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INTRODUCTION

Adverse pregnancy outcomes cause a large publlithhearden because of its
high prevalence, leading cause of neonatal mogbahtl mortality, and environmental
hazards is considered to be potential risk factbhe main causes of many adverse
pregnancy outcomes are not known, but there ieasing evidence that the greatest
impact may have the environment (Bove et al., 2@@@jazzotti et al., 2004; Gehring et
al., 2011).

Fetal development likely depends on a number d@raating factors, including
genetic, epigenetic, and environmental risk factgvandham et al., 2000; Plunkett &
Muglia, 2008). Given different environmental exp@su and individual genetic
variations of pregnant women, the study may rewgamen group susceptible to
environmental hazards and may explain the diffeeena risk of adverse pregnancy
outcomes among individuals exposed to a particetasironmental toxicant (Rothman
et al.,, 2001). Furthermore, enhanced understandfngathologic mechanisms may
allow the development of interventions that canubed to prevent adverse pregnancy
outcomes.

Experimental and epidemiologic studies provide enak that a number of
drinking water disinfection by-products (DBPs),luting trihalomethanes (THM), may
be associated with adverse pregnancy outcomeseiBpitbgical studies suggested that
pregnant women exposed to water containing elevakfdd concentrations may be at
greater risk for adverse pregnancy outcomes, inufuftal growth, but findings of the
studies to date have been inconsistent (Nieuwesgmigt al., 2000; Graves et al., 2001;
Bove et al., 2002; Grazuleviciene et al., 2011).

Numerous studies have shown that maternal cigasettiking during pregnancy
is associated with reduced birth weight or incrdasther adverse pregnancy outcomes
(Windham et al., 2000; Savitz et al., 2001; Sasalkil., 2008). However, not all women
who smoke cigarettes during pregnancy have lowhkmfants. The reason for this
variability is largely unknown, but may be related maternal genetic susceptibility,
since genes involved in metabolic detoxificatiorogasses may be associated with
pregnancy outcomes (Wang et al., 2000, 2002; Nwekual., 2000; Infante-Rivard,
2004).

In human detoxification processes Glutathione Ssfierase (GSTs) catalyse the
conjugation of glutathione to toxic compounds timaty be excreted (Raijmakers et al.,
2001; Infante—Rivard, 2004). The polymorphic GSTildobe characterised as a class
theta enzyme (GSTT1) by means of molecular biologyonjugator’ and "non-
conjugator" phenotypes are coincident with the gmes GSTT1-1 and absence
(GSTT1-0 of the gene activity that may lead to alteredivithal susceptibility to
environmental exposures (Infante—Rivard et al. 20Mier et al., 2003).

Research related to individual susceptibility toviesnmental toxins and
identification of gene-environmental interactioudies is part of modern molecular
epidemiology (Thier et al., 2003). Using moleculapidemiology methods in
environmental epidemiological studies we can emtialihe increased susceptibility of
human groups and explain individual differencesesponse to the same environmental
factor.



The objective of the research was to evaluate the effects okohghwater THM
exposure and tobacco smoking on adverse pregnamtgomes in relation to
Glutathione S-transferase T1 and M1 gene polymerphi

To achieve this objective the following taskere set up:

o To determine individual THM internal dose (mg/dYidg pregnancy.

o To asses§&STT1-0and GSTM1-0Ogenotype prevalence among Lithuanian

reproductive age women.

o To assess trihalomethanes exposure@8@M1andGSTT 1polymorphisms

effect on adverse pregnancy outcomes.

o To evaluate exposure to tobacco smoke effect orboaewbirth weight in

relation to materna6STT1-GndGSTM1-0yenotypes.

o To evaluate gene-environment interaction effecadwerse birth outcomes

controlling for the main confounding variables.

The research was based on the hypothesis:

o metabolic gene$sSTM1and GSTT1polymorphisms and trihalomethanes
exposure interaction has adverse effect on pregnautcomes;

o maternal smoking effect on birth weight is modiflegd GSTM1andGSTT1
gene polymorphism.

Scientific novelty and significance To date, it is not clear what substances
forming THMs and what their doses influence humeialfdevelopment. Our findings
provide additional insight into the biological detenants of response to environmental
exposure based on the combination of genes andiidodi characteristics of a
previously unstudied ethnic group of LithuaniandieTpresent study suggests the
prevalence ofGSTT1-0and GSTM1-0genotypes in Lithuanian population, which
characterises the altered individual susceptibibtgnvironmental exposures. the effects
of drinking water THM exposure and tobacco smolongadverse pregnancy outcomes
in relation to Glutathione S-transferase T1 anddéhe polymorphism were evaluated
for the first time in Lithuania. Furthermore, weufa an association between exposure
to high THM internal dose during pregnancy and ghesence of th&STM1null and
GSTT1null genotypes for the risk of low birth weight, prowig evidence that both
genetic and environmental factors determine compkgis such as adverse pregnancy
outcomes. Genes involved in metabolic detoxificatpyocesses such &STMland
GSTT1should be treated as candidate risk factors fortdioth weight.

The results of this studgtress the need for appropriate policy and programs
aimed at cessation of tobacco smoking and chl@thatrinking water use during
pregnancy. rmprovedunderstandingdf etiological mechanisms afdverse pregnancy
outcomesshould allow clinicians to design appropriate méntions so that the
incidence ofow birth weightand related fetal and neonatal morbidity and nhgyrtevill
be reduced.

Defending propositions.
1.THMs in drinking water increase the risk for adwebsrth outcomes.
2.GSTT1-0and GSTM1-0 genotypes polymorphism modifie the association
between THM exposure and adverse birth outcomes.
3.Tobacco smoking in pregnancy increases the rislofeibirth weight.



4. Tobacco smoking effect on birth weight is higheroag carriers olGSTT1-0
andGSTM1-(genotypes.

5.Women carriers ofGSTT1-0and GSTM1-0genotypes should be treated as
subjects with increased genetic susceptibilityttermical substances.

Approval of the research work. Research findings were published in 3 journals
which are assessed by the Institute for Scientifformation database ISI Web of
Science and 7 papers in the proceedings of thenatienal conferences.

Volume and structure of the work. The dissertation is written in Lithuanian. It
consists of Introduction, Literature review, Masdrand methods, Results, Discussion
and References. The dissertation comprises of §dspancluding 26 tables, 7 figures
and 173 references.

MATERIAL AND METHODS

Participant characteristics and outcome assessment

This nested case-control study is a part of a mctsge cohort study of pregnant
women in Kaunas city, Lithuania, conducted as & giathe European Commission FP6
project Health impacts of long-term exposure tanfigxtion by-products in drinking
water in Europe (HIWATE) (Nieuwenhuijsen et al.,02). Details on study subjects
and the methods have been reported elsewhere (Evazene et al., 2009).

During their first visit to a general practitionall pregnant women living in
Kaunas between 2007 and 2008 were invited to joen dohort. We recruited these
women for the prospective cohort study, enrollingnh at first trimester of gestation at
the four prenatal care clinics affiliated to thespitals of the Kaunas University of
Medicine. Participation was on a voluntary basid #re women were enrolled in the
study only if they consented to participate in ttwhort. The research protocol was
approved by the Lithuanian Bioethics Committee amdl informed consent was
obtained from all subjects.

In total 889 women were involved into nested cam&fol study. Pregnant
women were asked to answer two questionnaires gedvio them at the clinic. The
first questionnaire was designed to determine tfjestl age, maternal social and
demographic characteristics, diseases, and heatthavibur. A special water
consumption and water use habits questionnaireused to interview the women who
agreed to participate in the study. Women werervige/ed before delivery at hospital
and blood samples for genetic analysis were celtect

During the interview women were queried regardiegndgraphics, residence and
job characteristics, chronic diseases, reproductiiaory, including date of last
menstrual period, previous preterm delivery. We asked the women to report their
age (less than 20 years, 20-29 years, 30 yearsmang), educational level (primary,
secondary, university), marital status (married nwrried), smoking (non-smoker,
smoker at least one cigarette per day), alcohcswmption (O drinks per week, at least
one drink per week), blood pressure (<140/80 mmMHgiO0 or> 90 mm/Hg), body
mass index (<25 kg/m2, 25-30 kg/m2, >30 kg/m2), atiebr potential risk factors for
LBW.

Outcomes of interest related to low birth weighB\lLl), small for gestational age
(SGA), preterm birth (PB) and birth weight. Pregnaoutcomes were abstracted from



the medical records. LBW were defined as infaniishbweight less than 2,500 g.
Infants were considered SGA if they were in thedstv10th percentile of birth weight
for each gestational week stratified by infant ggrehd maternal ethnic group. Preterm
birth was defined as infant of gestational ageesklthan 37 weeks. Birth weight was
abstracted from the birth certificate for all newds The reference group was defined
as singleton term births (born at >37 weeks ofajest, >2,500 g).

Genetic analysis

The GSTM1-nulland GSTT1-nullgenotypes were identified by the multiplex
polymerase chain reaction (PCR) in peripheral bl&adA samples. This method
allows the detection of the presence of the gemo(gpleast 1 allele present: AA or Aa)
or its absence (complete deletion of both allebey. Maternal blood samples were
collected in vials containing EDTA and stored daemperature of —20 °C. DNA was
purified from the peripheral blood using DNA putdtion kits (MBI “Fermentas”,
Vilnius, Lithuania). DNA concentrations were quéietl with a spectrophotometer
(Eppendorrf BioPhotometer, 61310488, Hamburg, GagnaA PCR-based study of
GSTMland GSTT1polymorphism was carried out according to the mettescribed
previously (Arand et al., 1996).

The primers used for PCR were as follows:

GSTML1 forward 5GAA CTC CCT GAA AAG CTA AAG C-3and
reverse’'&TT GGG CTC AAA TAT ACG GTG G-3

GSTT1 forward 5TTC CTT ACT GGT CCT CAC ATC TC-3and
reverse STCA CCG GAT CAT GGC CAG CA-3

As internal control, a 268-bp fragment of the hunfaglobin gene was co
amplified with a second set of primers:'-(GAA CTT CAT CCA CGT TCA CC-3
and (3-GAA GAG CCA AGG ACA GGT AC- 3 (Biomers.net — the Biopolymer
factory, Germany).

B globin

1 2 3 4 5 a 7 8

Fig.1. Multiplex PCR analysis of the GST polymorphismbkeTanalysis resulted in the unequivocal
assignment of the following genotypes: samplesdl&are DNA size marker, sample Z3STT1-
0/GSTM1-1 samples 3, 5 and 6 a@STT1-1GSTM1-0 sample 4 i$SSTM1-1GSTT1-1and sample 7
is water control.

PCR was carried out in a final volume of @25 The procedure followed for PCR
was: primary denaturation at 94 °C for 5 min, daration at 94 °C for 1 min, annealing
at 60 °C for 1 min, extension at 72 °C for 1 mi®, 8cles were conducted. Final
extension was at 72 °C for 10 min. The PCR produase electrophoresed in 2%
agarose gels and stained in ethidium bromide. THA Dands were visualised by UV



transillumination (EASY Win32, Herolab, Germany)ighR). GSTM1 and GSTT1
genotypes were coded as pres€da{M1-land GSTT1-) or absent GSTM1-0Oand
GSTT1-0.

Exposure Assessment

THM exposure assessmeiiibhe Kaunas city municipal drinking water is suegl
by four water treatment plants. Groundwater souwere used for the water supply
system. However, the four water treatment plantschvdisinfected water with sodium
hypochlorite, produced different concentrations of THMs in firegdhwater. One
treatment plant (Petrasiunai) supplied finishedewatith higher levels of THMs (“high
level THM site”), and the three other plants suggliinished water with lower levels of
all THMs (“low level THM site”). Water samples wemmllected four times per year
and analyzed from each water zone. The 12 sitested for sampling in the Kaunas
cohort study were spatially distributed acrossdite water system (Fig.2). Tap water
samples were collected over a three-year studpgdf0072009) in the morning at
multiple locations. Samples were analysed at thizadsity of the Aegean, Greece, by
using gas chromatography with electron capture ctiete (Nikolaou et al., 2005).
Measurements included specific values for the fregulated THMs (chloroform,
bromoform, bromodichlormethane, and dibromochloharé).

Treatment Plant
Kleboniskio
Eiguliu

Petrasiunu

Kazliskial

@ Sampling points (=1 km from pump-house}
@ Sampling points (<1 km from pump-house)

] Pump-house

Fig.2 Kaunas districts, water treatment plants and samloints



We used tap wateFHM concentration from the each distribution systeng an
geocoded maternal address at birth to assign theidnal women residential exposure
index. Integration of the information on residehfl&lM levels (ug/L) and ingested
amounts (L/day) yielded an estimate of ingested tarh@f THM (internal ingested
dose), expressed in micrograms per dag/d). Finally, we addressed dermal absorption
and inhalationby considering showering and bathing alone and @oedb with
ingestion. We multiplied residential THM levels (up by frequency and average
duration of bathing or showering per day (min/dagyl derived indices of daily uptake
from showering and bathing, respectively (Backerale 2000; Lynberg et al., 2005).
The uptake factors of THMs individual constituentere assessed on the relative
changes in blood levels after 10 minutes exposafter(versus before ingestion 1 L of
tap water, 10 minutes showering, and 10 minutesifgt

The actual algorithms of internal dose from shomgand bathing were:
min/day showering xg/l chloroform in water x 0.001536261/min/ug/l;
min/day showering xg/l brominated THM in water x 0.00135206§/min/ug/l;
min/day bathing »ug/l chloroform in water x 0.0013207%%/min/ug/l;
min/day bathing »ug/l brominated THM in water x 0.001295§g&/min/ug/I.

Finally, we combined this information with THM i@ by ingestion, using an
estimated uptake factor expressed in microgramsggg(Whitaker et al., 2003).

The actual algorithms of internal dose from ingesivere:
chloroform level g/l) x water consumption (I/day) x 0.00490188ug/l;
brominated THM levelg/l) x water consumption (l/day) x 0.00111848ug/l.

Then we used average daily total uptakes in oulysisaas categorised variables
by median (below vs. above) of THM internal dosedifferent maternal genotypes
subgroups.

Tobacco smoke exposure assesmé@vibmen were asked to report their daily
cigarette consumption before pregnancy as well @éng pregnancy. We defined
“smokers” as those who smoked any number of cigggetluring pregnancy. We
compared non-smokers women with women who smokadglpregnancy.

Statistical Analysis

We first compared the LBW, SGA and PB of exposed and unedhasmen
without consideration of maternal genotypes anduatad the possible relationship
between increases in adverse birth outcomes riskrfancrease in estimated total THM
(TTHM) internal dose. The internal dose were catisgd as binary variables: “high
level” (above median) and “low level” (below medjakiVe used logistic regression to
estimate adjusted odds ratios (ORs) and 95-peoweritdence intervals (Cls) for LBW,
SGA and PB,and the various exposure indices. Then we invdstigavhether the
association between maternal exposure to THM arttd butcomes was modified by
maternal genotypes. The subgroups were defined &ermal genotype foGSTT1
(present, absent) a@STM1 (present, absent) and maternal exposure to THMissta
during pregnancy (above median/below median). Wa rmultivariate logistic
regression models for the TTHMs, chloroform, dibommormethane, and
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bromodichlormethane for total gestational and tdateespecific periods, while
adjusting for potential confounders.

Subsequently, we tested the interaction effect atermal THM exposuré;STT1
andGSTM1with LBW, SGA and PBoy adding all the product terms in the regression
models, while adjusting for potential confoundéfte estimated the exposure effect by
a multivariable analysis controlling for influenoé major covariates that changed the
adjusted ORs for THM by 10% or more. For the LBWAalgises were adjusted for
square gestational age, marital status, maternatagidn, maternal smoking, paternal
smoking, alcohol consumption, body mass index, dlgowessure, ethnic group,
pregnancy history, infant gender, and birth yeam EGA analyses we adjusted for
parity, marital status, maternal education, matesmeoking, body mass index, and birth
year. For PB analyses we adjusted for family stahaly mass index, maternal
smoking, alcohol consumption, maternal educatiorfant birth year. Two-tailed
statistical significance was evaluated by usingvalpe of 0.05. All statistical analyses
were carried out using the SPSS software for Wirgdeevsion 12.0.1.

Using personal data of the nested case-control Isam@ first examined the
association between smoking and birth outcomesowiticonsideration of genotypes.
Further, we examined the combined association demal cigarette smoking and
maternal genotypes with birth outcomes controlfiogeffect of major covariates that
changed the adjusted odds ratio for smoking by I0%nore. Comparisons of the
associations between smoking and LBW risk factasewnade by using Fisher's exact
probability test (Agresti et al. 1979). The subgrewvere defined for LBW by maternal
smoking status during pregnancy (no vs. yes) ambtgpe for GSTT1(present vs.
absent) andGSTM1 (present vs. absent). We used chi-square tesexdamine the
association between genetic polymorphisms and ithgié susceptibility to tobacco
smoking. The gene-cigarette smoke interaction Wsstasted by adding a product term
to the regression models. All the analyses werasaeljl for following potential effect
modifiers: maternal age, BMI, education, and mbstatus.

RESULTS

Individual THM internal dose (mg/d) during pregnancy

The women under study tended to be highly educ@t@adi% with a university
degree). In general women were predominantly Litiwa in ethnic origin (96.6%),
71.6% of woman were >20 age, 76.3% women were atgr80% of women up to the
conception and during pregnancy has been constarflgsed to the same residential
district of environmental factors and stable watapply system for drinking water
source. The mean birth weight was 3323.3 g, thenrgeatational age of newborns was
38.82 weeks.

THM exposure level

The mean TTHM level in the low level site from tareater treatment plants was
1.3 pg/L and in the high level site (Petrasiunai) itswed.3 pg/L (Table 1). Except for
the March 2008 data, the other yearly or seasoeahsiwere the same, especially when
considering the standard deviations. Chloroform th@sdominant THM species in this
water, contributing ~80% of the mass of the TTHMsawverage. The brominated THM
species were significantly lower: dibromochlormethaanged from 0.06 to 0.5 pg/L
and bromodichlormethane ranged from 0.3 to 3.5 pBfbmoform concentration was
below the limit of detection.
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Overall, women during pregnancy consumed an avecade79 L of cold tap
water, 1.04 L of boiled water, and 1.09 L of battiater per day (Table 2). In this
study, women consumed an average of 0.33 L ofrtdd@dl8 L of coffee per day.

Table 1.THM levels (g/L) by sampling site, water supply zone, year season of sampling

Tap water sampling TTHMs TCM DBCM BDCM
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Sampling sites
All 9.8 (12.4) 7.8 (10.2) 0.3(0.5) 1.7 (2.2)
Low THM levef 1.3(1.2) 0.9 (1.0) 0.1(0.2) 0.3(0.5)
High THM levef 21.3(11.4) 17.3(9.4) 0.5 (0.6) 3.5(2.2)
Year of sampling
2007 10.3 (13.5) 8.7 (12.0) 0 (oY 1.5(1.6)
Low THM levef 0.9 (1.3) 0.39 (1.0) 0 (0) 0.6 (0.5)
High THM levef 24.2 (11.0) 21.3(9.6) 0 (0) 2.9 (1.7)
2008 6.2 (10.2) 4.4 (7.5) 0.3 (0.5) 15 (2.4)
Low THM levef 15(1.1) 0.9 (0.6) 0.2 (0.3) 0.5 (0.5)
High THM levef 12.7 (13.5) 9.3(9.8) 0.6 (0.6) 2.8 (3.3)
2009 11.8 (12.8) 9.5 (10.0) 0.4 (0.5) 1.9 (2.3)
Low THM levef 1.4(1.1) 1.3 (1.0) 0.1(0.2) 0.1(0.2)
High THM levef 24.9 (7.1) 19.7 (5.6) 0.8 (0.5) 4.3 (1.3)
Season of sampling
Spring 8.5(12.1) 6.8 (9.7) 0.3 (0.4) 1.4 (2.1)
Low THM levef 1.5(1.3) 1.2 (1.1) 0.1 (0.3) 0.2 (0.4)
High THM levef 17.2 (13.9) 13.8 (11.1) 0.5 (0.5) 2.9 (2.4)
Summer 9.9 (12.7) 8.3 (11.3) 0 (0) 1.6 (1.7)
Low THM levef 1.0 (1.4) 0.4 (1.0) 0 (0) 0.7 (0.5)
High THM levef 24.1 (8.3) 21.0 (7.0) 0 (0) 3.1 (2.0)
Autumn 11.1 (13.4) 8.8 (11.1) 0.2 (0.5) 2.0 (2.4)
Low THM levef 1.2(1.1) 0.8 (0.9) 0 (0) 0.4 (0.5)
High THM levef 24.8 (9.7) 20.1 (8.6) 0.6 (0.6) 4.2 (2.4)
Winter 10.9 (12.1) 8.4 (9.3) 0.5 (0.6) 1.9 (9.3)
Low THM levef 1.1 (1.0) 0.9 (0.6) 0.1 (0.3) 0.1 (0.3)
High THM levef 24.5 (1.4) 18.9 (1.2) 1.1(0.1) 4.5 (0.2)

*TTHMs = total trihalomethanes: the sum of TCM (cbform), DBCM
(dibromochlormethane), and BDCM (bromodichlormetijan

®SD = standard deviation

“Viciunai, Eiguliai, Kleboniskis®Petrasiunai

%0 = below the limit of detection

Most of the study participants took showers orambination with baths during
the pregnancy (96%). Mean frequency of showering && times per week, with a
mean duration of 15.2 min per shower (Table 3).rAge frequency of bathing was 1.8
times per week, with a mean duration of 33.5 mim path. The percentage of
participants who attended swimming pools was lowo)7THM integrated uptake
included ingestion, showering, and bathing. Uptake ingestion contributed 8%,
whereas showering and bathing were 92% of the itaiinal dose.
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Table 2. Summary of Kaunas cohort study subjects daily wiateke (litres) for water users

Mean daily ingestion Min. Max. Mean SD
Consumption tap water

At home 0 4.0 0.66 0.49

At work 0 2.0 0.10 0.25

Other 0 1.4 0.03 0.11
In total (60.4%) 0.2 5.2 0.79 0.59
Consumption bottled water

At home 0 4.0 0.66 0.55

At work 0 3.0 0.37 0.40

Other 0 3.0 0.06 0.18
In total (97.3%) 0.2 8.0 1.09 0.74
Consumption tea

At home 0 1.6 0.20 0.11

At work 0 1.0 0.11 0.12

Other 0 0.4 0.02 0.06
In total (100%) 0.1 2.0 0.33 0.22
Consumption coffee

At home 0 0.7 0.11 0.06

At work 0 0.7 0.06 0.08

Other 0 0.6 0.01 0.04
In total (80.0%) 0.1 1.0 0.18 0.11
Other tap-water beverages

At home 0 2.0 0.39 0.36

At work 0 1.6 0.07 0.16

Other 0 2.0 0.06 0.16
In total (15.4%) 0.2 2.4 0.53 0.41
Total tap water consumption (70.7%) 0.2 5.2 0.83 .610
Total hot tap water consumption (100%) 0.2 4.0 0.85 0.46

The individual total uptake of TTHMs ranged betwe®20025 and 2.4Qug/d
(Table 4). The total gestationahloroform uptake ranged between 0.0013 and 2.13
ug/d., daily uptake of bromodichlormethane rangevben 0.0001 and 0.34g/d and
dibromochlormethane ranged between 0 and O.@pd.
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Table 3.Showering and bathing during pregnancy

Water use habits Min Max Mean SD
Shower (96.0%)
Times/week 1 21 6.49 3.20
Duration (min) 2 90 15.25 7.86
Time (min/week) 4 420 92.40 56.75
Bath (41.4%)
Times/week 1 14 1.78 1.38
Duration (min) 1 120 33.48 17.18
Time (min/week) 7 360 57.19 48.61
Shower& Bath (37.5%)
Shower (37.5%)

Times/week 1 21 6.25 3.00
Duration (min) 2 60 14.25 7.20
Time (min/week) 4 420 84.75 53.40

Bath (37.5%)

Times/week 1 14 1.61 1.16

Duration (min) 5 120 33.71 16.74
Time (min/week) 7 360 52.98 43.41

Swimming pool (8.6%)

Times/week 1 8 1.77 0.96

Duration (min) 1 120 50.62 23.52
Time (min/week) 1 600 88.86 65.66

Table 4. The individual total uptake of trihalomethanes foimester-specific and entire

pregnancy
Min Max Median SD
TTHM?
Entire pregnancy 0.0025 2.400 0.1733 0.3050
First trimester 0.0025 2.6231 0.1666 0.3169
Second trimester 0.0025 2.4079 0.1645 0.3090
Third trimester 0.0025 2.5142 0.1630 0.3134
Chloroform
Entire pregnancy 0.0013 2.1300 0.1424 0.2619
First trimester 0.0013 2.3317 0.1360 0.2808
Second trimester 0.0013 2.1328 0.1333 0.2690
Third trimester 0.0013 2.1328 0.1298 0.2660
BDCM®
Entire pregnancy 0.0001 0.3400 0.0280 0.0409
First trimester 0.0001 0.3244 0.0276 0.0382
Second trimester 0.0001 0.3728 0.0279 0.0407
Third trimester 0.0001 0.3777 0.0283 0.0450
DBCM®
Entire pregnancy 0.0000 0.0640 0.0026 0.0073
First trimester 0.0000 0.0630 0.0012 0.0067
Second trimester 0.0000 0.0710 0.0021 0.0077
Third trimester 0.0000 0.0719 0.0033 0.0087
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GSTT1-0 and GSTM1-0 genotype prevalence among Lithuanian
reproductive age women

The percentage oGSTT1 nullgenotype was 17% (Fig 3) artdSTM1 null
genotype was 47% (Fig. 4).

Maternal genotype frequency distribution by THMeimtal dose median (below
median vs. above median) and pregnancy outcomeoisrsin Fig. 5. Among women
carryingGSTT1-0genotype and exposed to THM above median, LBWgteexce was
12.2%, and to compare to exposed to below mediavap 0.432; for PB— 24.2%
(p=0.024), for SGA—12.2% (p=0.416). Among women carryil@&STME0 genotype
and exposed THM above median, LBW prevalence wa3%4.3p=0.003), PB- 14.6%
(p=0.507), SGA- 19.2% (p=0.243).

30
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Fig. 5.Maternal genotype prevalence (in %) by THM intem@de median and pregnancy
outcome.

Trihalomethanes exposure andsSTM1 and GSTT1 polymorphisms effect on
adverse pregnancy outcomes

Using entire pregnancy and trimester-specific dapyakes median of THM, we
examined the association between internal dosé.BWMd SGA and PB risk (Table 5).

Table 5. Low birth weight, small for gestation aged preterm birttadjusted odds (OR) ratios
and 95% confidence intervals (Cl) for trimestergfe and entire pregnancy exposure to
internal dose THM

THM? exposure LBW SGA PB
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Above/below median

OR95% CI)

OR (95% CI)

OR (95% CI)

TTHM®
Entire pregnancy
First trimester
Second trimester
Third trimester
Chloroform
Entire pregnancy
First trimester
Second trimester
Third trimester
BDCM®
Entire pregnancy
First trimester
Second trimester
Third trimester
DBCM®
Entire pregnancy
First trimester
Second trimester
Third trimester

1.27 (0.59-2.74)
1.03 (0.48-2.23)
1.15 (0.53-2.47)
1.33 (0.62-2.87)

1.24 (0.57-2.68)
1.15 (0.54-2.48)
1.29 (0.60—2.76)
1.45 (0.67-3.13)

1.26 (0.58-2.72)
1.28 (0.59-2.76)
1.26 (0.58-2.73)
1.27 (0.59-2.76)

3.00 (0.34-27.0)
1.76 (0.66—4.69)
1.46 (0.62-3.42)
1.54 (0.65-3.63)

1.38 (0.88-2.16)
1.27 (0.81-2.00)
1.24 (0.79-1.95)
1.38 (0.88-2.18)

1.37 (0.87-2.15)
1.33 (0.84-2.08)
1.31 (0.83-2.06)
1.38 (0.87-2.16)

1.26 (0.81-1.98)
1.27 (0.81-2.00)
1.22 (0.78-1.91)
1.27 (0.81-1.99)

1.66 (0.99-2.80)
2.95 (1.63-5.36)*
1.63 (0.96-2.76)
1.91 (1.11-3.28)*

1.23 (0.76-2.02)
1.29 (0.79-2.11)
1.33 (0.82-2.17)
1.16 (0.71-1.89)

1.23 (0.75-2.00)
1.27 (0.78-2.07)
1.31 (0.80-2.13)
1.20 (0.74-1.96)

1.21 (0.74-1.96)
1.16 (0.71-1.88)
1.23 (0.76-2.01)
1.21 (0.75-1.98)

1.66 (0.95-2.89)
3.70 (1.97-6.95)
2.40 (1.36-4.25)
1.58 (0.89-2.780

®Adjusted for marital status, square gestational, agaternal education, maternal smoking, paternal
smoking, alcohol consumption, body mass index, dlpoessure, premature baby, infant gender, and
birth year.

® Adjusted for parity, maternal status, maternal etioa, maternal smoking, body mass index, birttryea

¢ Adjusted for family status, body mass index, madkramoking, alcohol consumption, maternal
education, infant birth year.

4 Referent group below median.

fTTHM, total trihalomethane; DBCM-dibromochlormetiea®DCM— bromodichlormethane.

p<0,05.

Maternal exposure to TTHM and chloroform internakéd above median during
the entire pregnancy was associated with a sligitease in OR for LBW, SGA and PB
as compare to the referent group below median,r atjustment for potential
confounding factors (Table 5). We observed a teogl@i increasing LBW risk with
increasing pregnancy duration for exposed to TTHM ehloroform. During the third
trimester, the odds ratios for LBW were 1.33, 95¢0®2-2.87; and OR 1.45, 95% ClI
0.67-3.13, respectively, for TTHM and chloroformm$arly, third trimester TTHM
and chloroform exposures slightly increased in fakSGA (OR 1.33, 95% CI 0.84—
2.13; and OR 1.31, 95% CI 0.82-2.08). For the DBan BDCM exposure we also
observed slight elevated odds ratios for LBW andAS&djusted OR for preterm birth
among women exposed to TTHM above median duringditend trimester pregnancy
was 1.33 (95% CI 0.82-2.17) and to chloroform O&RL195% CI 0.80-2.13). For the
DBCM, exposure we found statistically significamskr for the second trimester of
pregnancy OR 2.40 (95% CI 1.36—4.25).

WhenGSTT3henotype was considered, the association betwgarsase to THM
and LBW differed by genotype: OR for LBW among wanexposed to TTHM during
the entire pregnancy was 1.19 (95% CI 0.50-2.88)7a#0 (95% CI 0.13—-409) for the
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present and absent genotypes, respectively (Tgbl@hg findings were similar for
chloroform: in carriers oGSTT1-0genotype exposure was associated with higher OR
than in carriers oGSTT1-1genotype for all three trimesters. However, thiasdings
were not evident when the BDCM exposures were aedlyThe OR for LBW among
women exposed to BDCM during entire pregnancy wadg {95% ClI, 0.57-3.16) and
0.89 (95% CI, 0.05-15.7) for the present and abgembtypes, respectively.

Table 6. Low birth weight adjusted odds ratios (OR) and 9&8fifidence intervals (CI) for
gestational exposure to internal dose THMs accgrdmaternal polymorphisms in tH@STT1

gene
THM GSTT1 Entire First Second Third
Above/ genotype pregnancy trimester trimester trimester
below?® OR (95% CI) OR (95% ClI) OR (95% CI) OR (95% ClI)
TTHMP GSTT1-1 1.19 (0.50-2.82) 0.97 (0.41-2.28) 1.10 (0.47-2.59) 1.23 (0.52—-2.90)
GSTT1-0 7.40(0.13-409) 7.48(0.13-441) 7.48 (0.13-441) 7.30 (0.14-391)
TCMP GSTT1-1 1.19 (0.50-2.82) 1.12(0.48-2.63) 1.25 (0.53-2.92) 1.35 (0.57-3.20)
GSTT1-0 7.48(0.13-441) 7.48(0.13-441) 7.48 (0.13-441) 7.30 (0.14-391)
BDCM" GSTT1-1 1.34 (0.57-3.16) 1.37(0.58-3.23) 1.34 (0.57-3.16) 1.36 (0.58-3.22)
GSTT1-0 0.89 (0.05-15.7) 0.89 (0.05-15.7) 0.89 (0.05-15.7) 0.89 (0.05-15.9)
DBCM® GSTT1-1 1.16 (0.10-13.1) 1.22(0.38-3.91) 1.16 (0.43-3.13) 1.41 (0.54-3.70)
GSTT1-0 56.1(0.00-2*160) 8.79 (0.21-377) 1.20 (0.06-25.3) 0.54 (0.02-12.51)

®Referent group below median.

®TTHM, total trihalomethane; DBCM- dibromochlormetiea BDCM— bromodichlormethane , TCM-
chloroform

Adjusted for marital status, square gestational, agaternal education, maternal smoking, paternal
smoking, alcohol consumption, body mass index, dlp@ssure, ethnic group, pregnancy history, infant
gender, and birth year.

In the analysis of SGA, we found the largest asgms among exposed women
for third trimester (Table 7). Women carri@STT1-0genotype exposed to TTHM OR
for third trimester were 1.51, 95% CI 0.43-5.29,levtfior GSTT1-1it were 1.22, 95%
Cl 0.73-2.03; and for exposed to chloroform OR wekrés, 95% CIl 0.50-6.10 and
1.18, 95% CI 0.71-1.97, respectively, for absewt present genotype. However, a test
of interaction did not show statistically signifidaesults.

Table 7. Small for gestational age adjusted odds ratios) (@ 95% confidence intervals (Cl)
for gestational exposure to internal dose THMs \tiog maternal polymorphisms in the
GSTThene

THM GSTT1 Entire First Second Third
Above/ genotype pregnancy trimester trimester trimester
below?® OR (95% ClI) OR (95% CI) OR (95% ClI) OR (95% ClI)
TTHMP GSTT1-1  1.30(0.78-2.17) 1.17 (0.70-1.94) 1.23 (0.68-1.88) 1.22 (0.73-2.03)
GSTT1-0 1.04 (0.29-3.74) 0.99 (0.28-3.58) 0.99 (0.28-3.58) 1.51 (0.43-5.29)
TCMP GSTT1-1  1.30(0.78-2.17) 1.23(0.74-2.06) 1.18 (0.71-1.98) 1.18 (0.71-1.97)
GSTT1-0 0.99 (0.28-3.58) 0.99 (0.88-3.58) 1.15 (0.32—4.11) 1.75 (0.50-6.10)
BDCM"® GSTT1-1  1.28(0.77-2.14) 1.30(0.78-2.18) 1.28 (0.77-2.14) 1.29 (0.77-2.15)
GSTT1-0 1.03(0.29-3.69) 1.04 (0.30-3.67) 0.72 (0.19-2.71) 1.03 (0.29-3.69)
DBCM"® GSTT1-1  1.29(0.71-2.34) 1.85(0.93-3.67) 1.20 (0.65-2.20) 1.89 (1.01-3.54)
GSTT1-0 1.43(0.43-4.76) 3.79(0.89-16.1) 2.36 (0.66—8.46) 1.04 (0.31-3.53)
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®Referent group below median.

®TTHM, total trihalomethane; DBCM- dibromochlormetiea BDCM— bromodichlormethane , TCM-
chloroform.

Adjusted for parity, maternal status, maternal etioa, maternal smoking, body mass index, birthryea

Table 8 and Table 9 show the association of matexm@osure to THMs above
internal dose median in differeB{ISTM1genotype with LBW and SGA.

Table 8. Low birth weight adjusted odds ratios (OR) and 9&8fifidence intervals (CI) for
gestational exposure to internal dose THMs accgrdmaternal polymorphisms in t&STM1
gene

THM GSTM1 Entire pregnancy  First trimester Second trimester  Third trimester
exposur@ genotype OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
TTHM® GSTM1-1 0.34(0.09-1.22) 0.32 (0.09-1.14) 0.34 (0.09-1.23) 0.34 (0.09-1.24)
GSTM1-0 4.23 (1.25-14.3%) 2.88(0.90-9.22) 3.21 (1.01-10.%) 4.37 (1.36-14.08)
Interaction 13.37 (2.36-75.8) 9.29 (1.71-50.35) 10.28 (1.88-56.28) 13.35 (2.41-73.87)
TCMP GSTM1-1 0.34(0.09-1.22) 0.43(0.13-1.42) 0.48(0.14-1.59) 0.35(0.10-1.28)
GSTM1-0 4.08(1.20-13.9) 2.81(0.87-9.03) 3.08(0.96-9.87) 5.06 (1.50-17.05)
Interaction 12.88 (2.27-73.2) 6.70 (1.29-34.78) 7.04 (1.34-37.6) 15.86 (2.75-91.40)
BDCM? GSTM1-1 0.55(0.16-1.89) 0.57 (0.17-1.95) 0.56 (0.16-1.90) 0.55 (0.16-1.89)
GSTM1-0 2.65(0.85-8.23) 2.63(0.85-8.14) 2.65(0.85-8.23) 2.74(0.88-8.51)
Interaction 5.16 (1.01-26.52) 4.89 (0.96-25.0) 5.11 (1.00-26.24) 5.29 (1.03-27.15)
DBCM? GSTM1-1 0.94 (0.07-12.14) 2.52(0.54-11.7) 0.74(0.19-2.90) 1.36 (0.36-5.11)
GSTM1-0 11.97 (0.42-337) 1.47 (0.41-5.34) 2.13(0.67-6.81) 1.78 (0.55-5.75)
Interaction 13.75 (0.23-83.3) 0.88 (0.19-4.10) 3.05 (0.63-14.87) 1.95 (0.40-9.56)
*Referent group below median.
PTTHM, total trihalomethane; DBCM- dibromochlormetiea BDCM— bromodichlormethane , TCM-
chloroform.
¢ p<0.05
Adjusted for marital status, square gestational, agaternal education, maternal smoking, paternal
smoking, alcohol consumption, body mass index, dlp@ssure, ethnic group, pregnancy history, infant
gender, and birth year.

The findings suggest that woman carri@STM1-0genotype and exposed to
THM has an increased risk for LBW and SGA as comparnvoman carrier6STM1-1
genotype. The highest risk for LBW was found dutting third trimester among woman
exposed to TTHM (OR 4.37, 95% CI 1.36-14.08) anidrofiorm (OR 5.06, 95% CI
1.50-17.05) (Table 8). Exposure to BDCM during thied trimester among woman
carriers GSTM1-0genotype was associated with OR 1.43, 95% C| @.B3—and
exposure to DBCM produced OR 1.55, 95% CI 0.72-3A3&@st of interaction between
maternal exposure to THM and maternal GSTIgé&notypes shows statistically
significant results for LBW of second and thirdrtasters for TTHM (OR 10.28 and
13.35), chloroform (OR 7.04 and 15.86), and BDCNR(®11 and 5.29) exposure.
Adjusted analyses of SGA showed a consistent budllsimcrease in ORs among
woman carrier§sSTM1-0genotype and exposed to THMn third trimester OR was
2.19, 95% CI 0.83-5.79 for TTHM, OR 1.98, 95% CI@-5.20 for chloroform, and
OR 1.43, 95% CI 0.73-2.81 for BDCM exposure (T&@)leThese increases were more
evident when interaction was examined. Howeadegst of interaction between GSTM1
genotypes and exposure to THMs did not show stalkt significant results for SGA.
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Table 9. Small for gestational age adjusted odds ratios) (@ 95% confidence intervals (Cl)
for gestational exposure to internal dose THMs ating to maternal polymorphisms in the

GSTMlgene

THM
exposuré

GSTM1
genotype

Entire pregnancy
OR (95% CI)

First trimester
OR (95% CI)

Second trimester
OR (95% CI)

Third trimester
OR (95% CI)

TTHMP

TCMP

BDCM®

DBCM®

GSTM1-1
GSTM1-0

0.84 (0.42—1.68)
1.80 (0.92-3.55)

Interaction 2.26 (0.85-5.95)

GSTM1-1
GSTM1-0

0.84 (0.42—1.68)
1.78 (0.90-3.50)

Interaction 2.12 (0.81-5.54)

GSTM1-1
GSTM1-0

1.05 (0.52-2.10)
1.42 (0.72-2.79)

Interaction 1.42 (0.55-3.71)

GSTM1-1
GSTM1-0

1.57 (0.72-3.40)
1.09 (0.51-2.32)

Interaction 0.61 (0.23-1.61)

0.80 (0.40-1.61)
1.60 (0.82—3.15)
2.18 (0.82-5.75)
0.89 (0.45-1.78)
1.59 (0.81-3.12)
1.87 (0.72-4.88)
1.00 (0.50-2.01)
1.50 (0.77-2.95)
1.60 (0.61-4.16)
2.33 (0.91-5.95)
1.74 (0.77-3.97)
0.43 (0.16-1.14)

0.78 (0.39-1.57)
1.54 (0.79-3.02)
2.07 (0.79-5.46)
0.90 (0.45-1.80)
1.52 (0.78-2.97)
1.71 (0.66-4.87)
0.96 (0.48-1.93)
1.42 (0.72-2.79)
1.55 (0.59—4.03)
1.44 (0.67-3.12)
1.23 (0.57-2.65)
0.58 (0.22-1.53)

0.86 (0.43-1.74)
1.81 (0.92-3.56)
2.19 (0.83-5.79)
0.88 (0.44-1.78)
1.74 (0.89-3.41)
1.98 (0.76-5.20)
1.05 (0.52-2.10)
1.43 (0.73-2.81)
1.42 (0.55-3.71)
1.63 (0.73-3.64)
1.55 (0.72-3.36)
0.87 (0.33-2.26)

*Referent group below median.
®TTHM, total trihalomethane; DBCM- dibromochlormetiea BDCM— bromodichlormethane , TCM-
chloroform.

Adjusted for parity, maternal status, maternal etioa, maternal smoking, body mass index, birthryea

Table 10 shows association of maternal exposurBHils above internal dose
median in differenlGSTT1land GSTM1genotypes with preterm birth. Wh&STM1
genotype was considered, the association betwgsrsere to THM and preterm birth
differed by genotype: OR for preterm birth amongnvem exposed to TTHM above
median during the second trimester pregnancy wa® (®5% CI 0.52-2.06) and 2.07
(95% CI 1.00-4.35) for the present and absent gpeotrespectively. The findings
were similar for chloroform and bromodichlormethane carriers of GSTM1-0
genotype exposure was associated with higher OR thacarriers of GSTM1-1
genotype for all three trimesters. However, thesdirigs were not evident when the
dibromochlormethane exposures were analyzed. Thefd@Roreterm birth among
women exposed to dibromochlormethane during thersetrimester was 4.33 (95% ClI
1.69-11.10) and 1.69 (95% CI 0.0.78-3.64) for thesgnt and absent genotypes,
respectively.

The findings suggest that carriers of t8&STT1-0genotype and exposed to
TTHM, chloroformandbromodichlormethane had an increased risk forepmetbirth
as compared to carriers of t@STT1-1genotype: the ORs during the second trimester
among womanGSTT1-1genotype carriers were 1.03-1.17, while among GSUT
genotype carriers ORs were 2.46-3.08. Exposurabimrdochlormethane during the
second trimester among carriers of B8TT1-1genotype was associated with an OR
of 2.89, 95% CI 1.46-5.69, and among carriers efGBTT1-0genotype produced an
OR of 1.42, 95% CI 0.43-4.64.

Table 10. Preterm birth adjusted OR and 95% confidence vatsrfor trimester—specific and
entire pregnancy internal THM dose according toemmat! polymorphisms in th@STgene

GSTM1-1 GSTM1-0
GS (95% Cl) GS (95% Cl)

GSTT1-1
GS (95% Cl)

GSTT1-0
GS (95% Cl)

THM exposuré

TTHMP
Entire pregnancy 1.00 (0.50-1.99)
First trimester 1.05 (0.53-2.10)

1.86 (0.89-3.88)  1.06 (0.61-1.83)2.55 (0.82-7.97)
1.91 (0.91-4.01) 1.13 (0.65-1.96)  2.46 (0.79-7.67)
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Second trimester 1.03 (0.52-2.06) 2.07 (1.00-4.351.17 ( 0.67-2.03) 2.46 (0.80-7.68)
ThirollJ trimester  1.00 (0.50-2.00) 1.59 (0.77-3.28) .99000.87-1.72) 2.30 (0.76-6.99)
TCM
Entire pregnancy 1.00 (0.50-1.99) 1.83 (0.88-3.81) 1.05 (0.61-1.83)2.46 (0.79-7.67)
First trimester 1.04 (0.52-2.07) 1.86 (0.88-3.91) .11X0.64-1.92) 2.46 (0.79-7.67)
Second trimester 1.03 (0.52—-2.06) 1.97 (0.94-4.15)1.14 (0.65-1.97) 2.66 (0.85-8.29)
Third tgimester 1.00 (0.50-2.01) 1.69 (0.82-3.49) .031(0.59-1.78) 2.49 (0.82-7.60)
BDCM
Entire pregnancy 1.06 (0.53-2.13)  1.66 (0.80-3.45)1.03 (0.59-1.79) 2.63 (0.85-8.09)
First trimester 1.01(0.51-2.01) 1.56(0.76-3.22) .98(Q0.56-1.69) 2.52 (0.83-7.65)
Second trimester  1.11 (0.55-2.21)  1.66 (0.80-3.45)1.03 (0.59-1.79) 3.08 (0.97-9.75)
Third tLimester 1.06 (0.53-2.13) 1.69(0.81-3.51) .041(0.60-1.80) 2.63 (0.85-8.09)
DBCM
Entire pregnancy 2.02 (0.85-4.79)  1.61 (0.76-3.42) 1.76 (0.93-3.34)1.37 (0.43-4.38)
First trimester 7.35(2.62-20.6) 2.81(1.21-6.52) .2942.06-8.93) 2.47 (0.68-8.95)
Second trimester 4.33 (1.69-11.1) 1.69 (0.78-3.64)2.89 (1.46-5.69) 1.42 (0.43-4.64)
Third trimester 2.51(0.99-6.39) 1.34 (0.62-2.89) .881(0.97-3.66) 0.96 (0.29-3.11)
PReferent group bellow median.
Adjusted for:family status, smoking, education, stress, previmeserm birth, and infant birth year.

Exposure to tobacco smoke effect on newborn birth @ght in relation to
maternal GSTT1-0and GSTM1-0genotypes

Among the pregnant womensith smoking and pregnancy outcome data, 71.1%
never smoked, 21.5% smoked before but not duriagnancy. Among the women who
smoked during pregnancy, light smokers (mean A4dareites/day) predominated
(92.3% of smokers) and only 7.7% of smokers smdk@dr more cigarettes per day.
Table 11 presents maternal characteristics by tmbsimoke exposure status. This is the
overall low-risk population, with the majority ofamen at their optimal reproductive
ages, high education, most having the ideal BMdpblpressure, and most woman are
non-smokers. Smoking during pregnancy was assdcwith maternal age, education,
marital status, and smoking history before pregpatie P value of exact test was p <
0.05. Infants of active smokers revealed non-sicgniit reduction in mean birth weight:
among non-smokers, the birth weight was 344% g, and light smokers — 33659,
p=0.2.

Table 11.Percent distribution of subjects by smoking fori@as characteristic

Maternal characteristics Total Smoking during pregrancy Exact test
(%)

Variables N None Yes p
Age:

<20y 28 71.4 28.6

21-30y 402 86.8 13.2

>30y 216 92.1 7.9 0.004
Education:

university 309 96.8 3.2

college andt 12 y 337 79.8 20.2 < 0.001
Marital status:

married 493 92.3 7.7
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not married 153 73.9 26.1 <0.001

Parity:
iy 320 89.1 10.9
2% and more 326 86.8 13.2 0.38
Pregnancy history:
no prior 517 87.2 12.8
losses 129 90.7 9.3 0.28
Gestational age:
> 37 weeks 600 87.5 12.5
< 37 weeks 46 93.5 6.5 0.23
Blood pressure:
<140 -90 mm/Hg 558 87.8 12.2
> 140/90 mm/Hg 88 88.6 11.4 0.83
Stress:
no 523 88.5 11.5
yes 123 85.4 14.6 0.33
Mother diseases:
no 474 88.8 11.2
yes 172 85.5 14.5 0.25
Body mass index (BMI):
normal - overweight (25.1 —30) 558 87.8 12.2
obesity (> 30) 88 88.6 11.4 0.83
Smoking before pregnancy:
none 461 100.0 0.0
1 -9 cigs./d. 169 60.4 39.6
> 9 cigs./d. 16 31.3 68.8 <0.001
Smoking duration before pregnancy:
non smoker 461 100.0 0.0
1-5y 122 66.4 33.6
6-10y 47 44.7 55.3
>10y 16 31.3 68.7 <0.001
GSTT1n (%)
GSTT+1 450 84.6 73.5 0.018
GSTTLO0 93 154 26.5
GSTM1 n (%)
GSTM+1 293 53.0 59.0 0.340
GSTML0 250 47.0 41.0
Mean birth weight (g), + SD 3,436 + 24 3,445+25 ,365 +59 0.21

The percentage d&&STT1-Ogenotype was 16.9% and that@ETM1was 46.6%.

In terms of the frequency of tteSTML10 genotype, women in the group exposed to
tobacco smoke and the group that was not exposezlsimilar (41.0% and 47.0%, P =
0.340), whereas th&STT10 genotype was found in 26.5% of the smokers and in
15.4% of the non-smokers (P = 0.018).

Table 12 presents the combined association of malteigarette smoking and
maternal genotypes with LBW controlling for effeot major covariates. Without
consideration of genotype, maternal smoking dugrggnancy was associated with an
adjusted OR of 1.21 (95% CI 0.44 — 3.31) for LBWnga@ared with the non — smokers.
WhenGSTT1genotype was considered, the association betwe¢ermal smoking and
LBW increased and the adjusted OR was 2.06 (95%.€71 — 6.37) among mothers
with genotype present, but we could not assessasleciation among mothers with
absent genotype because of 0 LBW cases in the ssgkaup.
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Table 12.Crude and adjusted associations as odds ratiosrf@irnal smoking during
pregnancy with low birth weight by maternal genatyp

Genotype Smoking N LBW, Crude Adjusted*
status % OR 95% ClI OR 95% ClI

Total sample Never 342 8.8

Quitter 86 10.5 1.22 0.55-2.67 1.18 0.5322.6

Smoking 52 11.5 1.36 0.54-3.44 1.21 0.44-3.3
GSTTH1 Never 289 9.0

Smoking 38 15.8 1.90 0.73-4.96 2.06 0.67-6.3
GSTM1-0 Never 53 7.5

Smoking 14 0
GSTM1-1 Never 168 8.9

Smoking 31 9.7 1.09 0.30-4.0 1.11 0.26-4.76
GSTM1-0 Never 174 8.6

Smoking 21 14.3 1.77 0.47-6.69 1.91 0.43-8.4
®Interaction:
smoking x GSTM20 OR 1.62 (0.25-10.4), p = 0.60; OR* 1.54 (0.25-9.913 0.59
GSTTH1& GSTM1-1  Never 145 9.7

Smoking 22 13.6 1.48 0.39-5.62 1.49 0.33-6.7

GSTM1-1& GSTM1-0 Never 144 8.3
Smoking 16 18.8 2.54 0.63-10.2 3.31 0.604-1

PInteraction:
smoking x GSTT218 GSTM1-0  OR 1.72 (0.25-11.8), p = 0.58; OR* 1.45 (0.22-L(k 0.66

¥ ogistic regression model: women BMI30, age> 20 years, adjustment for maternal education
and marital status.

PTest of interaction: a P value is presented fdirtgghe null hypothesis, odds ratio = 1.0 in
logistic regression models for the product termplsimg x genotypes.

When GSTM1 genotypes were considered, the association betwesternal
smoking and LBW differed: the adjusted OR was 1(93% CI 0.26—4.76) among
mothers withGSTM1-1but adjusted OR was 1.91 (95% CI 0.43-8.47) anmatihers
with GSTM1-0genotypes. However, a test of interaction betwsmoking and the
GSTM1-0genotype showed that there was no statisticafjgifscant evidence for an
effect modification adjusted OR 1.54; 95% CI 0.2849 p=0.59. The presence of both
GSTT1 andGSTM1genotypes tended to increase the smoking effedt48, while the
GSTM1-1genotype andsSTM1-0genotype were associated with 3.31 times higher
risk among smokers (OR 3.31 95% CI 0.60-18.4). #t @& interaction between
maternal smoking and two studied genotypes diccanfer a significant adverse effect
on LBW risk, adjusted OR 1.45; 95% CI 0.22-10.%, @66.

Table 13 demonstrate the influence of maternalattaristics on the birth weight

of the infants as the difference in mean birth \Weigh relation to the maternal
characteristics listed in each row.

Table 13.Influence of maternal characteristics on infantthbiveight

Maternal characteristics continuous

. R SE P-value M SE P-value
and binary
BMI® 42.7 6.0 <0.001
Gestational age, wekk 191.0 9.2 <0.001
Age < 20 or > 30 years -34.2 56.7 0.547 -11.43 341. 0.783
Low educationg 12 years -279.7 91.7 0.002 -155.3 67.2 0.021
Not married -148.9 64.7 0.022 -87.1 47.2 0.066
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Parity 2nd and more 49.5 55.0 0.368 90.8 39.9 0.023

Pregnancy complications 15.2 69.7 0.828 4.0 50.8 9370.
Fetus complications -400.1 135.2 0.003 82.5 100.0 .409
Stress -94.7 70.7 0.181 5.4 51.6 0.916
Hypertension > 120/80 mm/Hg 189.4 76.6 0.014 87.5 59.0 0.139
Maternal smoking -114.9 76.1 0.132 -137.0 55.2 18.0
Parental smoking -86.9 55.0 0.115 -93.3 40.1 0.020
GSTT1-1GSTT1-0 104.1 72.7 0.153 72.7 52.7 0.170
GSTM1-1GSTM1-0 25.3 55.1 0.646 26.0 40.0 0.516
GSTT1-& smoking -207.0 138.9 0.137 -211.8  100.8 0.036
GSTM1-0& smoking -60.4 113.3 0.594 -150.2 824 0.069
GSTT1 & GSTM1-0and smoking -294.0 194.4 0.131 -340.4  141.2 0.016

i3 represent the difference in mean birth weightiaternal characteristics in each row
Fadjusted for body mass index, gestational age @ssldutlier.

®Continuous variable

SE standard error of the difference between thenmea

The characteristics that positively affected thader mean birth weight were
increased BMI, hypertension and gestational age: levels of education, not married
status and foetal complications were associateld reduction in the mean birth weight.
In terms of theGSTM1-and GSTT1genotype frequencies, there was no significant
influence on the crude birth weight of infants. é&fadjustment for the BMI, gestational
age and loss outliers, the maternal characterigias affected the reduction in birth
weight were as follows: loweducation level§-155.3 g), maternal smoking during
pregnancy (-137.0 g), parental smoking (-93.3 g) @8TT1-0genotype in smokers
(-211.8 g, p = 0.036). When baBS5TT1-0andGSTM1-0genotypes were considered,
continuous maternal smoking during pregnancy wasaated with a mean reduction
of 340.4 g (p = 0.016) in birth weight of infants.

Table 14 shows the crude and adjusted combinedciaisns of continuous
maternal smoking during pregnancy and mate@@l Tland GSTMl1genotypes with
reference to infant birth weight, wheerepresents the difference in mean birth weight
between each subgroup and the reference group.

After complete adjustment for gestational age, BEducation, family status,
parity and hypertension, the reduction in birth gii (analysed as a continuous
variable) for continuous smokers was 83.4 g (p0¥8). Among non-smoking mothers,
the GSTT1-0genotype alone did not confer a significant adwefect on birth weight
(-22.6 g, p = 0.345).
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Table 14.Associations of maternal smoking during pregnamitly infant birth weight by maternal GSTT1 and GSTM

genotype

Genotype Smoking status Birth Birth weight, Birth weight, g* Birth weight, g*

weight, g B (SE) P B (SE) P B (SE) P

Total Non-smoking (n = 456) 3390.3 Referent Referent Referent

sample Smoking (n = 83) 3284.1 -86.5 (57.5) 0.066 -83.4 (57.1) 0.073 -83.4 (57.1) 0.073
GSTT1-1 Non-smoking (n = 385) 3401.4 Referent Referent Referent
GSTT1-1 Smoking (n = 61) 3320.7 -70.4 (65.7) 0.143 -72.3(65.1) 0.134 -38.8 (57.6) 0.250
GSTT1-0 Non-smoking (n = 71) 3330.0 Referent Referent -22.6 (57.6) 0.345
GSTT1-0 Smoking (n = 22) 3182.9 -115.9 (129) 0.186 -123.7(131) 0.175 -162.9 (93.0) 0.041
*Interaction: smoking x GSTT1-null -111.9 (123.0)182 -96.8 (122.5) 0.215

GSTM1
GSTM1-1 Non-smoking (n = 242) 3413.6 Referent Referent Referent
GSTM1-1 Smoking (n =49) 3255.9 -87.2(73.9) 0.119 -85.1(74.2) 0.126 -58.8 (66.1) 0.187
GSTM1-0 Non-smoking (n = 214) 3363.9 Referent Referent -32.4 (41.2) 0.216
GSTM1-0 Smoking (n =34) 3324.8 -97.1(92.0) 0.146  -100.6 (90.2) 0.133 -118.7 (79.6) 0.069
*Interaction: smoking xGSTM1-null -17.0 (106.1)0.437 -26.6 (105.6) 0.400

GSTT1 & GSTM1

GSTM1-1 Non-smoking (n = 207) 3429.4 Referent Referent Referent
GSTM1-1 Smoking (n = 38) 3251.2 -137.9 (82.3) 0.048 -135.5 (82.6) 0.051 -84.7 (71.2) 0.118
GSTM1-0 Non-smoking (n = 36) 3339.7 Referent Referent 10.1 (76.1) 0.447
GSTM1-0 Smoking (n= 11) 3093.5 -318.0 (198) 0.058 -320.8 (203) 0.061 -311.2 (128) 0.008
*Interaction: smoking xGSTT1-null xGSTM1-null - 280(164) 0.072 -234.5 (164.3) 0.078

3 represent the difference in mean birth weightigarette smoking between the variant genotype

+ 3 crude

++ 3 after adjustment for the covariates: gestatiage, body mass index, education, family stggasty and hypertension
*Test of interaction: a P value is presented fstitg the null hypothesis, R = 0 in multiple lineagression models for the product
term, smoking x genotypes
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Continuous maternal smoking was associated witle@meduction of 162.9 g, p
= 0.041 in birth weight for th&STT1-0genotype Maternal smoking was associated
with a mean reduction of 58.8 g in birth weight fbe GSTM1-1and 118.7 g for the
GSTM1-0genotypesnevertheless, there was no statistically signitichfierence We
found that the frequency of carriers b@BTT1-0andGSTM1-0genotypes was 8.7%
in the total population studied. Double-null gempey GSTT1-0and GSTM1-0Q
among smokers showed a synergistic effect and ssxceted with a 311.2 g reduction
in mean birth weight (p = 0.008). However, a tdsthe interaction between maternal
smoking, GSTT1 and GSTM1 genotypes does not show a statistically signitican
reduction in birth weight (-234.5 g, p = 0.078).

DISCUSSION

Trihalomethanes exposure and GSTM1 and GSTT1 pgiisas effect on
adverse pregnancy outcomes

Our study contribute to the findings of research&rso studied genetic
polymorphism along with environmental toxicants kNuet al., 2004; Suh et al., 2008)
in showing effect modification between mothers vatid withoutGSTT1-andGSTM1
genotype variant and response to the environméaizdrds. e results of this study
suggest that prenatal THM exposure, atdlevated internal dose levels of THNave a
slight impact on LBW or SGA risk and th#te polymorphisms of metabolic gene
GSTM1laffect the association of maternal exposure to Twikh LBW and SGA risk
When we considered both individual THM exposure aralernal genotypesye were
able to demonstrate a consistent, statisticallgiagnt effect on LBW associated with
TTHM, chloroform andBDCM as compared to unexposed womenheT largest
associations for LBW were found for third trimessanong TTHM and chloroform
exposed women with th@é STM1-0genotype (OR 4.37, 95% ClI, 1.36-14.08 and OR
5.06, 95% CI 1.50-17.05, respectively). The reswiese more evident when the
interaction of genotype and THM exposure were erachi The adjusted ORs for
TTHM were 15.86, 95% CI 1.36-14.08; for chlorofo®Rs were 5.06, 95% CI 1.50—
17.05; and for BDCM it were 5.29, 95% CIl 1.03-27.Y8e find an insignificant
elevated risk for SGA for those exposed to TTHMsirdy the three trimesters with
highest ORs during the third trimester among woroamiers ofGSTM1-0genotype
(OR 1.81, 95% CI 0.92-3.56) al@STT1-0genotype (OR 1.51, 95% CI 0.43-5.29).
These data suggest that women with an absencee gjeihotype activity appear to be
susceptible to the adverse effects of THMs, sudhaeased risk of LBW.

At present, no other published study has evaluas&dor LBW, SGA or PB and
THM constituents as individual internal dose incasation with GSTTland GSTM1
genotypes polymorphism.

Our results are consistent with previous studidgschvsuggested that exposure to
THMs in the third trimester has a greater adverfeceon LBW and SGA than
exposure early in pregnancy (Hoffman et al., 20@®me authors presented that term
LBW risk mostly increase during the second trimegtewis et al., 2006) (OR 1.50,
95% CI 1.07 to 2.10). Our results show that higl8S® risk associated with TTHM
exposure was found during the third trimester (Q83,195% CI 0.84 to 2.13), while
Wright et al (Wright et al., 2003) found an incredsisk of SGA for second trimester
(OR 1.13; 95% CI 1.03 to 1.24). Some studies respitbvide no evidence of an
increased risk of LBW, TLBW, and preterm delivetyttze relatively low concentration
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of TTHMs (Jaakkola et al., 2001; Yang et al., 20@ata of Sweden study shows that
exposure to sodium hypochlorite increase LBW (OB5,195% CI 1.05 to 1.26) (Kallen
and Robert 2000). Kramer et al (1992) concludetichioroform concentrations greater
than or equal to 10 micrograms/litter were assediavith the increased risk for
intrauterine growth retardation (OR 1.8, 95% CItb.2.9).

Relative to previous epidemiologic studies of tesue, this study has the
advantage of seeking to overcome the exposure sassas drawbacks by using
individual internal dose estimation based on d#fér routes, detailed water use
behaviours, studying individual THMs, to examin&tienships between the exposure
and fetal growth in genetically susceptible wome&ne major strength of our study is
the concurrent measurement of THM concentratiomas we used for internal dose
estimation, over the course of pregnancy. As altethe assignment of trimester
average residential THM concentrations and estonatf individual THM uptake
through drinking, showering and bathing should beremaccurate than in previous
studies. Another advantage of this study was thensiwe control for confounding
variables estimated for studying population. Wenesied the association between
THM internal dose levels and LBW controlling for sgational age, family status,
gestational age, education, maternal and patemakisag, alcohol consumption, body
mass index, blood pressure, ethnic group, pregnaistgry, infant gender, and birth
year, for which we were able to adjust. The lacknédrmation regarding the validity of
the internal dose assessment models that we usee igf the limitations of this study.

However, not all women exposed to THM during premyahave adverse
reproductive outcomes, and several studies havgesteg that potential reasons lie in
genotoxicity, oxidative stress, disruption of fetdianetabolism (Nieuwenhuijsen et al.,
2009), and maternal genetic susceptibility (Wanglet2002; Perera et al., 2004; Chen
et al., 2005).

Adjusted ORs for preterm birth among women expdsedTHM above median
internal dose during the second trimester pregnavasy 1.03 (95% CI 0.52-2.06) and
2.07 (95% CI 1.00-4.35) for the present and abG&T®M1genotype, respectively. The
findings suggest that carriers of tH@STT1-0genotype and exposed to TTHM,
chloroformandbromodichlormethane had an increased risk for pretarth compared
to carriers of theGSTT1-1genotype: the ORs during the second trimester gmon
woman GSTT1-1genotype carriers were 1.03-1.17, while am@8®jT T1-0genotype
carriers ORs were 2.46-3.08. Our data indicatedl ittgividuals with GSTT1-0and
GSTM1-(genotypes tended to be more susceptible to THMsaxeo

The single study which analyzed drinking water eamnhants, fetal growth and
CYP2Elgenetic polymorphisms, was conducted in Canadarftef-Rivard, 2004). The
adjusted odds ratio for intrauterine growth resitsit associated with exposure to
average TTHM above the 294y/L was 13.20 (95% CI 1.19-146.72). These findings
suggest that exposure to THM at the highest lexatsaffect fetal growth in genetically
susceptible newborns.

The metabolism of environmental toxicants incluttesseveral allelic variants of
the polymorphic GST group which shows impaired emzyactivities and increase the
susceptibility to both environmental xenobioticgl aadverse birth outcomes (Hayes et
al., 2000; Infante-Rivard et al., 2006 STM1polymorphism is found to be present in
40 to 60% of most populations. Among Kaunas pregnamenGSTM1-0genotype is
present in 47% subjects. The deficiencyG8TM1has been shown to increase DNA-
adduct formation and cytogenic damage (Nukui et 2004). The frequency of the
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GSTT1-0allele was reported to be 30 to 40% in GermanyefPet al., 1989), in
Lithuania is 17.0%. It is possible that GST indactirepresents part of an adaptive
response mechanism to chemical stress (Hayes get2@D0), therefore genetic
polymorphism of GSTM1 and GSTT1 may modify the oxidative stress caused by
maternal exposure to THM and lead to adverse pregnautcomes.

While interpreting the results of this study, a feenditions should be considered.
This is a low-risk population with low-level THM prsure and low prevalence of
GSTT1-0genotype; these factors may limit the extrapotatd these results to other
populations. The THM exposure classification waseldlaon median internal dose level,
and consecuently the possibility of bias in expestlassification exists. However, in
this study, we controlled for the main variableattimight confound the association
between THM, genetic polymorphism and fetal growthgrefore, the residual
confounding of the results by exposure is expetddie small.

Previous studies have suggested several plausdsie-gnvironment interaction
explanations. First, chemical substances coulduidisfetal and placental cellular
regulation via elevated PAH-DNA adducts due toittoeeased activity of enzymes that
metabolize toxins (e.dCYP1A) and lower or absent activity of enzymes that xiéfo
these compounds (e.STTlandGSTM1-0genotypes) (Sasaki et al., 2008). Second,
gene-xenobiotic interactions may exert their syistigeffects through oxidative stress
that occurs upon chemical exposure. In respongéisostress various inflammatory
cytokines are produced in lung tissue increasitfig@nmmatory responses and immune
responses (Tsai et al.,, 2008). Finaly, other enwmental factors and genetic
polymorphism ofGSTM1andGSTT1may modify the response to oxidative stress and
lead to adverse pregnancy outcomes (Sable e08i8)2

Since there has been only a single epidemiologstatly that included the
association between GST genes polymorphism, hurmaoeptibility to THMs and
adverse birth outcomes, further study is requiredclarify the role of the GST
polymorphism in fetal development.

Exposure to tobacco smoke effect on newborn bigilghw in relation to maternal
GSTT1-0 and GSTM1-0 genotypes

In this molecular epidemiological study on matermaarette smoking and
genetic determinants of xenobiotic metabolism, awentl some evidence that the effects
of maternal smoking on LBW and infant birth weightre modified by the maternal
GSTTlandGSTMlgenotypes.

Consistent with previous studies, we found thatemmatl cigarette smoking was
associated with increased risk of LBW risk (Pollatkal., 2000; Wang et al., 2002).
Our findings are consistent with a number of otstedies that LBW risk may vary in
relation to maternal age, BMI, parity, and othernalales of the population in the study
(Agresti et al., 1979; Luke et al., 2007; Obergakt 2007). Some other investigators
who have examined the issue revealed dose-respoadients in relation to the amount
smoked (Windham et al., 2000; Savitz et al., 2001).

Our present findings show the greater LBW risk aghbght-smoking mothers
with GSTM1-0genotype as compared to those WBSTM1-1genotype, however the
findings do not show statistically significant résuThese results are consistent with
previous studies which analysed genetic susceipyilbdl cigarette smoke in the context
of LBW risk.
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Wang et alreported that pregnant women with certain genotgressusceptible
to the adverse pregnancy effects of tobacco smokingh as an increased risk of LBW
(Wang et al., 2002). Without consideration of ggpet maternal smoking during
pregnancy was associated with reduction in birtihgihiteand elevated risk of LBW.
WhenGSTT1genotype was considered, the reduction in birtlygltencreased and 1.7
(0.9 — 3.2) - fold elevated risk of LBW for thosémthe genotype present, and 3.5 (1.5
— 8.3) - fold elevated risk of LBW fo6GSTT1genotype absent was found among
smoking mothers.

It has been reported that an individual differemcemetabolic activation and
detoxification xenobiotics partly depends on thaejie polymorphisms associated with
GSTT1landGSTMlenzymes (Savitz et al., 2001). The interactivecfbf exposure to
tobacco smoke and the presence ofGI8Sd T1polymorphism on infant birth weight was
found to be significant by multivariate analysisheseas the interactive effect of the
presence th&STM1 polymorphism did not reach statistical significanp = 0.21)
(Infante-Rivard et al., 2006).

Sasaki et al. also reported combined effects between maternaletgen
polymorphisms and smoking during pregnancy (Sasakal. 2006). The effects on
reduction birth weight were not observed among womigh GSTM1-0genotype who
had never smoked. The authors conclude that matenmaking in combination with
maternal genetic susceptibility may adversely affieéant birth weight. However,
results presented here do not show a statistisallyificant association between infant
birth size and maternal smoking as linked to @®&TT1genotype, while birth weight
and length were significantly lower in subjects@&STM1-0genotype.

Sram et al. found that the risk of LBW and prematurity was #igantly
increased by the genotypes GSTM1-0and a genotype combination with the
CYP1A1*2A genotype (Sram et al., 2006). A survey among @egmwomen has
showed that a combination of t&STM1-0and theGSTT1-(yenotypes exacerbate the
effect of maternal exposure to tobacco smoke ah kreight more than the presence of
either genotype one (Hong et al., 2003).

In this study, we demonstrate that there is in@ead.BW risk among smoking
women even after adjusting for maternal age, edutaBMI, and marital status;
however, these findings suggest that there wastatcstically significant association
between th&STT1andGSTM1polymorphism with low-level maternal smoking dgin
pregnancy. The reason may be that the size of esited case-control study and the
proportion of women who smoked during pregnancyewto small to detect any
significant difference.

Consistent with previous studies, we found that éiffect of tobacco smoke
increased LBW risk in the women’s group with conation of GSTT1-1andGSTM1-

0 alleles was more than 3 times greater as compaitedthe non-smokers group (OR
3.31; 95% CI1 0.6 — 18.4).

The association between metabolic GST genes anermaatsmoking has shown
(Kishi et al., 2008). When th&STT1genotype is considered in smoking pregnant
women, the reduction in birth weight among G8TT1-1andGSTT1-0groups was as
follows: 43 g (p = 0.48) (Sasaki et al., 2006), 2@ < 0.05) (Sram et al., 2006) and
642 g (p < 0.001) (Wang et al., 2002). When the E$TQenotype is considered, the
estimated reduction in birth weight betwe88TM1-1land GSTM1-Ogroups is 171 g
(p = 0.04) (Sasaki et al., 2006) and 222 g (p $)0(8ram et al., 2006), respectively.
The effects on the reduction of birth weight aréd nbserved among women with
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GSTM1-0or GSTT1-0genotypes who had never smoked and the data hese b
adjusted to the main confounding factors. A comtodmaof the GSTM1-0and the
GSTT1-0genotypes has been found to exacerbate the effatiaternal exposure to
environmental tobacco-smoking on the birth weighhtants more than the presence of
either genotype alone. These data indicate thateffext can be modified by the
maternal metabolic genotyp&sSTM1andGSTT1(Hong et al., 2003).

We can postulate that the significant difference®mg the publicised studies,
which are devoted to the effects of tobacco-smofsure on birth weight, could be
attributed to the diverse ethnic composition of plopulations considered in the studies,
resulting in different distributions of the GSTddit frequency and different levels of
cigarette-smoke exposure, because dose-respomsengsan relation to the number of
cigarettes smoked do exist (Nukui et al., 2004)tHarmore, these results may be
affected by the residual uncontrolled confoundiagables, such as prepregnancy BMI,
hypertension, gestational age and others, whicmagatively or positively associated
with birth weight.

The main factors influencing birth-weight reductiare gestational age and the
organism’s response to toxicity from environmemxthobiotics, such as tobacco PAHS.
Birth-weight reduction may be a consequence of Ddbknage resulting from the
activation of metabolites or the absence of deiwadiion of the reactive intermediates
formed in the system due to the reduced activitiie&STT1lor GSTM1(Perera et al.,
2004). As reported by some authors, maternal exposureltacto smoke induces
oxidative stress. Furthermore, maternal genetigrpotphisms related t&STM1and
GSTT1may modify the oxidative stress caused by matezrpbsure to tobacco smoke
and lead to adverse pregnancy outcomes (Hudsdn 20@9)

Previous studies have suggested several plausidie-gmoking interaction
explanations. First, tobacco smoke could distuthl fand placental cellular regulation
via elevated PAH-DNA adducts due to the increasetivity of enzymes that
metabolize cigarette toxins (e@YP1A) and lower or absent activity of enzymes that
detoxify these compounds (e.STTX0 and GSTM1-0genotypes) (Sasaki et a.,
2008). Second, gene-smoking interactions may dkeit synergistic effects through
oxidative stress that occurs upon tobacco smokesexp. In response to this stress,
various inflammatory cytokines are produced in Idisgue increasing inflammatory
responses and immune responses (Tsai et al., 2P@Bgover, as reported by some
authors, maternal exposure to tobacco smoke afféots fetal urine cotinine
concentration and also induces production of owdastress (Park et al., 2008).
Furthemore, other environmental factors and gengblymorphism ofGSTM1 and
GSTT1may modify the response to oxidative stress amd l® adverse pregnancy
outcomes (Sable et al., 2000).

This study has the advantage of being the firghow that even light maternal
smoking, in association with double-nubSTT1 and GSTM1 genotypes, might
significantly decrease the infant birth weight.tins study, we estimated that among
Lithuanian women the percentage GfSTT1-0genotype was 17.0% and that of
GSTM1-0Owas 46.0%. The carriers of double-null genotypesen8.7% of the total
population studied.

Our results show a statistically significant asabon between the reduction in
birth weight and maternal smoking when linked te fiingle polymorphism d&STT1
after adjusting for gestational age, education, B&Hid marital status. Among non-
smoking mothers, genotype alone did not confer siggificant adverse effect on the
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birth weight. However, tests of interaction do sbhbw a statistically significant effect.
This might be due to the relatively low frequencly @STT1-0genotype in the
Lithuanian population and low-level exposure toamtd smoke (mean number of
cigarettes smoked per day was 4.8); under suchitcamg] the moderate size of our
epidemiological study was too small to detect aigyiicant interaction effect. The
estimated effect of smoking tended to be higher mgmmothers with theéGSTT1-0
genotype as compared to tl&STM1-0genotype: continuous maternal smoking was
associated with a mean reduction of 162.9 g irhbargight for theGSTT1-0genotype
and a mean reduction of 118.7 g for G®8TM1—-Qgenotype. We found that the effect of
tobacco smoking was significantly higher in theugr@f women with a combination of
GSTT1-andGSTM1-Qalleles. The double-null genotype for b&#$TT1landGSTM1
among light smokers showed a synergistic effect taiedcombination of these genes
was associated with a 311.2-g reduction in birtighie(p = 0.008). These data present
evidence that subjects with the double-rgdhotype for botlGSTTlandGSTM1have

a greater risk of being affected by toxic tobacewke and should hence be treated as
an increased susceptibility group for adverse paagy outcomes.

While interpreting the results of this study, a feenditions should be considered.
This is a low-risk population with low-level tobaccsmoke exposure and low
prevalence ofGSTT1-0Ogenotype; these factors may limit the extrapolaiwdrthese
results to other populations. The evaluation ofosxpe to tobacco smoke was indirect;
we used self-reported information on smoking durmgl before pregnancy, and thus
the possibility of bias in both reporting and exprasclassification exists. However, in
this study, we controlled for the main variableattimight confound the association
between maternal smoking, genetic polymorphism hinth weight; therefore, the
residual confounding of the results by smokingxigeeted to be small.

Our findings provide additional insight into theolmgical determinants of
response to environmental exposure based on thbication of genes and individual
characteristics to a previously unstudied ethnaugrof Lithuanians. We have shown
that tobacco smoke exposure, even at a low-legehssociated with the reduction in
birth weight of infants. Such an association, hogveis modified by the genotype of an
individual. We provide coherent evidence provingttemoking women carrying two
null genotypes o6STT1landGSTM1are at a significantly increased risk of infantHpi
weight reduction. Our data also show that iderdtfan of a susceptible-subject group
should be based on both environmental exposurgeme polymorphism.
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CONCLUSIONS

1. Among Lithuanian women the percentages@TT1-0yenotype was 17% and
of GSTM1-0genotype was 47.0%.

2. During pregnancy the individual total uptake ofHMIs from drinking water
ranged between 0.0025 and 2.40 (median 0.1488). The total chloroform uptake
ranged between 0.0013 and 2.13 (median 0.14gd4)d. Daily uptake of
bromodichlormethane ranged between 0.0001 and (h&tian 0.0280)ug/d and
dibromochlormethane ranged between 0 and 0.064iam@&d0026)ug/d.

3. The risk for LBW is smaller for woman carrie@STM1-1and GSTT1-1
genotypes as compare BSTM1-0andGSTT1-0genotypes carriers. The highest THM
and chloroform impact on LBW was during third trisher of pregnancy: OR 1.33, 95%
Cl 0.62-2.87 and OR 1.45 (0.67-3.13), respectivEhe woman carrier&STM1-0
genotype OR 4.37 (1.36-14.08) and 5.06 (1.50-17.6Egpectively and carriers
GSTT1-@enotype OR 7.30 (0.14-391) and 7.30 (0.14-391).

4. The risk for PB is smaller for woman carrie@STM1-1and GSTT1-1
genotypes. The highest THM and chloroform impact L&8W was during second
trimester of pregnancy: OR 1.33 (0.82-2.17) and D& (0.80-2.13), respectively.
The woman carrier&STM1-0genotype OR 2.07 (1.00-4.35) and 1.97 (0.94-4.15),
while carriersGSTT1-Q@enotype OR 2.46 (0.80-7.68) and 2.66 (0.85-8.29).

5. The highest THM and chloroform impact on SGA wasrdythird trimestre of
pregnancy: OR 1.38 (0.88-2.18) and 1.38 (0.87-2.i€3pectively. The woman
carriers GSTM1-0genotype OR 1.91 (1.00-3.66) and 1.85 (0.97-3.58) @rriers
GSTT1-@enotype OR 1.42 (0.41-5.00) and 1.67 (0.47-5.95).

6. The major effects of maternal smoking on adversgmancy outcomes are for
woman carrier&§SSTM1-0genotype: 5 and more cigarettes per day slighttyeiase the
risk of LBW, OR 1.11, 95% CI 0.26 —4.47. The wontanriersGSTM1-1genotype OR
1.91 (0.43-8.47); a mean reduction birth weight W&8.7 g, while among smoking
woman carriersGSTT1-0genotype a mean reduction birth weight was 162,9 g.
GSTM1-0and GSTT1-0genotypes interaction resulted in reduction birteight to
234.5 (p = 0.078)GSTT1-1landGSTM1-0genotypes interaction reduced birth weight
by 311,2 g (p = 0,008).

7. The effects of maternal smoking and THM exposuneadverse pregnancy
outcomes were modified by the mater@83TTlandGSTM1gene polymorphism. The
LBW, SGA and PB risk increase among woman carre&IM1-0and GSTT1-0
genotypes.
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REZIUM E

Nepalankios &stumo baigtys kelia didelisuomeiés sveikatos specialistupesi
dél didelio ju paplitimo, didelio neiSneSipt naujagimy ir mazos kKno mass
naujagimi sergamumo ir mirtingumo, o kenksmingi aplinkoskseiai yra laikomi
potencialiais nepalanki néStumo baigiy rizikos veiksniais. Pagrindés nepalanki
néStumo baigiu priezastys éra gerai zinomos, t#gau daugja jrodymy, kad didets
itakos gali tukti aplinka (Bove et al., 2002; Aggazzotti et alQ02; Gehring et al.,
2011).

Vaisiaus raida priklauso nuo daugelio tarpusavyjsijgsiy veiksni, jskaitant
genetinius, epigenetinius ir aplinkos rizikos veiks (Windham et al., 2000; Plunkett
& Muglia, 2008). Tyrimai, kurie nagria ivairiy aplinkos veiksni poveil§ ir nésciy
moten individualius genetinius ypatumus, gali iSaiSkinpadidinto jautrumo
kenksmingiems aplinkos veiksniams asmenis ir pa#iskkodél skiriasi nepalanki
néStumo baigiuy rizika, esant vienodo dydzZio ekspozicijai (kenksga aplinkos
veiksnio poveikiui) (Rothman et al., 2001). Be g®resnis patologini mechanizm
suvokimas sudaro tikslipi intervencij, skirty nepalanki néStumo baigiu
profilaktikai, pagrind.

Eksperimentiniai ir epidemiologiniai tyrimai patéikduomem, kad daugelis
geriamojo vandens dezinfekcijos paSaligrodukty (DPP), iskaitant trihalometanus
(THM), gali bati susig su nepalankia vaisiaus raida. Epidemiolagirtyrimy
duomenimis, &s¢ioms moterims, vartojusioms gerigin vanden, kuriame yra
padictjusi THM koncentracija, gali sutrikti vaisiaus aogis, téiau tyrimy rezultatai
yra nevienareikSmiai (Nieuwenhuijsen et al.,, 20@daves et al., 2001; Bove et al.,
2002; Grazuleviciene et al., 2011).

Daugelis ty&u nusta¢, kad tabako tkymas mrStumo metu yra sugg su
naujagimi svorio sumagimu ar kitomis nepalankiomiséBtumo baigtimis (Windham
et al., 2000; Savitz et al., 2001; Sasaki et &1Q8). T&iau ne visos moterys, kurios
raké nésStumo metu, susilagkmazos kno masgs naujagimio. Skirtingosikymo
pasekns priezastys é¢ra gerai Zzinomos. &&au tai gali liti susig su motinos genetiniu
jautrumu, kadangi genai, dalyvaujantys chemmiedziag detoksikacijos procese, gali
turéti jtakos nepalankiomséstumo baigtimis (Wang et al., 2000, 2002, Nukuglket
2000, Infante-Rivard, 2004).

Zmogaus organizmo detoksikacijos procese glutati@wransferaz (GST)
katalizuoja glutationo junginius su tokémis medziagomis, kurie galiab pasalinti iS
organizmo (Raijmakers et al., 2001; Infante—Riv&@04). Molekulije biologijoje
polimorfiné GST apiladinama kaipteta klasss fermentas (GSTT1), o “sujungiantis” ir
“nesujungiantis” fenotipai atitinka eséia aktyvaus GSTT1-)ir nesasio (GSTT1-D
geno aktyvum, kurie gali padidintindividualy jautruny toksiSky medziag poveikiui
(Infante—Rivard et al., 2002; Thier et al., 2008)linkos epidemiologiniuose tyrimuose
pasitelkus molekuliés epidemiologijos metodus galima nustatyti pad@ijgutrumo
Zmoni grupes ir paaiskinti individualaus atsako skirtsmta paf aplinkos veiksi

Iki Siol néra aiSku, kokios THM sudaréims medziagos ir kokiog;jdozs jtakoja
Zmogaus vaisiaus vystysi. Sis tyrimas teikia nagjduomen apie organizmo atsak
aplinkos terSal ekspozicij esant genetiniam polimorfizmui iki Siol netyéioje
Lietuvos motey populiacijoje.
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Sio darbo tikslas- nustatyti geriamojo vandens dezinfekcijos paalprodukiy
trihalometan (THM) ir tabako dmu poveik nepalankioms éstumo baigtims, esant
glutationoStransferazs (GST) genetiniam polimorfizmui.

Tiriamos hipotezés: metaboling geny GSTT1 ir GSTM1 polimorfizmo ir
trihalometan ekspozicijos sveika turijtakos nepalankiomségtumo baigtims; tabako
rakymas, esant genetiniam jautrumui, timkos vaisiaus raidai.

Hipotezms patikrinti, Kaune buvo atliktas lizdinis atvejontroks tyrimas, kuris
yra Europos gungos 6-sios Bendrosios Programos projekto HiIWATEs. Tyrimo
objektu buvo 889 ¢xcios moterys, kurios buvo apklaustos naudojant kiaysus.
Naudojant duomenis apie motinos vandens vartojpn@ius ir THM patekimao; kraup
koeficientus, buvo ask&uota motinp gauta THM vidi doz. RySiui tarp vidigs
THM dozs ir rikymo rneStumo metu, esant motinos genetiniam jautrumui, ir
nepalanki néStumo baigiy nustatyti buvo naudojama daugiaveiksogistiné regresija
ir kontroliuojami ry§ iSkreipiantieji veiksniai.

Nustatyta, kad tarp Lietuvos 19-45m. amZiaus mot&STT1-0 genotipo
paplitimas sudaro 17 %, @STM1-0genotipo — 47 %. Vidutin individuali moten
ekspozicija THM viso &tumo metu buvo: THM 0,0025-2,40 (mediana 0.1733),
chloroformo 0,0013-2,13 (mediana 0,1424), BDCM 001-0,34 pg/d (mediana
0,0280), o DBCM 0-0,064 (mediana 0,0026) ug/d.

Didziausias THM ir chloroformo poveikis mazogno mass naujagimi rizikai
buvo Ill-me reStumo trimestre: GS 1.33, 95% PI 0.62-2.87 ir G&,195% PI 0.67—
3.13, atatinkamai. Mazostko mass nhaujagimi rizika yra mazesn moterims,
turincioms GSTM1-1ir GSTT1-1genotipus. Turitioms GSTM1-0genotip@, GS 4,37,
95% PI1 1,36-14,08 ir GS 5,06; 95% PI 1,50-17,0%intioms GSTT1-0yenoti@, GS
7,30; 95% PI1 0,14-391 ir GS 7,30; 95% PI10,14-391.

Didziausias THM ir chloroformo poveikis neiSnesiotaujagimi rizikai buvo 11—
me reStumo trimestre: GS 1,33; 95% PI 0,82-2,17 ir G&L;195% PI 0,80-2,13,
atatinkamai. NeiSneSpinaujagimy rizika yra mazesnmoterims, turisioms GSTM1—
1ir GSTT1-1 genotipus. Tudioms GSTM1-0genotip, GS 2,07; 95% PI1 1,00-4,35 ir
GS 1,97; 95% PI1 0,94-4,15. Twioms GSTT1-0genotip, GS 2,46; 95 % PI1 % 0,80-
7,68 GS 2,66; 95% P1 0,85-8,29.

Didziausias THM ir chloroformo poveikis maziems phgestacijos amii
naujagimi rizikai buvo lll-me gStumo trimestre: GS 1,38; Pl 0,88-2,18 ir 1,38; PI
0,87-2,16, atatinkamai. MaZpagal gestacijos amginaujagimi; rizika yra mazesn
moterims, turidioms GSTM1-1ir GSTT1-Igenotipus. Turiioms GSTM1-0genotip,
GS 1,91; 95 % PI 1,00-3,66 ir GS 1,85; 95 % PI-03%53. Turigioms GSTT1-0
genotipp, GS 1,42; 95% P10,41-5,00 ir GS 1,67; 95 % B765,95.

Tabako dmu poveikis nepalankiomségtumo baigtims yra didesnigkantioms
moterims, turidioms GSTM1-0genotip: 5 ir daugiau cigakey per dier didina mazos
kino masgs naujagimi rizika, GS 1,11; 95% PI 0,26 —4,47. Tufioms GSTM1-1
genotip, GS 1,91; 95% PI 0,43 —-8,47, lyginant su téiomis GSTM1-0 genotip
vidutinis naujagimi gimimo svoris sumagfa 118,7 g. Turitioms GSTT1-0genotif,
rakantiy moten vidutinis naujagimi gimimo svoris sumaja 162,9 g, o turicioms
GSTM1-0r GSTT1-Qgenotipus, tarpusaviageikos pasekoje gimimo svoris sung?
234,5 g (p=0,078). Turtmtoms GSTT1-1genotip@ ir GSTM1-0genoti@, gimimo svoris
sumazja 311,2 g (p = 0,008).

Tabako ir trihalometan poveikio dyd nepalankioms éstumo baigtims
modifikuoja motinosGSTT1ir GSTM1 gen; polimorfizmas. Moterims, turiioms
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GSTM1-0ar GSTT1-0genotipus, dija naujagimi mazos kno mass, per anksti
gimusiy (neiSnesial) ir maz; pagal gestacijos amgnaujagimi rizika.

Mokslinis naujumas ir praktihsvarba.Tyrimo metu buvo nustatytaS8STT1-0r
GSTM1-0genotip, turinciy itakos individualaus atsakoaplinkos tersalus, paplitimas
Lietuvos motey populiacijoje. Pirm karta Lietuvoje nustatyta THM ir tabakotthy
individualios ekspozicijos ir Glutatione S-transfgxs T1 ir M1 gem polimorfizmo
itaka nepalankioms nStumo baigtims. Be to, émast kad egzistuoja rysys tarpStumo
metu gautos THM vidigs dozs, GSTT1-0r GSTM1-0genotim ir mazos naujagini
kino mass rizikos, kuris pagrindzia, kad genetiniai ir &pB veiksniai turijtakos
nepalankioms ¢éstumo baigtims. Tad GSTM1 ir GSTT1 genus, dalyvaujadius
metabolit; detoksikacijos procese, reikia vertinti kaip paielius mazos naujagimi
kiino mass rizikos veiksnius.

Sio tyrimo rezultatai byloja apie kryptingos pdiiis ir prevencinj prograny,
skirty nutraukti tikyma ir chloruoto vandens vartojgnnéStumo metu, reikalingum
Nepalanki néStumo baigiu etiologinip mechanizm supratimo gerinimas skatins
taikyti tinkamas priemones, skirtasazos naujagimikiino mass rizikos prevencijai ir
naujagimi sergamumui ir mirtingumui mazinti.
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