANGE in water source at the
PREVIOUS SCHOOL/MADRASA, going back in time. Fill in the school/madrasa number and water source
number on the upper right corner, S2T2, S2T3 etc.

D Al / No If the participant does not have any more school/madrasas listed on page 2, go to page 11.

Insert a copy of pages 7-8 for EACH ADDITIONAL SCHOOL/MADRASA listed, going back in time. Fill in
the school/madrasa number on the upper right corner, S2T1, S3T1 etc.

ACTIVE SMOKING

Q47 erEefer 20 COITR GR#I1H TC |

Now, I will ask some questions about your smoking habits.

3a. of¥l & 2= Frieas At f[{f wne? 1 2T /Yes

3a. Do you smoke cigarettes or bidi? O ST/ No Skip Q 3b and 3¢

3b. O AR & gl T2
3b. What do you usually smoke? L] f&fe (bidi)
[] et (manufactured cigarettes)
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3c.  of e 6T PreIeaG Wne?

3c. About how many cigarettes do you smoke each day?

Endingtime: | | |.| | | AM/PM

Signature of the interviewer:

Interviewer Code: | | |
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Appendix-4b: Child main questionnaire

Arsenic in utern snd early life snd heslth effects in children and adolescent Sty ID | |

SchoolMadrasa Water History

CID: | | 11
RID: |
Startimg Time: | | || | | AMPM Date: | | 1 | | | |DD/MMYY
ISEHOGIJLL!DBASA HISTORY
<7 Tl TR T TR TNCE Ty A
How, we would like to ask you about your school'madresa
B, TR TR T AT e
1. Do yon go toschool (oorrenty)?
O er, Aguigd gem S rarry qm Go to Q 3.
O o, agali g Jora=r wu - Goto Q L
O et e Wiy =17 Win i Go to Page 11.
IO LI F Bl Kl My [ (o504

2. In which class did you read?

ER e v i et e Bl ook e ok ) e s B
3. Have you gone to school'madrasas ontside your house for at lesst § monthe?
O #1iVes O -1vMo

R Bl T I B T R o O T T o e T PR TR R T S e A R

4. Please tell me what school'madrasas you attended starting from the corrent school ‘madrass and geing back in
fims.

Mote: List the school'madraszas in the table on the next page. Only identify major changes of location . Start with
the most recent, and move back in fime to the earliest. Use as many ines as needed.

Note: After filling out the table, complete SchoolMhladrasa Water Source History section for each
school'madraszs and each water sonrce, starting with the most recent. Numbering of the following pages is as

follows:

Current schoolmadrass, corrent water somroe: Section 51T1
Current schoolmadrass, second to last water somroe: Section 51T2
Current school'madrasa, third fo last water somrce: Section 51T3, efc.
Prior to carrent school'madrasa, fimal water somrce: Section 52T1
Prior fo corrent school'madrasa, second to last water somrce: Section 52T2, efc.
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Appendix-5a: Respiratory Health Questionnaire

RESPIRATORY HEALTH QUESTIONNAIRE

Starting Time: | | .| | | AM/PM Date:| | | | | | |DD/MM/YY
Respondent’s relationship to participant: CID:| | | | L 1 11
RID: | [ | ]
1. Q¥ IfSy fog o) fEreeptt $99 (TG )’ TR S 2002 6 T T T |
1. Now I would like to ask a few questions about any coughing [child’s name] might have experienced.
la. 1S AT W, (TGt =) "7 fF AWG FHCT I T TN A FRE A T ({F A2
la. In the last 12 months, has [child’s name] usually seemed congested in the chest or coughed up phlegm (mucus) when he/she had a
cold?
D %T /Yes
D I/ No
1b. S T T (Ut ) & 717 =l & % ol A1 FIHR A T (@9 AR ?
1b. In the last 12 months, has [child’s name] usually seemed congested in the chest or coughed up phlegm (mucus) when he/she did not
have a cold?
O %/ ves
O s /No> GOTO Q.2
le. e AT AT, (TET ) S AR @A T (TR 8 A AfKF o) @ ©
AR, LF T G AT *[ T FF (IT ZCACR ?
lc. In the last 12 months, has [child’s name] usually seemed congested in the chest or coughed up phlegm (mucus) on most days (4 or

more days a week) for as much as 3 months of the year?
O &1/ ves
O «1/No> GoTO Q2

1d. PO IRT @ TV RCACR ? For how many years has this happened? | | | TRT (Years)
2. IS T TET (U =) @ @ & AN 2or SHr i 2w 2
2. In the last 12 months, has [child’s name] had a dry cough at night, apart from a cough associated with a cold or chest infection?
D wQ’T/Yes
D I/ No
Wheezing
3. Q¥ Ty en fereerir s9a (TG ) JCF (FIF A3 A/ 2T o7 =% A GFpre AT
TS AGTTOI FAATHF |
3. I would like to ask some questions about any wheezing or breathlessness [child’s name] may have ever experienced.
3a. (TR 1) 5 TSITe / QI FAS {3157 (T 9750 7 N0 ANL A3/ 27 A *f qt f&ior
(MR O *H JACR ?
3a. Has [child’s name] ever had wheezing or whistling in the chest at any time in the past?

130



3b.

3b.

3c.

3c.

3d.

3d.

3e.

3e.

3f.

3f.

3g.

3g.

3h.

3h.

D wQ'T/Yes

D I/ No
o A T (TUTTR W) & S8 FAPT @_19 AT I W A2 AL/ AT 9T #% qA
197 (IR T 191 ROAR 2
Has [child’s name] had wheezing or whistling in the chest in the last 12 months?
D T /Yes
O 5/n0 2 GOTOQ. 4a
(g B/ AT oI %1 (FT~UTE ) T® AT AT, FOJ1F AACR ?

How many attacks of wheezing has [child’s name] had in the last 12 months?

O s amest (None) O s @woam (1to3)
O s ssam (4to12) O sy<icm st (More than 12)

T I AT, 93 AL AL/ AT AT *7F &y, (TR ) SR Fifare 10e Fod I (St
T ?
In the last 12 months, how often, on average, has [child’s name]’s sleep been disturbed due to wheezing?

O FYZ A (Never)
D HECR ARG FI (Less than one night per week)
O IRIZ FF@/ FAGF  (One or more nights per week)

NS T MET, PTG AR AR/ 517 517 *% Y7 (@ 274 &, (TE )’ 7 5 Fee
O ZCACZ (T G5! AT BT *THT N (40T (A9 & A0S 200 ?

In the last 12 months, has wheezing ever been severe enough to limit [child’s name]’s speech to only one or two words at a time
between breaths?

D %T/Yes
O «i/no
S A T, (YT W) 5 e QBT AT LT (AT A e [F o AR AR *w
RACR ?
In the last 12 months, has [child’s name]’s chest sounded wheezy during or after exercise?
D wQT/Y&:S
D I/ No
' I WET (T~U ) & g 2T A1 AR (AEE 7 IS FRAS @ e
@3 {Z AR = AR ?
In the last 12 months, has [child’s name]’s chest sounded wheezy when he/she had not taken exercise?
D ?EKT /Yes
O s/n
' I WA, (T~uTe =)’ 7 & 7% 1 %] Ff s ow e AR A2 19 A R orema

oo *% AR ?

In the last 12 months, has [child’s name] had wheezing or whistling in the chest when he/she had a cold or flu?
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D i‘T /Yes

O s1/no
3i. o JTET T, (Tt W)’ 7 5 AT 21 %, S @ =Sl 3o A2 A2 = 1 e orem
O AN FCAMRH ?

3i. In the last 12 months, has [child’s name] had wheezing or whistling in the chest when he/she did not have a cold or flu?

D ﬁT /Yes

O «/no
3j. © I T, (TYeTE )’ T {01 Ty 3112 TS *9 (@GRS 2 (Cross all that apply).
3j. In the last 12 months, what has made [child’s name]’s wheezing worse? (Cross all that apply).

D AR, &L, FI9G T A TSI AR / Soaps, sprays or detergents

(Notes: Sprays include cleaning products, room freshners, insect killers & repellent, perfumes etc)

D RIS ﬁﬁﬁ? A/ Cigarette or bidi smoke D Q0 / fumes

O TS (9 / Pollen O =1t if# / Colds or flu

D KAl / Dust D S[I9RI\SAT / Weather

O <= 3t @ AR / Foods or drinks O sz S, BTSS! / Emotion

O TTEF 191G/ Wool clothing

D SR ﬁqi / Other things (please list below)

Shortness of breath

4a. (TUER W) [ G0 FLTS YT P FCEF Gy T (0F TR ?
4a. Has [child’s name] woken up with shortness of breath at any time in his/her life?
D i‘T /Yes
D T/ No
4b. (TR 1) & QT F8 J0F B171- B9 O @3 &y AR Fifars g (S0er g ?
4b. Has [child’s name] woken up with tightness of the chest at any time in his/her life?
D 2T /Yes
D T/ No
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4c.
4c.

4d.
4d.

4e.
4e.

(TG W) 5 Srereife 50 (olteT AT G5 Tre $ITw (o1t AT T 2

Does [child’s name] get shortness of breath walking fast or climbing up?

D %’T/Yes
D </ No

(TR W) & T SCS A AYT AT TR 0T 260 (9N AT TR 2

Does [child’s name] get shortness of breath walking with other children of his/her own age on level ground?

D %’T/Yes
D </ No

(T~YTTR AIN) fF AT S T e I A=~u Lo T 417 fre wifew #ite 2

Does [child’s name] have to stop for breath when walking at his/her own pace on level ground?

D %’T/Yes
D </ No

Other illnesses

6a.
6a.

6b.
6b.

Ta.
7a.

7b.
7b.

(CT~UeTa 9%)'F & @R ausr / Frenfa ar o e 2

Has [child’s name] ever had asthma?
O T /Yes

O =/
(TR W) (F (@I Sie T8 F IR (@ &7 Wi 2@ ?

Has [child’s name] ever been told by any doctor that he/she has pneumonia?
D %’T / Yes
O = /No=> GOTOQ.7a
(TR I (& TS IR N (FF TSR F q0er (@ e oo 2z ?

Has [child’s name] been told by the doctor that he/she has pneumonia in the past 12 months?

D %T/Yes
O I/ No

(TUEE W) (& (@I Tre Fe F e @ eF B a1 T 2wy ?

Has [child’s name] ever been told by the doctor that he/she has tuberculosis?
D iﬁ / Yes
O=r/ Nno>GoT00Q.8

(T YT ) (& oS @ N (FIF Tied i e @ o7 B a1 o= zewg 2

Has [child’s name] been told by the doctor that he/she has tuberculosis in the past 12 months?

D %’T/Yes
O =/
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8. Qe fog o 799 (YR TIN) TR T 8 At et 7 |
8. Now I would like to ask you some questions about [child’s name]’s general health and environment.
9a. (T W) TRNZ FOAIT A4 =ATE AT (T P15 FIOT, A ST ) AT e (@
T, fte0, (RIARR, SR, AT FIGT AT AR I T 2
9b. How many times a week does [child’s name] engage in vigorous physical activity (like chopping woods, pulling rickshaw etc.) and
playing games like football/soccer, cricket, catching, I spy you, swimming, cycling etc.)
D FUFE AN AN ACIAE (Never or occasionally)
O AR A9 9l W (Once or twice per week)
O et foqa At A (Three or more times a week)
9c. (T~ ) TAF €3 MER / AT T et o2 AfTre 5 @ I 9ia (@ (@ieT fze?
9c. Did you have one or more cats in your home while the mother of [child’s name] was pregnant with [child’s name]?
D %T /Yes
D </ No
9d. (UG FIM)'T S A AT GF I=F T 7S 9 ;\5 e F @3 9T 9t @ @@Wfﬁf ?
9d. Did you have one or more cats in your home during the first year of [child’s name]’s life?
D %T /Yes
O =t/
SKIN LESIONS

THIS SECTION SHOULD ONLY BE COMPLETED AFTER THE PARTICIPANT HAS UNDERGONE THE MEDICAL
EXAMINATION.

Based on the results of that examination, if the participant has no skin lesions, skip this section. If the participant has indications of skin
lesions, ask the mother the following questions.

Q3 g ene T (TR W) T R =GR Al T |

I would like to ask you about [child’s name]’s skin pigmentations.

1.
1.

la.

la.

1b.

1b.

lc.

lc.

(T~EE )’ =7 F @ RBRE we =g 2

Does he/she have pigmentation anywhere on his/her body?

D %T /Yes

O =i/no (Goto Q.3)

In which year did the pigmentation changes first appear on [child’s name] skin?

Where on [child’s name]’s body did it first occur (describe)

(TR FIW)'F *RAE 2RI (S 27 (A0F 93 Biees vt ot foeaeg 2

| Year

(FT~YTTE TN) 7 >R (I SR &L Q27 Ao (74t acafeet (3¢ wre) 2

(T~YTTR TIN)'q ©4F T T e ?

How old [child’s name] was then?

|| Years
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2. (TYUR FIN) 1S 93 IR & 93 =BG AR @ 357 “IfFTeT (741 (977% ?

2. In the last two years, have [child’s name]’s pigmentation changes improved, worsened or stayed the same?

D RllGIERrTc] improvedD R Wi/ WorsenedD GFZ T / stayed the same

3, (T~YCE )’ I 5 (@I BN =& 29 T (7 (7R ?
3. Does he/she have thickening anywhere on his/her body?
D %T /Yes
D I/ No (Skip all other question)
3a. FI K (™Y S1I) BINS! *& I %9 (Al (TR ?
3a. When did signs of skin thickening first appear (year)? | | | | | Year
3b. TP 99 (™Y W) BINT[ *1S Z0O AN TF] FCACR ?
3b. When did you notice the skin thickening first (year)? | | | || Years
3c. R I ST (FT™YTTE 1) AT BIGT ¥& ZCS (T (717R ?
3c. Where on [child’s name]’s body did the thickening first occur (describe)?
O =z (palms) O iz o= (soles)
3d. oL (T~ )T I T T 2
How old was [child’s name] then? || | Years
Ending Time: | | |.| | | AM/PM

Interviewer Code: | | |

Interviewer Signature:

Appendix-5b: Respiratory Health Questionnaire (Pdf)
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SmdyID| A |C|R|H]|

RESPIRATORY HEALTH QUESTIONMAIRE

Startimg Time: 2 AMPM Date: ] DDVRMWTYY
Fespondent’s relstionship to partcipamnt: CILx:
RIDx |
L W A ":'“g v Iy ovgr (e ara e apTiir APiA G130 [ a1 nH = e
L How I 'would Bk to ask a fowr quessions shont amy conghing [child's mma] mmight have operionced.
I " T T, LR s T i s e weae T v e e o e
In In the last 17 months, has [child's nams] nxally seemed congersd in the chest or conghed wp philogrs (mmens) whon ha'the had a cold?
O = mves
O =
1k Pedee e | (T wE R T Tl I T T A T4 TR T (T O
The In the last 12 months, bas [child's name] wsally sesmed congesied = the chest or conghed wp phlegr (maons) when bo'she did pot baes
a cold?
OO0 snives
O = te>coTOQ2
irs e <] W ERR LR T e O R L R [ BT P T T £ R R U (RO
P ke L A A iRd MO AR Do SRS P
e In the last 17 months, has [child's nams] nxmlly seemed congersd in the chest or conghed wp philogrs (mmens) om most days (4 or mor

dorys 2 wroek]) for as mmck as 3 mose of the yoar?
O N/ Ves
[0 =i te > GO TO Q2

1d beo SERF 43y SQIF P For bow many years has this bappened? 1 | |9 Years)
2 T T T, [T T T AT GO TR T T S T
3 In the last 12 months, has [child's name] bad & dey comgh at night, spart from a cough assccisied with a cold or chest mfection?
D Lyl
1
Wheering
3. T g v Tarml ] ez s [l sl Aok Gl 515 F1E UM te M ¢ aits 3G BT N
b e |
. 8 Twomld liko o 2k voms guastions shout amy ng or [child s mareg] mory hanvs over sapariomced.
Ja [T ) T oA W PN s AR FRT IR R T IS S A e T
AT TE YT TR, ¢
3a Han [child™s neeme] gyey bod wheesing or whisiling i e chestat any time = e past?
OO Sives
T
e % ) T b rord v R e e e e e e Roacer B e pea de e Il e o el e

arn RS YT TR Y
3h. Eias [child"s nams] had whesring or whisting in the chest i the laet 12 meogsy?
O #irves
O -1 = GOTOQ. 42

COMBINFD EFSPIRATORY HEALTH (UESTIONNAIEE QUESTIONNAIRE: 2
FINAL DEAFT 12/41°08

Papel of 5

Appendix-6a: Physical Examination and Biological Samle Checklist

PHYSICAL EXAMINATION AND BIOLOGICAL SAMPLE CHECKLIST
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1. Examination Information

la. Date of Exam T A O
DD/MM/YY

1b. Time of Exam (write in and circle AM/PM) .|| AM/PM

2. Physical Development

One team member to record two measurements each of height and weight.

2a. Height (cm) | | | |- |
1**Measurement

d
| | | |- | 2"
Measurement

2b. Weight (kg) L
1*'Measurement

Measurement

3. Blood Pressure Measurement

2a. Blood pressure (Systolic/Diastolic) mmg | | | /| | |
1**Measurement

d
| | | /| | | 2°
Measurement

4.1. LUNG FUNCTION MEASUREMENTS

Lung function measurements with spirometry. Primary parameters: FEV, FVC,
FEV/FVC, FEF;s5.75, FEF5.75/FVC, FEF7s.

The EasyOne model spirometer displays, saves and can output data to a printer or PC.
The readings taken will be saved and printed out.

4.1a. Spirometer Output Printed Out [ ves O No
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4.1b. Number of Spirometry Attempts | | Runs
4.2. Lung Symptoms and Signs

4.2a. Lung Symptoms

Cough O ves O No
If yes, please

specify
Breathing difficulty [ ves I No

If yes, please
specify

4.2b. Lung Signs
Breath sound O vesicular [ Bronchial

O vesicular with prolonged expirationl:l Other added
sound (specify)

4.3c. Additional Lung Symptom and Sign Observations (Specity)

4.4d. Any other physical/systemic findings?

O ves O No

If “yes” please specify

5. Drug history

Sa. Is the [child’s name] taking any medication? [ ves O No

5b. If yes, please specify

6. Skin Lesions OR Skin Changes

6a. Does the participant show signs of hyperpigmentation, hypopigmentation, or both?

O No Pigmentation Changes [ Melanosis (Early Stage)
W Hyperpigmentation O Hypopigmentation
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[ Both Occurring Side-by-Side

6b. Location of the pigmentation change (mark or write in):

[ Chest/Torso [ Back
O Arms O Legs

6¢. How confident are you that [child’s name]’s pigmentation changes are arsenic-induced?

[ Definite [ probable
[ possible [ Not arsenic related

6d. Does the participant show signs of keratoses on the palms or soles or both?

[ No Keratoses [ Keratoses on Palms

[ Keratoses on Soles [ Keratoses on Palms and Soles

6e. If participant shows signs of keratoses: Is it nodular, elevated or flat?

I Nodular [ Elevated O Flat

6f. How confident are you that [child’s name]’s keratoses changes are arsenic-induced?

[ Definite [ probable
[ possible [ Not arsenic related

6g. Photographs should be taken of suspected skin lesions. Were photographs taken of this
participant?

O ves O No

6h. If no, explain why photo could not be taken.

7. Blood sample taken O ves O No

If no, please specify the reasons

8. Urine Sample

Spot urine samples should be taken and frozen at sub-center.
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8a. Was a spot void taken? [ ves O No

8b. Total number of urine samples from this participant (circle or write in): 1 2 3

8c. Time of sample (write in and circle AM/PM): L .1 | | AM/PM

8d. Was urine sample frozen? O ves [ No
8e. Result of urinary protein test (circle): 0 (nil) 1+ 2+ 3+ 4+

8f. Result of urinary glucose test (write in): mg/L

8g. Was blood observed in urine? [ ves O No

Name of Physician Signature of
Physician
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Appendix-6b: Physical Examination and Biological Samle Checklist (Pdf)

Arzemic in lifie and effiects I childhood and Adolescence 5 m
PHYSICAL EXAMINATION AND BIOLOGICAL SAMPLE CHECKLIST
cm- 1 ] § 1109111
R } (-1 1 [ § ] f ]
L Fakmisialiin Fal 4
la. Date of Exam Lo f v ) v ] DOMAIYY
1b. Time of Exam (write in and circle AM/PM) 1 J.L_ 1 |AMPM

2. Physical Development

Omne team member to record two measurements each of height and weight.

2a. Height (cm) [ | | I | 1"Measurement

| | ] 7! Measurement
b, Weight (kg) ] L] 1" Measurement

| S T S 2% Measurement
u.Blood Fressure Measurement
2a_Blood pressure (Systolic/Diastolic) mmg | | | 4l || 1"Measurement

| | [ | | 7" Measurement

4.1. TUNG FUNCTTON MEASTURFMFENTS

Lung function measurements with spirometry. Primary parameters: FEV, FVC, FEVVJ/EVC,
FEFas7s, FEFsFVC, FEF =

The EasyOne model spirometer displays, saves and can output data to a printer or PC. The
readings taken will be saved and printed out.

4 1a. Spirometer Cutput Printed Cut O ves O Mo

4.1b. Number of Spirometry Attempts | | Pxms

4.1. Lung Sympioms and Signs

4 2a Lung Symptoms
Cough [ Yes O ™o
PHYSICAL EXAMINATION AND BIOLOGICAL SAMPLE CHECKLIST
DRAFT 220212 QUESTIONNAIRE: 1
Page 1 of 3
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Appendix-7: Article published on respiratory effects by early life Arsenic
exposure observed in cohort phase-1

Puubiaeed by Ol Unive sty Press on behalfl of he ] oie s tiona] Epidemiolgicdl Asociaion ’ fomeal Josirrur! of Bpilawiolge 200 34210071 (86
© Thee drhur 2013 ol righs reserved. i 100 09 ey L2

Chronic respiratory symptoms in children
following in utero and early life exposure
to arsenic in drinking water in Bangladesh

Allan H Smith,"* Mohammad Yunus,® Al Fazal Khan,® Ayse Ercumen,' Yan Yuoan,'
Meera Hira Smith,' Jane Liaw," John Balmes,” Ondine von Fhrenstein,™* Rubhana Ragib,”
David Kalman,® Dewan § Alam,” Peter K Streatfield® and Cralg Steinmans™®

! areenic Health Effeds Ressarch Program, Schaal of Public Health, University of California, Berkeley, CA. TSA, ? Indernational
Centre for Diarmhoea] Disease Ressan, Dhaka, Ban gladesh, ‘Dl:pm'l.mﬂﬂ of Medidne, University of California, $an Framcisoo, CA,
U'SA, “Department of Cormmumity Health Sciences, Felding School of Public Health, University of California, Los Angeles, OA, TSA,
*Envimmmental and Ocoupational Health Sdences, School of Public Health, University of ‘Washington, Seattle, WA, USA and
&0ffice of Emvirommental Health Harand Assesment, Califormis Emdinmmenta] Protection Agency, Oaklaned, CA, TISA

*Comesponding author. Arenic Health Effects Research Program, School of Public Health, University of Calibmis, Berkeley,
50 University Hall MC 7360, Berkeley, CA 94720-7360, USA. Banail: ahsmithiiberkeleysdu

Accepted 22 May 2013

Background Arsenic exposure via drinking water increases the risk of chmomnic
respiratory disease in adults. However, information on pulmonary
health effects in children after early life exposure is Emited.

Methods This population-based chort study set in rural Matlab, Bangladesh,
assessed lung function and respimtory symptoms of 650 children
aged 7-17 years. Children with in wtero and eady life arsenic expos-
ure wem compared with children exposed to less than 10 pgd
in wero and throughout childhood. Because most children dmnk
the same water as their mother had drunk during pregnancy, we
muld not assess only in wfere ot only childhood exposure.

Results Children exposed in wiero to more than 500 pg/l of arsenic were
mare than eight times more likely to report wheezing when not
having a cold [odds ratio (OR)=841, 95% confidence interval
(CT}: L6626, F<0.01] and mon than three times more likely
to report shorimess of breath when walking on level ground
(OR=3.86, 95% CL 1.09-137, P=0.02) and when walking fast
or climbing (OR=3.19, 95% CI: 122832 P=<001] However,
there was little evidence of reduced lung function in either exposure
@tegory.

Conclusions Children with high in wfem and early life arsenic exposure had
marked increases in several chronic mespiratory symptoms, which
uld be due to in utro exposum or to early life ecposume, or ©
both. Our findings suggest that arsenic in water has early pulmon-
ary effects and that respiratory symptoms are a better marker of
early life amenic toxicity than changes in lung function measured
by spirometry.

Keywords  Arsenic, lung function, respiratory, pulmonary, & wfem, children
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