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Abstract: Little is known about genetic susceptibility to individual trihalomethanes (THM) in
relation to adverse pregnancy outcomes. We conducted a nested case-control study of
682 pregnant women in Kaunas (Lithuania) and, using individual information on drinking
water, ingestion, showering and bathing, and uptake factors of THMs in blood, estimated an
internal THM dose. We used logistic regression to evaluate the relationship between internal
THM dose, birth outcomes and individual and joint (modifying) effects of metabolic gene
polymorphisms. THM exposure during entire pregnancy and specific trimesters slightly
increased low birth weight (LBW) risk. When considering both THM exposure and maternal
genotypes, the largest associations were found for third trimester among total THM (TTHM)
and chloroform-exposed women with the GSTM -0 genotype (OR: 4.37; 95% CI: 1.36-14.08
and OR: 5.06; 95% CI: 1.50-17.05, respectively). A test of interaction between internal THM
dose and GSTMI-0 genotype suggested a modifying effect of exposure to chloroform and
bromodichloromethane on LBW risk. However, the effect on small for gestational age (SGA)
was not statistically significant. These data suggest that THM internal dose may affect foetal
growth and that maternal GSTM1 genotype modities the THM exposure effects on LBW.
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1. Introduction

In the last decades, a number of epidemiologic studies have been carried out to determine the effect
of water chlorination disinfection by-products (DBPs) on adverse pregnancy outcomes. However, there
is little or no evidence for associations between total trihalomethane (TTHM) concentration and
adverse birth outcomes relating to foetal growth and prematurity, with the possible exception of small
for gestational age (SGA) [1-3]. Most of the previous investigations have evaluated crude THM
exposure and these studies differed on control of maternal characteristics that could also to be
associated with adverse pregnancy outcomes. Data from recent epidemiologic studies show that the
health effects are related not only to THM levels, but also to water use habits, and various subject
characteristics, among them genotype [4-6].

In human detoxification processes glutathione S-transferases (GSTs) catalyse the conjugation of
glutathione to toxic compounds that may be excreted [7,8]. The polymorphic GST could be
characterised as a class theta enzyme (GSTT1) by means of molecular biology. “Conjugator” and
“non-conjugator” phenotypes are coincident with the presence (GSTT/-I) and absence (GSTT1-0) of
the gene activity that may lead to altered individual susceptibility to environmental exposures [9,10].

To our knowledge, only a single study has considered the role of genetic polymorphisms of the
genes CYP2EI and 5,10-methylenetetrahydrofolate reductase in the study of relationship between
THMSs constituents’ exposure and foetal growth [9]. Our case-control study sought to overcome
several of the drawbacks of previous studies by using individual internal dose assessments based on
detailed water use behaviours, individual THMs, and controlling for various confounding variables to
examine relationships between the exposure and foetal growth in genetically susceptible women. The
purpose of this study was to examine whether the polymorphisms of metabolic genes GS77/ and
GSTM]1 affect the association of maternal exposure to THM with LBW and SGA risk.

2. Experimental Section
2.1. Participants

This Kaunas (Lithuania) cohort study is as a part of European Commission FP6 Health Impacts of
Long-term Exposure to Disinfection By-products in Drinking Water in Europe (HIWATE) project [11].
Details on study subjects and the methods have been reported elsewhere [12,13]. The subjects of this
nested case-control study were 682 women, whose blood samples were collected for genetic analysis, and
who delivered singleton live births. LBW was defined as an infant’s birth weight of less than 2,500 g.
Infants were considered SGA if they were in the lowest 10th centile of birth weight for each
gestational week stratified by infant gender and maternal ethnic group. The study ethics complied with
the Declaration of Helsinki; and the women were enrolled in the study only if they consented to
participate in the study. The research protocol was approved by the Lithuanian Bioethics Committee
and informed consent was obtained from all subjects.
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2.2. Genotyping

DNA was purified from the peripheral blood using DNA purification kits (SORPOclean Genomic
DNA Extraction Kit, Vilnius, Lithuania). The GSTM - and GSTTI-null genotypes were identified by
the multiplex polymerase chain reaction (PCR) as described by Arand ef al. [14] to determine the
presence (at least one allele present: AA or Aa) or absence (complete deletion of both alleles: aa) of
GSTM1 and GSTTI genes. The detailed method and PCR conditions can be found elsewhere [12].

2.3. Exposure Assessment

The target population was women living in Kaunas city’s four water treatment plant supply zones.
However, the four water treatment plants, which disinfect ground water with sodium hypochlorite,
produced different concentrations of THMs in finished water. One treatment plant (Petrasiunai)
supplied finished water with higher levels of THMs (“high level THM site”, 54.9% subjects), and the
three other plants supplied finished water with lower levels of all THMs (“low level THM site™) [13].
Water samples were collected four times per year over the 3-year study period (2007-2009). Samples
were analysed at the University of the Aegean (Mitilini, Greece) using gas chromatography with
electron capture detection [15]. Measurements included specific values for the four regulated THMs
(chloroform, bromoform, bromodichloromethane, and dibromochloromethane) and nine haloacetic
acids (HAAs). Selected samples were analyzed for five haloacetonitriles, two haloketones,
chloropicrin, and chloral hydrate. In addition, selected samples were analyzed at the National Institute
for Health and Welfare (THL, Helsinki, Finland) for the halogenated furanone MX. Only regulated
THM data were evaluated in this study since the other halogenated DBPs were present only at low or
sub ng/L levels, if detected at all.

We used tap water THM concentration, derived as the average of quarterly sample values over the
time that the pregnancy occurred from all sampling sites located in the each distribution system, and
geocoded maternal address at birth to assign the individual women’s residential exposure index.
Estimates of exposure index to total and specific THMs from drinking water were tabulated first as an
average level at the tap over the pregnancy period [13]. Then THM levels in drinking water samples
and personal information were combined. We calculated ingestion, showering, and bathing THM
uptakes and added those up. The internal dose (amount of substance uptake through skin by contact,
lungs by breathing and gastrointestinal tract by swallowing that is retained in body through different
routes) was used as an exposure to THM index.

We combined every subject’s residential exposure index and water-use questionnaire data to assess
individual exposure through ingestion of THMs. Women were asked to indicate the cup or glass size
and number of cups or glasses of tap water consumed per day, including hot and cold beverages made
from tap water. With this information, we calculated daily amounts of hot and cold tap water ingested.
Integration of the information on residential THM levels (ug/L), ingested amounts (L/day), and
modifications by heating using an estimated uptake factor of 0.00490 to derive an integrated index of
blood concentration, expressed in micrograms per day (ug/d) [13,16,17].

We assumed a null THM level for any bottled water consumption since in local bottled water
production chlorination and ozonation are not used. Finally, we addressed dermal absorption and
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inhalation by considering showering and bathing alone and combined with ingestion. We multiplied
residential THM levels (ug/L) by frequency and average duration of bathing or showering per day
(min/day) and calculated each mother’s trimester-specific and entire pregnancy average daily uptake of
THM internal dose (mg/d) [13,16,18]. Finally, we combined this information with THM uptake by
ingestion, using an estimated uptake factor expressed in micrograms per day [19]. We then used
average daily total uptakes from ingestion, showering, and bathing in our analysis as categorised
variables by median of THM internal dose (pg/d) in different maternal genotypes subgroups.

2.4. Statistical Analysis

We applied a Chi square test to estimate the univariate associations between maternal and
environmental characteristic and proportions of LBW and SGA. We used multivariate logistic
regression to evaluate the association between maternal exposure of THMs and risk of LBW and SGA,
controlling for maternal characteristics; the adjusted ORs with 95% confidence intervals are presented.
The maternal dose was used categorized as binary variable.

For the LBW analyses data were adjusted for square gestational age, marital status, maternal
education, maternal smoking, paternal smoking, alcohol consumption, body mass index, blood
pressure, ethnic group, pregnancy history, infant gender, and birth year. For SGA analyses we adjusted
for parity, marital status, maternal education, maternal smoking, body mass index, and birth year.

Then we investigated whether the association between maternal exposure to THM and birth
outcomes was modified by maternal genotypes. The subgroups were defined by maternal genotype for
GSTTI (present, absent) and GSTM1 (present, absent) and maternal exposure to THM status during
pregnancy (above median/below median).

Subsequently, we tested for the interaction effect of maternal THM exposure, GSTT1 and GSTM1
with LBW and SGA by adding all the product terms in the regression models, while adjusting for
potential confounders. Two-tailed statistical significance was evaluated by using a p value of 0.05. All
statistical analyses were carried out using the SPSS software for Windows version 12.0.1.

3. Results and Discussion
3.1. Results

In this manuscript only regulated THMs data were evaluated since the other halogenated DBPs
were present only at low or sub ug/L levels, if detected at all. The mean sum (and standard deviation)
of the dihalogenated and trihalogenated HAAs for the high level site was 0.5 (0.7) and 0.3 (0.7) pg/L,
respectively, whereas they were 0.3 (0.8) and 0.1 (0.2) pg/L, respectively, for the low level sites. The
mean values of other individual halogenated DBPs (i.e., haloacetonitriles, haloketones, chloropicrin,
chloral hydrate, monohalogenated HAAs) were all less than 1.0 pg/L each for both high and low THM
sites. MX was only measured once for the high level site and it was not detected, whereas it was
measured three times at the low level sites and was 0.6—1.5 ng/L. Thus, only THM data were evaluated
in this analysis, since there was a substantial difference in THM occurrence between high and low
THM sites.
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The mean TTHM level the three water treatment plants in the low level sites from was 1.3 pg/L and
in the high level site (Petrasiunai) it was 21.9 pg/L. The individual total uptake of TTHM ranged
between 0.0025 and 2.4040 pg/day, and the median was 0.1733 ng/day. The total gestational
chloroform uptake ranged between 0.0013 and 2.1328 pg/day, and median was 0.1424 pg/day. Daily
uptake of bromodichloromethane ranged between 0.0001 and 0.34 pg/day, median was 0.0280 ug/day,
and for dibromochloromethane it ranged between 0 and 0.064 ng/day, median was 0.0026 pg/day.

Our analysis included a total of 682 pregnant women; among them 48.4% were exposed to low
level THM and 51.6% were exposed to high level THM (Table 1). Among these, 59 infants were
classified as LBW and 96 as SGA. The proportion of LBW and SGA cases tended to be higher among
women of high THM level site to compare to the low THM level sites. The women recruited were
predominantly Lithuanian in ethnic origin (96.8%), did not smoke (89.6%), and during pregnancy did
not use alcohol (93.8%). The mean age at enrolment was 28.8 years and the women tended to be
highly educated (48.1% with a university degree). In general, mothers who were single, had
underweight and normal weight, and had previous preterm history delivered a higher proportion of
LBW. The characteristics that were statistically significant associated with SGA were young maternal
age, single women, first infant, underweight and normal weight, and maternal disease. The prevalence
of GSTTI-0 genotype was 16.4%, while GSTM -0 was 48.7%. Among mothers who delivered LBW
infants, the prevalence of GSTTI-0 genotype was higher compared to controls (20.3% vs. 16.4%,
respectively). Similar results were found for GSTM -0 genotype (57.6% vs. 47.9%, respectively). On
the other hand, among mothers who delivered SGA infants, the prevalence of GSTM -0 genotype was
higher compared to controls (49.0% vs. 47.9%, respectively).

Table 1. Percent distribution of low birth weight and small for gestational age by maternal
characteristics and p value of chi square.

Characteristic Total Control Low birth Small for gestation
Risk factors N (%) N (%) weight N (%) age N (%)

Maternal age

<20 years 17 (2.5) 10 (1.8) 1(1.7) 7(7.3)°

20-29 years 402 (58.9) 330 (60.1) 29 (49.2) 51(53.1)

>30 years 263 (38.6) 209 (38.1) 29 (49.2) 38 (39.6)
Marital status

Married 532 (78.0) 439 (80.0) 40 (67.8) * 66 (68.8) *

Not married 150 (22.0) 110 (20.0) 19 (32.2) 30 (31.2)
Maternal smoking

Non-smoker 611 (89.6) 491 (89.4) 53 (89.8) 86 (89.6)

Smoker (<1 cig/day) 71 (10.4) 58 (10.6) 6 (10.2) 10 (10.4)
Paternal smoking

No 327 (48.3) 264 (48.4) 26 (44.8) 44 (46.3)

Yes (<1 cig/day) 350 (51.7) 282 (51.6) 32 (55.2) 51(53.7)
Alcohol consumption

No 640 (93.8) 516 (94.0) 55(93.2) 88 (91.7)

Yes (<1 alc unit/day) 42 (6.2) 33 (6.0) 4 (6.8) 8 (8.3)
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Table 1. Cont.

Characteristic Total Control Low birth Small for gestation
Risk factors N (%) N (%) weight N (%) age N (%)

Blood pressure

<140/80 mm/Hg 581 (85.2) 470 (85.6) 49 (83.1) 78 (81.3)

>140 or >90 mm/Hg 101 (14.8) 79 (14.4) 10 (16.9) 18 (18.7)
Ethnic group

Lithuanian 660 (96.8) 531 (96.7) 57 (96.6) 92 (95.8)

Other 22 (3.2) 18 (3.3) 2(3.4) 4(4.2)
Maternal education

primary school 58 (8.5) 43 (7.8) 9(15.2) 11 (11.4)

secondary school 296 (43.4) 242 (44.1) 23 (39.0) 38 (39.6)

university degree 328 (48.1) 264 (48.1) 27 (45.8) 47 (49.0)
Parity

No child 319 (46.8) 249 (45.4) 26 (44.1) 54 (56.2)°

> child 363 (53.2) 300 (54.6) 33(55.9) 42 (43.7)
Body mass index

<25 Underweight and normal 238 (35.0) 169 (30.8) 33(55.9)° 50 (52.1)°

25-30 Overweight 308 (45.1) 256 (46.6) 20 (33.9) 37 (38.5)

>30 Obesity 136 (19.9) 124 (22.6) 6 (10.2) 9(9.4)
Hazard work exposure °

No 608 (89.1) 489 (89.1) 51(83.6) 87 (90.6)

Yes 74 (10.9) 60 (10.9) 10 (16.4) 9(9.4)
Maternal disease °

No 461 (67.6) 364 (66.3) 37 (62.7) 76 (79.2) °

Yes 221 (32.4) 185 (33.7) 22 (37.3) 20 (20.8)
Premature baby

No 654 (95.9) 508 (92.5) 53 (89.8)" 93 (96.9)

Yes 28 (4.1) 41 (7.5) 6 (10.2) 3.1
THM exposure area

Low level 330 (48.4) 279 (50.8) 26 (44.1) 44 (45.8)

High level 352 (51.6) 270 (49.2) 33(55.9) 52 (54.2)
Infant gender

Male 364 (53.4) 297 (54.1) 27 (45.8) 49 (51.0)

Female 318 (46.6) 252 (45.9) 32 (54.2) 47 (49.0)
Socioeconomic status

Low 255 (37.4) 202 (36.8) 20 (33.9) 39 (40.6)

Medium 321 (47.1) 262 (47.7) 29 (49.2) 42 (43.8)

High 106 (15.5) 85 (15.5) 10 (16.9) 15 (15.6)
GSTTI

GSTTI1-1 570 (83.6) 459 (83.6) 47 (79.7) 81 (84.4)

GSTTI1-0 112 (16.4) 90 (16.4) 12 (20.3) 15 (15.6)
GSTM1

GSTMI1-1 350 (51.3) 286 (52.1) 25 (42.4) 49 (51.0)

GSTM1-0 332 (48.7) 263 (47.9) 34 (57.6) 47 (49.0)

' p <0.05 ® Hazard work exposure (chemicals, dust, noise, hard work and other, this was a subjective
assessment of each participant); © Maternal disease: diabetes, renal and urinary, sexual, respiratory, heart and
vascular, congenital heart disease; 4 Socioeconomic  status—Low (housekeeper, workwoman, student,

jobless); Medium (salaried, farmer); High (manager, businesswoman).
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Maternal exposure to TTHM and chloroform internal dose above the median during the entire
pregnancy was associated with a slight increase in OR for LBW and SGA to compared to the reference
below median group, after adjustment for potential confounding factors (Table 2). We observed a
tendency of increasing LBW risk with increasing pregnancy duration for subjects exposed to TTHM
and chloroform. During the third trimester, the odds ratios for LBW were 1.33, 95% CI: 0.62-2.87;
and OR: 1.45, 95% CI: 0.67-3.13, respectively, for TTHM and chloroform. Similarly, third trimester
TTHM and chloroform exposures increased slightly in risk for SGA (OR: 1.33, 95% CI: 0.84-2.13;
and OR: 1.31, 95% CI: 0.82-2.08). For the DBCM and BDCM exposure we also observed slightly
elevated odds ratios for LBW and SGA.

Table 2. Low birth weight and small for gestation age adjusted odds (OR) ratios and 95%
confidence intervals (CI) for trimester-specific and entire pregnancy exposure to internal

dose THM.
a Low birth weight Small for gestation age
THM
cxposure 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)

1.32 (0.83-2.10)
1.20 (0.75-1.91)
1.17 (0.74-1.86)
1.33 (0.84-2.13)

1.31 (0.82-20.9)
1.25 (0.78-1.99)
1.23 (0.77-1.95)
1.31 (0.82-2.08)

1.31 (0.82-2.09)
1.30 (0.82-2.08)
1.25 (0.79-2.00)
1.31 (0.82-2.09)

1.35 (0.80-2.29)
2.19 (1.20-3.99)
1.40 (0.82-2.39)
1.68 (0.97-2.89)

* Reference group below median; ° Adjusted for marital status, square gestational age, maternal education,
maternal smoking, paternal smoking, alcohol consumption, body mass index, blood pressure, premature
baby, infant gender, and birth year; © Adjusted for parity, maternal status, maternal education, maternal
smoking, body mass index, birth year; ¢ TTHM—total trihalomethane; DBCM—dibromochloromethane,
BDCM—bromodichloromethane.

When the GSTT1 genotype was considered, the association between exposure to THM and LBW
differed by genotype: OR for LBW among women exposed to TTHM during the entire pregnancy was
1.19 (95% CI: 0.50-2.82) and 7.40 (95% CI: 0.13-409) for the present and absent genotypes,
respectively. The findings were similar for chloroform: in carriers of GSTT/—-0 genotype exposure was
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associated with higher OR during entire pregnancy than in carriers of GSTT/—1 genotype, OR: 7.48
(95% PI: 0.13—441) and 1.19 (95% PI: 0.50-2.28), respectively. Similar results were found for all three
trimesters. The findings were similar when the DBCM exposures were analyzed (Table 3).

In analysis of SGA, the largest association was found among women exposed for the third
trimester. Women carrying GSTT1-0 genotype exposed to TTHM OR for third trimester were 1.51,
95% CI: 0.43-5.29, while for GSTTI-1 it were 1.22, 95% CI: 0.73-2.03; and for exposed to
chloroform OR were 1.75, 95% CI: 0.50-6.10 and 1.18, 95% CI: 0.71-1.97, respectively, for absent
and present genotype. However, a test of interaction did not show statistically significant results.

Table 3. Low birth weight and small for gestational age adjusted odds ratios (OR) and
95% confidence intervals (CI) for gestational exposure to internal dose THMs according
maternal polymorphisms in the GSTTgene.

THM

GSTTI1

Entire pregnancy

First trimester

Second trimester

Third trimester

N(%)"
exposure®  genotype (%) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
LBW®
GSTTI-1 2455) 1.19 (0.50-2.82) 0.97 (0.41-2.28) 1.10 (0.47-2.59) 1.23 (0.52-2.90)
TTHM ¢ GSTTI-0 7.40 (0.13-409) 7.48 (0.13-441) 7.48 (0.13-441) 7.30 (0.14-391)
_ 5(12.2)
Interaction 1.24 (0.18-8.40) 1.42 (0.21-9.59) 1.26 (0.18-8.55) 1.19 (0.17-8.09)
GSTTI-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)
24 (8.4)
cH? GSTTI-0 7.48 (0.13-441) 7.48 (0.13—441) 7.48 (0.13—441) 7.30 (0.14-391)
5(11.9)
Interaction 1.14 (0.17-7.67) 1.25 (0.19-8.45) 1.21 (0.18-8.14) 1.18 (0.17-8.00)
GSTTI-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)
24 (8.7)
BDCM ¢ GSTTI-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)
. 4(10.0)
Interaction 0.62 (0.09-4.23) 0.61 (0.09—4.17) 0.63 (0.09—4.30) 0.61 (0.09-4.17)
GSTTI-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)
27 (14.8)
DBCM ¢ GSTTI-0 56.1 (0.00-2x10")  8.79 (0.21-377) 1.20 (0.06-25.3) 0.54 (0.02-12.51)
. 5(14.7)
Interaction 0.40 (0.06-2.77) 0.95 (0.14-6.68) 0.84 (0.12-5.96) 0.91 (0.13-6.26)
SGA ©
GSTTI-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)
43 (15.1)
TTHM ¢ GSTTI-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)
. 5(12.2)
Interaction 0.82 (0.22-3.00) 0.90 (0.25-3.28) 0.91 (0.25-3.34) 1.22 (0.34-4.33)
GSTTI-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)
43 (15.1)
cH? GSTTI-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)
5(11.9)
Interaction 0.80 (0.22-2.92) 0.86 (0.24-3.14) 0.94 (0.26-3.44) 1.35 (0.38-4.81)
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Table 3. Cont.

4478

THM GSTTI1 N(%)" Entire pregnancy First trimester Second trimester Third trimester
exposure * genotype ° OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
GSTTI-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)
42 (15.2)
BDCM ¢ GSTTI-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)
5(12.5
Interaction (12:3) 0.83 (0.23-3.04) 0.75 (0.21-2.79) 0.61 (0.16-2.35) 0.82(0.23-3.02)
GSTTI-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)
38(20.9)
DBCM ¢ GSTTI-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)
. 7 (20.6)
Interaction 1.35(0.38—4.80) 1.61 (0.45-5.82) 2.09 (0.58-7.53) 0.98 (0.28-3.43)

“Reference group below median; ° The number of cases above median for entire pregnancy; ® Adjusted for
marital status, square gestational age, maternal education, maternal smoking, paternal smoking, alcohol
consumption, body mass index, blood pressure, ethnic group, pregnancy history, infant gender, and birth
¢ TTHM, total trihalomethane; CH—Chloroform, DBCM—dibromochloromethane, BDCM—

bromodichloromethane; © Adjusted for parity, maternal status, maternal education, maternal smoking, body

year;
mass index, birth year.

Table 4 the shows association of maternal exposure to THMs above the internal dose median in
different GSTM1 genotypes with LBW and SGA. The findings suggest that woman carriers of
GSTMI1-0 genotype and exposed to THM had an increased risk for LBW and SGA compared to
woman carriers of GSTM—Igenotype.

The highest risk for LBW was found during the third trimester among woman exposed to TTHM
(OR: 4.37,95% CI: 1.36—-14.08) and chloroform (OR: 5.06, 95% CI: 1.50-17.05). Exposure to BDCM
during the third trimester among woman carriers of GSTM -0 genotype was associated with OR: 1.43,
95% CI: 0.73-2.81 and exposure to DBCM produced OR: 1.55, 95% CI: 0.72-3.36.

Table 4. Low birth weight and small for gestational age adjusted odds ratios (OR) and 95%
confidence intervals (CI) for gestational exposure to internal dose THMs according
maternal polymorphisms in the GSTM1 gene.

THM GSTM1 b Entire pregnancy First trimester Second trimester Third trimester
N (%)
exposure * genotype OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
LBW*
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)
8 (4.6)
TTHM ¢ GSTM1-0 4.23(1.25-14.32)° 2.88(0.90-9.22) 3.21(1.01-10.2) ¢ 4.37 (1.36-14.08) ©
21(13.9)
Interaction 13.37 (2.36-75.8) 9.29 (1.71-50.35) 10.28 (1.88-56.23) © 13.35(2.41-73.87) ¢
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)
8 (4.6)
CH! 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)
21(13.9)

Interaction

12.88 (2.27-73.2) ¢

6.70 (1.29-34.73)

7.04 (1.34-37.0) ¢

15.86 (2.75-91.40)




Int. J. Environ. Res. Public Health 2012, 9

Table 4. Cont.

4479

THM GSTM1 N Entire pregnancy First trimester Second trimester Third trimester
N (%)
exposure * genotype OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
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)
9(5.5)
BDCM ¢ 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)
19 (12.6) \ \
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) ¢
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)
12 (10.1)
11.97 (0.42-337) 1.47 (0.41-5.34) 2.13 (0.67-6.81) 1.78 (0.55-5.75)
DBCM ¢ GSTM1-0
20 (20.6) 13.75 (0.23-83.3) 0.88 (0.19-4.10) 3.05 (0.63-14.87) 1.95 (0.40-9.56)
Interaction
SGA
GSTM1-1 0.84 (0.42—-1.68) 0.80 (0.40-1.61) 0.78 (0.39-1.57) 0.86 (0.43-1.74)
23(13.2)
TTHM ¢ GSTM1-0 1.80 (0.92-3.55) 1.60 (0.82-3.15) 1.54 (0.79-3.02) 1.81 (0.92-3.56)
25 (16.6)
Interaction 2.26 (0.85-5.95) 2.18 (0.82-5.75) 2.07 (0.79-5.46) 2.19(0.83-5.79)
GSTM1-1 0.84 (0.42-1.68) 0.89 (0.45-1.78) 0.90 (0.45-1.80) 0.88 (0.44-1.78)
23 (13.2)
CH! GSTM1-0 1.78 (0.90-3.50) 1.59 (0.81-3.12) 1.52 (0.78-2.97) 1.74 (0.89-3.41)
25 (16.3)
Interaction 2.12 (0.81-5.54) 1.87 (0.72-4.88) 1.71 (0.66—4.87) 1.98 (0.76-5.20)
GSTM1-1 1.05 (0.52-2.10) 1.00 (0.50-2.01) 0.96 (0.48-1.93) 1.05 (0.52-2.10)
24 (14.5)
BDCM ¢ GSTM1-0 1.42 (0.72-2.79) 1.50 (0.77-2.95) 1.42 (0.72-2.79) 1.43 (0.73-2.81)
23 (15.2)
Interaction 1.42 (0.55-3.71) 1.60 (0.61-4.16) 1.55 (0.59-4.03) 1.42 (0.55-3.71)
GSTM1-1 1.57 (0.72-3.40) 2.33(0.91-5.95) 1.44 (0.67-3.12) 1.63 (0.73-3.64)
26 (21.8)
DBCM ¢ GSTM1-0 1.09 (0.51-2.32) 1.74 (0.77-3.97) 1.23 (0.57-2.65) 1.55 (0.72-3.36)
19 (19.6)
Interaction 0.61 (0.23-1.61) 0.43 (0.16-1.14) 0.58 (0.22-1.53) 0.87 (0.33-2.26)

* Reference group below median; * The number of cases above median for entire pregnancy; ¢ Adjusted for
marital status, square gestational age, maternal education, maternal smoking, paternal smoking, alcohol
consumption, body mass index, blood pressure, ethnic group, pregnancy history, infant gender, and birth
year; 4 TTHM, total trihalomethane; CH—Chloroform, DBCM-—dibromochloromethane, BDCM—
bromodichloromethane; © p < 0.05; © Adjusted for parity, maternal status, maternal education, maternal
smoking, body mass index, birth year;

A test of interaction between maternal exposure to THM and maternal GSTM genotypes shows
statistically significant results for LBW of second and third trimesters for TTHM (OR: 10.28 and
13.35), chloroform (OR: 7.04 and 15.86), and BDCM (OR: 5.11 and 5.29) exposure.

Adjusted analyses of SGA showed a consistent but small increase in ORs among woman carriers
GSTMI1-0 genotype and exposed to THMs. In third trimester OR was 2.19, 95% CI: 0.83-5.79 for
TTHM, OR: 1.98, 95% CI: 0.76-5.20 for chloroform, and OR: 1.43, 95% CI: 0.73-2.81 for BDCM



Int. J. Environ. Res. Public Health 2012, 9 4480

exposure. These increases were more pronounced when the interaction was examined. However, a test
of interaction between GSTMI genotypes and exposure to THMs didn’t show statistically significant
results for SGA.

3.2. Discussion

In this study we examined the effects of THM exposure as internal dose on LBW and SGA. This
study used a case-control design to analyze the genetic effects and the gene-environment interaction
controlling for major confounding variables. No statistically significant associations were observed
between quantitative estimates of internal dose of THMs and birth outcomes. Our data suggest that the
polymorphisms of the metabolic gene GSTM1 may have an effect on the association of maternal
exposure to THM with LBW and SGA risk. When we considered both individual THM exposure and
maternal genotypes, we were able to demonstrate a consistent, statistically significant effect on LBW
associated with TTHM, chloroform and BDCM compared with unexposed women. The largest
associations for LBW were found for third trimester among TTHM and chloroform exposed women
with the GSTM1-0 genotype (OR: 4.37, 95% CI: 1.36-14.08 and OR: 5.06, 95% CI: 1.50-17.05,
respectively). The results were more pronounced when interactions of genotype and THM exposure
were examined. The adjusted ORs for TTHM were 15.86, 95% CI: 1.36-14.08; for chloroform ORs
were 5.06, 95% CI: 1.50-17.05; and for BDCM it was 5.29, 95% CI: 1.03-27.15. We did find a non-
significant elevated risk for SGA for those exposed to TTHMs during the three trimesters with highest
ORs during the third trimester among women carriers of the GSTM1-0 genotype (OR: 1.81, 95% CI:
0.92-3.56) and GSTT1-0 genotype (OR: 1.51, 95% CI: 0.43-5.29). These data suggest that women
with an absence of the enzyme activity appear to be susceptible to the adverse effects of THMs, such
as increased risk of LBW.

To date, no other published study has evaluated the risk for LBW or SGA and THM constituents as
individual internal doses in association with GSTTI and GSTM1 genotype polymorphism. Our results
are consistent with previous studies, which suggested that exposure to THMs in the third trimester has
a greater adverse effect on LBW and SGA than exposure early in pregnancy [20]. Some authors have
presented that term LBW risk mostly increased during the second trimester (OR: 1.50, 95% CI: 1.07 to
2.10) [21]. Our results show that highest SGA risk associated with TTHM exposure was found during
the third trimester (OR: 1.33, 95% CI: 0.84 to 2.13), while Wright et al. [22] found increased risk of
SGA for second trimester (OR: 1.13; 95% CI: 1.03 to 1.24). Some study results provide no evidence of
any increased risk of LBW, TLBW, and preterm delivery at the relatively low concentration of
TTHMs [23,24]. Data of a Swedish study shows that exposure to sodium hypochlorite increase LBW
(OR: 1.15, 95% CI: 1.05 to 1.26) [25]. Kramer et al. [26] concluded that chloroform concentrations
greater than or equal to 10 micrograms/litre were associated with an increased risk for intrauterine
growth retardation (OR: 1.8, 95% CI: 1.1 to 2.9).

Relative to previous epidemiologic studies of this issue, this study has the advantage of seeking to
overcome the exposure assessment drawbacks by using individual internal dose estimation based on
different routes, detailed water use behaviours and studying individual THM, to examine relationships
between the exposure and foetal growth in genetically susceptible women. The major strength of our
study is the concurrent measurement of THM concentrations that we used for internal dose estimation,
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over the course of pregnancy. As a result, assignment of trimester average residential THM
concentrations and estimation of individual THM uptake through drinking, showering and bathing
should be more accurate than those used in previous studies.

Another advantage of this study was the extensive control for confounding variables estimated for
studying population. We estimated the association between THM internal dose levels and LBW
controlling for gestational age, family status, gestational age, education, maternal and paternal
smoking, alcohol consumption, body mass index, blood pressure, ethnic group, pregnancy history,
infant gender, and birth year, for which we were able to adjust. Lack of information regarding the
validity of the internal dose assessment models that we used is one of the limitations of this study.
However, not all women exposed to THM during pregnancy have adverse reproductive outcomes, and
several studies have suggested that potential reasons lie in genotoxicity, oxidative stress, disruption of
foliate metabolism, [27] and maternal genetic susceptibility [28—-30].

The single study which analyzed drinking water contaminants, foetal growth and CYP2EIgenetic
polymorphisms was conducted in Canada [8]. There, the adjusted odds ratio for intrauterine growth
restriction associated with exposure to average TTHM above the 29.4 pg/L was 13.20 (95% CI:
1.19-146.72). These findings suggest that exposure to THM at the highest levels can affect foetal
growth in genetically susceptible newborns.

The metabolism of environmental toxicants includes the several allelic variants of the polymorphic
GST group whose show impaired enzyme activities and increase the susceptibility to both
environmental xenobiotics and adverse birth outcomes [31,32]. GSTM polymorphism is found to be
present in 40 to 60% of most populations. Among Kaunas pregnant women GSTMI—0 genotype is
present in 48.7% of subjects. The deficiency of GSTMI has been shown to increase DNA-adduct
formation and cytogenic damage [33]. The frequency of the GSTT—0 allele has been reported to be
30 to 40% in Germany [34], while in Lithuania it is 16.4%. It is possible that GST induction represents
part of an adaptive response mechanism to chemical stress [31], therefore genetic polymorphism of
GSTM1 and GSTTI may modify the oxidative stress caused by maternal exposure to THM and lead to
adverse pregnancy outcomes.

When the results of this study are interpreted, a few conditions should be considered. This is
a low-risk population with low-level THM exposure and low prevalence of GSTTI-null genotype;
these factors may limit the extrapolation of these results to other populations. The THM exposure
classification was based on median internal dose level, and thus the possibility of bias in exposure
classification exists. However, in this study, we controlled for the main variables that might confound
the association between THM, genetic polymorphism and foetal growth; therefore, the residual
confounding of the results by exposure is expected to be small.

Previous studies have suggested several plausible gene-environment interaction explanations. First,
chemical substances could disturb foetal and placental cellular regulation via elevated PAH-DNA adducts
due to the increased activity of enzymes that metabolize toxins (e.g., CYPIAI) and lower or absent activity
of enzymes that detoxify these compounds (e.g., GSTTI— and GSTMI-null genotypes) [35]. Second,
gene-xenobiotic interactions may exert their synergistic effects through oxidative stress that occurs
upon chemical exposure. In response to this stress various inflammatory cytokines are produced in
lung tissue increasing inflammatory responses and immune responses [36]. Further, other
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environmental factors and genetic polymorphism of GSTM1 and GSTT! may modify the response to
oxidative stress and lead to adverse pregnancy outcomes [37].

Recently reported DBP toxicity of HIWATE program site water samples revealed that chronic
mammalian cell cytotoxicity correlated highly with the numbers of DBPs identified and the levels of
DBP chemical classes [38]. In this study we found that the number of identified DBPs, the level of
DBPs, the cytotoxic potency, and the genotoxic potency were all higher for the Kaunas high level
THM site samples versus low level THM site samples. This relationship supports the epidemiologic
findings of this study for an association between adverse reproductive effects, exposure to DBPs and
genetic sensibility. There was a clear difference in the genotoxic responses among the Kaunas high
level THM site and low level THM sites and these data suggest a coherent association between the
analytical chemistry, the in vitro toxicology, and the epidemiologic results of this study, although, the
association observed between the internal THM dose, GSTM -0 genotype and LBW risk may be due
to DBPs that were not studied, or other toxic water contaminants.

Since there have been only a single epidemiological study that included the association between
GST gene polymorphism, human susceptibility to THMs and adverse birth outcomes, further study is
required to clarify the role of the GST polymorphism in foetal development. Our results are
preliminary and need to be confirmed in a larger sample with a greater contrast in THM concentrations
and internal THM doses.

4. Conclusions

Our results add to a growing body of epidemiological research about the harmful effects of THM
exposure on foetal development. We found evidence for an association between third-trimester and
whole-pregnancy internal dose levels of THM and foetal growth in genetically susceptible women’s.
Such as association, however, is modified by an individual’s genotype. Data on the interaction between
THM exposures and GST genes polymorphism shows that effect of THM on LBW is amplified by the
GSTM1-0 genotype. Future research of the effects of DBPs on birth outcomes should include analyses
by genetic susceptibility and address potential causes of variation in effect estimates.

Acknowledgments

We acknowledge the contribution of the Clinics of Kaunas University of Medicine involved in the
registration of pregnancy outcomes. We also thank Maria Kostopoulou-Karadanelli and Stuart W
Krasner for THM analyses and consultations. This work was supported in part by grant FP6-036224
from the European Commission.

Conflict of Interest
The authors declare no conflict of interest.
References

1. Bove, F.J.; Fulcomer, M,C.; Klotz, J.B.; Esmart, J.; Dufficy, E.M.; Savrin, J.E. Public drinking
water contamination and birth outcomes. Am. J. Epidemiol. 1995, 141, 850—862.



Int. J. Environ. Res. Public Health 2012, 9 4483

10.

11.

12.

13.

14.

15.

16.

Nieuwenhuijsen, M.; Toledano, M.; Eaton, N.; Fawell, J.; Elliott, P. Chlorination disinfection
byproducts in water and their association with adverse reproductive outcomes: A review. Occup.
Environ. Med. 2000, 57, 73-85.

Grellier, J.; Bennett, J.; Patelarou, E.; Smith, R.B.; Toledano, M.B.; Rushton, L.; Briggs, D.J.;
Nieuwenhuijsen, M.J. Exposure to disinfection by-products, foetal growth, and prematurity:
A systematic review and meta-analysis. Epidemiology 2010, 21, 300-313.

Filho, M.B.; Albano, R.M.; Rossini, A.; Pinto, L.F.R. Pharmacogenomics of xenobiotic
metabolizing enzymes in south American populations. Curr. Pharmacogenomics 2006, 4, 9—-18.
Richardson, S.D.; Plewa, M.J; Wagner, E.D.; Schoeny, R.; Demarini, D.M. Occurrence,
genotoxicity, and carcinogenicity of regulated and emerging disinfection by-products in drinking
water: A review and roadmap for research. Mutat. Res. 2007, 636, 178-242.

Stillerman, K.P.; Mattison, D.R.; Giudice, L.C.; Woodruff, T.J. Environmental exposures and
adverse pregnancy outcomes: A review of the science. Reprod. Sci. 2008, 15, 631-650.
Raijmakers, M.T.M.; Steegers, E.A.P.; Peters, W.H.M. Glutathione S—transferases and thiol
concentrations in embryonic and early foetal tissues. Hum. Reprod. 2001, 16, 2445-2450.
Infante-Rivard, C. Drinking water contaminants, gene polymorphisms, and foetal growth.
Environ. Health Perspect. 2004, 112, 1213—1216.

Infante-Rivard, C.; Amre, D.; Sinnett, D. GSTT1 and CYP2EI polymorphisms and trihalomethanes
in drinking water: Effect on childhood leukemia. Environ. Health Perspect. 2002, 110, 591-593.
Thier, R.; Briining, T.; Roos, P.H.; Rihs, H.P.; Golka, K.; Ko, Y.; Bolt, H.M. Markers of genetic
susceptibility in human environmental hygiene and toxicology: The role of selected CYP, NAT
and GST genes. Int. J. Hyg. Environ. Health 2003, 206, 149-171.

Nieuwenhuijsen, M.J.; Smith, R.; Golfinopoulos, S.; Best, N.; Bennett, J.; Aggazzotti, G.; Righi, E.;
Fantuzzi, G.; Bucchini, L.; Cordier, S. Health impacts of long-term exposure to disinfection
by-products in drinking water in Europe: HIWATE. J. Water Health 2009, 7, 185-207.
Grazuleviciene, R.; Danileviciute, A.; Nadisauskiene, R.; Vencloviene, J. Maternal smoking,
GSTMI1, and GSTT1 polymorphism and susceptibility to adverse pregnancy outcomes. /nt. J.
Environ. Res. Public Health 2009, 6, 1282-1297.

Grazuleviciene, R.; Nieuwenhuijsen, M.J.; Vencloviene, J.; Kostopoulou-Karadanelli, M.;
Krasner, S.W.; Danileviciute, A.; Balcius, B.; Kapustinskiene, V. Individual exposures to drinking
water trihalomethanes, low birth weight and small for gestational age risk: A prospective Kaunas
cohort study. Environ. Health 2011, 10, 1-32.

Arand, M.; Miihlbauer, R.; Hengstler, J.; Jager, E.; Fuchs, J.; Winkler, L.; Oesch, F. A multiplex
polymerase chain reaction protocol for the simultaneous analysis of the glutathione S-transferase
GSTMI1 and GSTT1 polymorphisms. Anal. Biochem. 1996, 236, 184—186.

Nikolaou, A.; Golfinopoulos, S.; Rizzo, L.; Lofrano, G.; Lekkas, T.; Belgiorno, V. Optimisation
of analytical methods for the determination of DBPs: Application to drinking waters from Greece
and Italy. Desalination 2005, 176, 25-36.

Lynberg, M.; Nuckols, J.R.; Langlois, P.; Ashley, D.; Singer, P.; Mendola, P.; Wilkes, C.;
Krapfl, H.; Miles, E.; Speight, V. Assessing exposure to disinfection by-products in women of
reproductive age living in Corpus Christi, Texas, and Cobb County, Georgia: Descriptive results
and methods. Environ. Health Perspect. 2001, 109, 597-604.



Int. J. Environ. Res. Public Health 2012, 9 4484

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Savitz, D.A.; Singer, P.C.; Herring, A.H.; Hartmann, K.E.; Howard, S.; Weinberg, H.S.;
Makarushka, C. Exposure to drinking water disinfection by-products and pregnancy loss. Am. J.
Epidemiol. 2006, 164, 1043—-1051.

Backer, L.C.; Ashley, D.L.; Bonin, M.A.; Cardinali, F.L.; Kieszak, S.M.; Wooten, J.V. Household
exposures to drinking water disinfection by-products: Whole blood trihalomethane levels. J. Expo.
Anal. Environ. Epidemiol. 2000, 10, 321-326.

Whitaker, H.J.; Nieuwenhuijsen, M.J.; Best, N.G. The relationship between water concentrations
and individual uptake of chloroform: A simulation study. Environ. Health Perspect. 2003, 111,
688—694.

Hoffman, C.S.; Mendola, P.; Savitz, D.A.; Herring, A.H.; Loomis, D.; Hartmann, K.E.;
Singer, P.C.; Weinberg, H.S.; Olshan, A.F. Drinking water disinfection by-product exposure and
foetal growth. Epidemiology 2008, 19, 729-737.

Lewis, C.; Suffet, [.H.; Ritz, B. Estimated effects of disinfection by-products on birth weight in a
population served by a single water utility. Am. J. Epidemiol. 2006, 163, 38—47.

Wright, J.M.; Schwartz, J.; Dockery, D.W. Effect of trihalomethane exposure on foetal
development. Occup. Environ. Med. 2003, 60, 173—180.

Jaakkola, J.J.K.; Magnus, P.; Skrondal, A.; Hwang, B.F.; Becher, G.; Dybing, E. Foetal growth
and duration of gestation relative to water chlorination. Occup. Environ. Med. 2001, 58, 437—442.
Yang, C.Y.; Xiao, Z.P.; Ho, S.C.; Wu, T.N.; Tsai, S.S. Association between trihalomethane
concentrations in drinking water and adverse pregnancy outcome in Taiwan. Environ. Res. 2007,
104, 390-395.

Kallen, B.A.; Robert, E. Drinking water chlorination and delivery outcome—A registry-based
study in Sweden. Reprod. Toxicol. 2000, 14, 303-309.

Kramer, M.D.; Lynch, C.F.; Isacson, P.; Hanson, J.W. The association of waterborne chloroform
with intrauterine growth retardation. Epidemiology 1992, 3, 407-413.

Nieuwenhuijsen, M.J.; Grellier, J.; Smith, R.; Iszatt, N.; Bennett, J.; Best, N.; Toledano, M.
The epidemiology and possible mechanisms of disinfection by-products in drinking water. Phil.
Trans. R Soc. A 2009, 367, 4043—4076.

Wang, X.; Zuckerman, B.; Pearson, C.; Kaufman, G.; Chen, C.; Wang, G.; Niu, T.; Wise, P.H.;
Bauchner, H.; Xu, X. Maternal cigarette smoking, metabolic gene polymorphism, and infant birth
weight. JAMA 2002, 287, 195-202.

Perera, F.P.; Rauh, V.; Whyatt, RM.; Tsai, W.Y.; Bernert, J.T.; Tu, Y.H.; Andrews, H.;
Ramirez, J.; Qu, L.; Tang, D. Molecular evidence of an interaction between prenatal
environmental exposures and birth outcomes in a multiethnic population. Environ. Health
Perspect. 2004, 112, 626—630.

Chen, D.; Hu, Y.; Yang, F. Cytochrome P450 gene polymorphisms and risk of low birth weight.
Genet. Epidemiol. 2005, 28, 368-375.

Hayes, J.D.; Strange, R.C. Glutathione S-transferase polymorphisms and their biological
consequences. Pharmacology 2000, 61, 154—166.

Infante-Rivard, C.; Weinberg, C.R.; Guiguet, M. Xenobiotic-metabolizing genes and small-for-
gestational-age births: Interaction with maternal smoking. Epidemiology 2006, 17, 38—46.



Int. J. Environ. Res. Public Health 2012, 9 4485

33.

34.

35.

36.

37.

38.

Nukui, T.; Day, R.D.; Sims, C.S.; Ness, R.B.; Romkes, M. Maternal/newborn GSTT1 null genotype
contributes to risk of preterm, low birthweight infants. Pharmacogenetics 2004, 14, 569-576.

Peter, H.; Deutschmann, S.; Reichel, D.; Hallier, E. Metabolism of methyl chloride by human
erythrocytes. Arch. Toxicol. 1989, 63, 351-355.

Sasaki, S.; Sata, F.; Katoh, S.; Saijo, Y.; Nakajima, S.; Washino, N.; Konishi, K.; Ban, S.;
Ishizuka, M.; Kishi, R. Adverse birth outcomes associated with maternal smoking and
polymorphisms in the N-nitrosamine-metabolizing enzyme genes NQO1 and CYP2EIL. Am. J.
Epidemiol. 2008, 167, 719-726.

Tsai, H.J.; Liu, X.; Mestan, K.; Yu, Y.; Zhang, S.; Fang, Y.; Pearson, C.; Ortiz, K.; Zuckerman,
B.; Bauchner, H. Maternal cigarette smoking, metabolic gene polymorphisms, and preterm
delivery: New insights on GxE interactions and pathogenic pathways. Hum. Genet. 2008, 123,
359-369.

Sable, M.R.; Wilkinson, D.S. Impact of perceived stress, major life events and pregnancy attitudes
on low birth weight. Fam. Plann. Perspect. 2000, 32, 288-294.

Jeong, C.H.; Wagner, E.D.; Siebert, V.R.; Anduri, S.; Richardson, S.D.; Daiber, E.J.; McKague,
A.B.; Kogevinas, M.; Villanueva, C.M.; Goslan, E.H. Occurrence and toxicity of disinfection
byproducts in European drinking waters in relation with the HIWATE epidemiology study.
Environ. Sci. Technol. 2012, doi:10.1021/es3024226.

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



