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WHAT’S KNOWN ON THIS SUBJECT: Few epidemiological studieb
which included varied exposure assessment, have investigated

the relation between drinking-water—disinfection byproducts

such as trihalomethanes and hypospadias, and their results have
been inconclusive.

WHAT THIS STUDY ADDS: Little evidence was found for an
association between trihalomethanes and hypospadias, but a
novel association between water consumption and hypospadias
was found. Factors that influence maternal water consumption,
or other contaminants in tap or bottled water, might explain this

finding. j

-

@

OBJECTIVES: Hypospadiasis a congenital anomaly that affects upto 70
in 10 000 males. Ingestion of drinking-water—disinfection byproducts
such as trihalomethanes (THMs) has been associated with hypospa-
dias in a small sample. We examined risk of hypospadias and exposure
to THMs through water consumption and use.

METHODS: Between September 2000 and March 2003, we interviewed
mothers of 471 boys with hypospadias and 490 controls in southeast
England about maternal water consumption, dishwashing, showering,
bathing and swimming. We obtained residential THM concentrations
from the water companies and linked them by using Geographical
Information Systems, which provided data on 468 case-subjects and
485 controls.

RESULTS: THM exposures, except for ingestion of =6 wg/day of bro-
modichloromethane (odds ratio [OR]: 1.65 [95% confidence interval
(Ch: 1.02—2.691), were not associated with risk of hypospadias. Ele-
vated risk of hypospadias was associated with estimates of consump-
tion of cold tap water at home (OR: 1.71[95% Cl: 1.07—2.76]), total water
(OR: 1.70 [95% Cl: 1.09—-2.671), bottled water (OR: 1.64 [95% Cl: 1.09—
2.48]), and total fluid (OR: 1.55 [95% Cl: 1.01-2.39]) for the highest
versus the lowest categories; the first 2 showed dose-response trends.

CONCLUSIONS: Evidence for an association between maternal water
consumption and risk of hypospadias did not seem to be explained by
THM exposure. Factors that influence maternal water consumption or
other contaminants intap or bottled water might explain this finding. It
is important that women maintain an adequate fluid intake during
pregnancy. Pediatrics 2011;127:e389—e397
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Hypospadias is a common urogenital
congenital anomaly that affects infant
boys.! Prevalence estimates are 4to 24
in 10000 male births across Europe?
and 70 in 10000 male births in the
United States.® Identified risk factors
include low birth weight and family his-
tory of hypospadias.> Chemical expo-
sures have been postulated as a possi-
ble cause, specifically antiandrogens®
and phthalates.” Folate supplementa-
tion during early pregnancy may have
a protective effect.”

Disinfection byproducts (DBPs) such
as trihalomethanes (THMs) result
from a reaction between chlorine and
natural organic matter in the water
supply.8 THMs can be taken up through
ingestion, inhalation, and skin absorp-
tion during drinking, showering, bath-
ing, and swimming.® THMs may affect
fetal development through a number
of mechanisms,'% including an antian-
drogenic mechanism." Maternal bro-
modichloromethane exposure has
been associated with reductions in
progesterone levels.'2's Progesterone
receptors play a direct role in normal
genital tubercle development8™* and
could potentially be influenced by bro-
modichloromethane exposure. Placen-
talinsufficiency' and reduced levels of
human chorionic gonadotropin'® have
also been implicated in the etiology
of hypospadias, and bromodichlo-
romethane has been shown to inhibit
human placental trophoblast differen-
tiation, which reduces the secretion of
immunoreactive and bioactive chori-
onic gonadotropin.'7.'8

Results of studies of hypospadias and
DBP exposure have been inconsistent.
Two studies found no association; how-
ever, the exposure measures were
crude, the studies were based on rou-
tine registry data without detailed
individual-level information, and the
sample sizes were small.’*20 The third
study found no association overall of
hypospadias with exposure to total
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THM (TTHM), although in a small sub-
set there was an association with in-
termediate levels of TTHM ingestion.?!

We examined data from a large case-
control study of hypospadias’? to in-
vestigate risk of hypospadias in rela-
tion to water consumption and use
and estimated THM exposure through
ingestion, dishwashing, showering,
bathing, and swimming. To our knowl-
edge, this study of THMs and hypospa-
diasisthe largest to date, and we used
information on individual behavior
from questionnaires ratherthan regis-
try data.

METHODS

The study methods have been reported
elsewhere.” Briefly, the study region
comprised the health regions of North
Thames, South Thames, and the An-
glian part of Anglia and Oxford in
southeast England. Of 41 surgeons
who performed operations for hypos-
padias in the study area, 40 partici-
pated in identifying case-subjects born
between January 1, 1997, and Septem-
ber 31, 1998. In the United Kingdom,
guidelines recommend operation be-
tween 6 and 18 months of age?; we
maximized ascertainment by ensuring
that the youngest of the eligible case-
subjects would have reached a mini-
mum of 3 years 8 months of age by the
end of case ascertainment in May
2002. Cases were eligible if there was
an abnormally positioned urethral or-
ifice operated on by the surgeon and
no major accompanying anomaly that
would suggest it was part of a syn-
drome. Over the study period there
were 191 438 male births; 731 cases of
hypospadias were ascertained in the
surgeon’s register compared with 221
in the national congenital anomalies
register.220f 731 invited case-mothers,
610 replied, 471 of whom (77%, or 64%
of invited mothers) participated. We
randomly selected potential controls
from all male births in the study area

and period from registers at the Office
for National Statistics. Of 1487 invited
control mothers, 758 replied, 490 of
whom (65%, or 33% of total eligible
controls) agreed to participate. We did
not provide an incentive for participa-
tion. Between September 2000 and
March 2003, we interviewed partici-
pants by using computer-assisted tele-
phone interviews on a range of topics
including parental demographics,
family history of disease, pregnancy
history, diet, smoking, alcohol use, oc-
cupation, and water consumption and
use during the first trimester (Supple-
mental Fig 1). For this study, informa-
tion on individual water consumption
and use was available for mothers of
468 case-subjects and 485 controls,
and we estimated exposure measures
for water and fluid consumption, THM
concentrations, THM ingestion, water-
use activities, and uptake of THMs.

The participation of human subjects
did not occur until after ethics ap-
proval and informed consent was
obtained.

Water- and Fluid-Consumption
Estimates

We created estimates for maternal in-
gestion of cold tap water at home, cold
tap water away from home, total cold
tap water (home plus away from
home), hot beverages made from tap
water, and total tap water. We created
2 other variables by combining the
amount of bottled water consumed
with the total tap-water estimate (re-
ferred to as total water consumption)
and then adding milk and carbonated-
drink intake (total fluid consumption,
excluding liquids consumed through
foods). Levels of THMs in bottled water
were assumed to be negligible.2*

THM-Concentration Estimates

Six water companies provided THM
data for 140 water zones. We estimated
annual average TTHM, total bromi-


pediatrics.aappublications.org/cgi/content/full/peds.2009-3356/DC1
pediatrics.aappublications.org/cgi/content/full/peds.2009-3356/DC1

nated THM, bromodichloromethane,
dibromochloromethane, bromoform,
and chloroform concentrations on the
basis of quarterly modeled data from
Whitaker et al? No THM data were
available for 1997; because analysis of
quarterly THM data from 1998-2001
showed that THM variation within the
water supply can be attributed more to
spatial than temporal variation (Sup-
plemental Table 6), we used the 1998
THM data as an exposure measure for
mothers of infants born in both 1997
and 1998.

We georeferenced and mapped to the
participants’ water zone by using ARC-
Map Geographical Information Sys-
tems 9.0.26 Four hundred twenty-six
case-subjects and 444 controls had
postal codes that could be georefer-
enced to 1998 postal code files. Once
georeferencing was done, we linked
354 (76%) case-subjects and 336 (69%)
controls to their residential water
zone and to THM-concentration esti-
mates. Of the 271 participants not
linked to THM data, 45 case-subjects
and 44 controls were not georefer-
enced because of invalid postal codes,
15 case-subjects and 13 controls were
linked to water zones for which we had
no THM data, and another 54 case-
subjects and 92 controls fell within
water-company boundaries for which
we had neither water-zone nor THM data.

THM-Ingestion Estimates

We multiplied the reported amount of
cold tap water drunk at home during
the first trimester by the THM-
concentration estimates to estimate
THM ingestion for mothers of 354 case-
subjects and 336 controls.

Water-Use Activities and
THM-Uptake Estimates

We estimated average weekly duration
of water use through dishwashing,
showering, bathing, and swimming.
We then estimated THM exposure for
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each activity by multiplying the THM-
concentration estimates by the weekly
duration of each activity. THM concen-
trations in swimming pools were
based on median values from a previ-
ous study.?” Finally, we multiplied the
THM-ingestion estimates and the THM-
exposure estimates for water-use ac-
tivities by the corresponding uptake
factor (Supplemental Table 7). These
estimates were combined according
to the method developed by Whitaker
et al?® to obtain estimates for individ-
ual and total THM uptake.

Exposure Gategories

For the exposure metrics cold tap wa-
ter at home, total cold tap water, dish-
washing, showering, and bathing, we
created 1 category for zero exposure
and divided the remaining exposure
distribution into tertiles. For THM con-
centrations, total tap water, total wa-
ter, total fluid, and THM uptake, be-
cause there were small numbers with
zero exposure, we divided the expo-
sure distribution into quartiles.

Statistical Analyses

We assessed correlations between
variables by using Goodman-Kruskal’s
v and Cramer’s V. We used univariate
and multiple logistic regression to es-
timate risk of hypospadias and calcu-
lated crude and adjusted odds ratios
(ORs) and confidence intervals (Cls) in
R 2.2.02 We included family income
and birth weight as potential con-
founders and then added in stepwise
fashion folate-supplement use during
pregnancy, maternal smoking during
weeks 6 through 18 of pregnancy, and
maternal occupational exposure to
phthalates as judged from a job-
exposure matrix’ and assessed
whether they improved the fit of the
adjusted model when using Akaike in-
formation criterion.®® The categorical
cut points for these variables are
shown in Table 1. We included swim-
ming as a confounder in the model for
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the consumption and THM-ingestion
estimates, because it is an important
route of THM uptake and may affect
fluid consumption. We excluded posi-
tive family history of hypospadias and
previous stillbirth from the multiple lo-
gistic regression models, because
such history only applied to 1 and 2
controls, respectively. We conducted
sensitivity analyses by excluding, sep-
arately, mothers with gestational dia-
betes and women who drank high lev-
els of bottled water or high levels of
cold tap water at home. We checked
for interactions between exposures
and the potential confounders in our
model. We present uncorrected P val-
ues without adjustments for multiple
testing.

RESULTS

Maternal Characteristics

Mothers of boys with hypospadias
drank significantly more cold water at
home, total tap water, total water, and
total fluid than mothers of controls
(Table 1). Lower income, low birth
weight, and maternal smoking were
associated with an increased risk of
hypospadias’ (Table 1). Gorrelations
between the potential confounders
and water intake, THM concentrations,
and water-use variables were all y <
0.33 (Supplemental Table 8). There
were no substantial differences in the
social-class profiles of the women with
THM-exposure data and those without.

THM Concentration

There were no associations between
THM concentrations in the maternal
residential water zone and risk of hy-
pospadias (Table 2).

Water and Fluid Consumption

With adjustment for the highest versus
lowest categories, we found signifi-
cant excess risk of hypospadias for
cold tap water at home (OR: 1.71 [95%
Cl: 1.07-2.761), bottled water (OR: 1.64
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TABLE 1 Mean Water and Fluid Consumption and Descriptive Data for the Study Population

Cases (N = 468)

Controls (N = 485) OR (95% CI)

Mean (%=SD) water and fluid
consumption, L

Cold tap water at home 0.78 (*0.80) 0.67 (+0.69) —
Total cold tap water 1.07 (=1.10) 0.94 (=1.02) —
Total tap water 1.78 (=1.24) 159 (=1.11) —
Bottled water 0.45 (*0.90) 0.35 (+0.63) —
Total water 2.22 (=1.50) 1.95 (£1.23) —
Total fluid 2.84 (+1.70) 249 (+1.36) —
Descriptive data for the study
population, n (%)
Maternal age
1524y 61(13.1) 46 (9.5) 1.64 (1.06-2.54)
25-29y 127 (27.3) 105 (21.6) 1.49 (1.07-2.08)
30-34y 163 (35.1) 201 (41.4) 1.00
35-39y 95 (20.4) 109 (22.5) 1.07 (0.76—-1.52)
40-50y 19 (4.1) 24 (4.9) 0.98 (0.51-1.84)
Income
Less than £10 000 55 (12.3) 27 (5.7) 2.89 (1.62-5.25)
£10 000—£20 000 130 (29.0) 108 (22.8) 1.71 (1.10-2.67)
More than £20 000—-£30 000 125 (27.9) 131 (27.6) 1.35(0.88-2.10)
More than £30 000—-£50 000 88 (19.6) 137 (28.9) 0.91(0.58—1.43)
More than £50 000 50 (11.2) 71 (15.0) 1.00
Birth weight
Low (<2.5 kg) 57 (13.8) 38 (8.6) 1.71 (1.11-2.66)
Normal (=2.5 kg) 356 (86.2) 406 (91.4) 1.00
Maternal smoking (6—18 wk)
0/d 353 (80.8) 396 (82.8) 1.00
=5/d 39 (8.9) 57 (11.9) 1.16 (0.78-1.71)
>5/d 45 (10.3) 25(5.2) 2.01(1.22-3.39)
Folate during first 3 mo of
pregnancy
No 102 (21.8) 76 (15.7) 1.00
Yes 346 (74.1) 402 (82.9) 0.64 (0.46-0.89)
Maternal occupational exposure 19 (4.1) 7(1.4) 2.02 (0.84-5.4)
to phthalates
No 327 (70.5) 343 (71.9) 1.00
Yes 14 (3.0) 4(0.8) 3.67 (1.30-13.50)
Unemployed 123 (26.5) 130 (27.3) 0.99 (0.74—1.33)

[95% Cl: 1.09-2.48]), total water (OR:
1.70 [95% Cl: 1.09-2.67]), and total
fluid (OR: 1.5 [95% Cl: 1.01-2.39]).
Dose-response relations were found
for maternal consumption of cold tap
water at home (P, ..nq = .01) and total
water (Peng = -02) but not for bottled
water or total fluid. There was little ev-
idence of excess risks for total cold tap
water, total tap-water consumption
(Table 3), cold tap-water consumption
away from home, and consumption of
hot tap water (eg, coffee and teas)
(Supplemental Table 9).

THM Ingestion

After adjustment, ingestion of =6 g/
day of bromodichloromethane was as-
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sociated with a higher risk of hypospa-
dias (OR: 1.65 [95% Cl: 1.02—2.69]),
although there were no dose-response
relations between THM-ingestion esti-
mates and risk of hypospadias (Table 4).

Water-Use Activities and THM
Uptake

There were no trends for elevated risk
of hypospadias associated with dura-
tion of dishwashing, showering, bath-
ing, or bathing and showering com-
bined; with adjustment, there was a
borderline significant (P = .05) re-
duced risk of hypospadias among chil-
dren of mothers who reported swim-
ming during pregnancy (0R: 0.74 [95%
Cl: 0.54—1.00]) (Table 5 and Supple-

mental Table 9). Estimates of specific
and total THM-uptake estimates also did
not show elevated risk of hypospadias
(OR: 0.73 [95% CI: 0.55—1.19] for the
highest category of TTHM uptake) (Sup-
plemental Table 9).

There were no significant interactions
between exposures and potential
confounders.

Sensitivity Analyses

There was little correlation (y =
—0.130) between drinking bottled wa-
ter and cold tap water at home. Exclud-
ing women in the highest category of
bottled-water consumption from the
cold-tap-water-at-home analysis, and
vice versa, or including both variables
in the same model did not materially
affect the results. There was little as-
sociation between gestational diabe-
tes and hypospadias risk, and exclud-
ing mothers with gestational diabetes
did not materially affect the results
(Supplemental Tables 10 and 11).

DISCUSSION

We investigated risk of hypospadias
and exposure to THMs and incorpo-
rated individual-level data on water
consumption, dishwashing, shower-
ing, bathing, swimming, and fluid in-
take. We found a dose-response rela-
tion between risk of hypospadias and
cold tap-water consumption at home
and total water consumption.

To our knowledge, no previous studies
have shown an association between
water consumption and risk of hypos-
padias. Lower income has previously
been associated with increased cold
tap-water intake during pregnancy?!
andincreased risk of congenital anom-
alies,®2 but the association has been in-
consistent for hypospadias.’”3 Al
though there was no evidence of
selection bias in our study resulting
from differential participation of case-
subjects and controls according to so-
cioeconomic status,* we found a
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TABLE 2 Case/Control Prevalence According to THM Goncentration and Unadjusted and Adjusted
ORs of Hypospadias Risk

Cases (N=354), Controls (N = 336), OR (95% CI) Adjusted OR
n (%) n (%) (95% CI)2

TTHM

0-11 pg/L 81(22.9) 79 (23.5) 1.00 1.00

12-23 ug/L 100 (28.2) 75 (22.3) 1.30 (0.85-2.00)  1.20 (0.74-1.95)

24-36 ng/L 80 (22.6) 93 (27.7) 0.84 (0.54-1.29)  0.78 (0.47-1.27)

37-105 g/l 93 (26.3) 89 (26.5) 1.02 (0.67-1.56)  0.93 (0.57—-1.50)
Chloroform

0.0-0.9 g/l 50 (14.1) 53 (15.8) 1.00 1.00

1.0-2.9 ug/L 103 (29.1) 78 (23.2) 1.40 (0.86—-2.28) 1.17 (0.67-2.03)

3.0-6.9 ng/L 104 (29.4) 99 (29.5) 1.11(0.69-1.79)  0.99 (0.57-1.69)

7-90 pg/L 97 (27.4) 106 (31.5) 0.97 (0.60-1.56)  0.84 (0.49-1.46)
Total brominated THM

0-10 ug/L 86 (24.3) 83 (24.7) 1.00 1.00

11-18 ug/L 92 (26.0) 80 (23.8) 1.11(0.73-1.70)  1.02 (0.63—-1.65)

19-24 pg/L 82(23.2) 88 (26.2) 0.90 (0.59-1.38)  0.82 (0.51-1.34)

25-70 g/l 94 (26.6) 85 (25.3) 1.07 (0.70-1.63)  1.06 (0.66—1.71)
Bromodichloromethane

0.0-1.0 pg/L 87 (24.6) 90 (26.8) 1.00 1.00

1.1-5.0 ug/L 88 (24.9) 65 (19.3) 1.40(091-2.17)  1.15(0.71-1.88)

6-9 ug/L 85 (24.0) 94 (28.0) 0.94 (0.62-1.42)  0.83 (0.51-1.35)

10-23 ug/L 94 (26.6) 87 (25.9) 1.12(0.74-1.69)  1.05 (0.65-1.68)
Dibromochloromethane

0-3 g/l 87 (24.6) 85(25.3) 1.00 1.00

47 pg/L 81(22.9) 73 (21.7) 1.08 (0.70-1.68)  1.00 (0.61-1.64)

8—10 g/l 97 (27.4) 89 (26.5) 1.06 (0.70-1.61)  0.91 (0.56—1.47)

11-34 ug/L 89 (25.1) 89 (26.5) 0.98 (0.64—1.49)  0.92 (0.57—1.49)
Bromoform

0.0-2.4 pg/L 92 (26.0) 82 (24.4) 1.00 1.00

2.5-3.9 ng/L 70 (19.8) 70 (20.8) 0.89 (0.57-1.39)  0.94 (0.56—1.58)

4.0-6.9 pg/L 83 (23.4) 84 (25.0) 0.88 (0.58-1.35)  0.88 (0.54—1.45)

7-27 pg/L 109 (30.8) 100 (29.8) 0.97 (0.65-1.45)  1.06 (0.66—1.69)

a Adjusted for family income, low birth weight, folate-supplement use during pregnancy, maternal smoking during weeks 6
through 18 of pregnancy, and maternal occupational exposure to phthalates. Adjusted estimates were based on data for 289

cases and 292 controls.

lower risk of hypospadias among chil-
dren of mothers who swam during
pregnancy, which potentially reflects
social-class differences between case
and control mothers. Although we ad-
justed for family income as a proxy for
social class, it remains possible that
the association of hypospadias with
water consumption might reflect re-
sidual confounding by social class or
related variables, and it is important
that women maintain an adequate
fluid intake during pregnancy.

We estimated maternal water con-
sumption from average water use at
the time of interview and when preg-
nant. Interviews were between 2'2 and
6 years after pregnancy, so partici-
pants could have overestimated or
underestimated their consumption,
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which could have led to exposure mis-
classification. Recall bias was possi-
ble; however, we consider it unlikely
that there was differential misclassifi-
cation between cases and controls, be-
cause water consumption was not the
main focus of the study and there was
no reason for mothers of case-
subjects to systematically overesti-
mate water consumption compared
with control mothers. We found little
association between hypospadias and
cold tap water consumed away from
home, possibly because water con-
sumption outside the home is difficult
to estimate.®® In our study, only 23% of
reported cold tap-water consumption
was drunk away from home. We found
little association between hypospadias
and hot tap-water consumption; boil-
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ing water reduces THM concentrations
by up to 98%.36

Although there was a dose response
for water consumption and risk of hy-
pospadias, there was none for THM in-
gestion. Previous studies mostly found
no association of THMs with hypospa-
dias.’®2" Luben et al?' found an associ-
ation of hypospadias with estimated
ingestion of TTHM at an intermediate
level (>0-32.5 wg/day) but not for
high levels (>32.5 ug/day). THMs are
volatile, and dermal and inhalation ex-
posures are important routes of up-
take.?3” We did not find an association
of hypospadias with dermal and inha-
lation THM estimates or with total THM-
uptake estimates, which supports pre-
vious findings.2' This result suggests
that our finding of increased risk of
hypospadias associated with the high-
est level of bromodichloromethane in-
gestion may reflect the association
with quantity of cold tap water con-
sumed rather than THM exposure.

We used various exposure metrics,
some of which were based on individ-
ual behavioral information, some on
area-level THM concentrations, and
some on combination of both. These
exposure estimates are subject to ran-
dom error from both classical error
(ie, error in sampling measurements
of THMs and quantity of water con-
sumed by individual participants) and
Berkson error (ie, assigning modeled
area-level THM concentration to indi-
vidual participants); therefore, expo-
sure misclassification may not simply
attenuate risk.3® Exposure misclassifi-
cation will also increase the uncer-
tainty in our estimates, which is re-
flected by wide Cls. THM-concentration
information was based on the water
zone in which the woman lived at the
time of conception. Exposure misclas-
sification from residential mobility
during pregnancy is possible3’® al-
though lessened if mothers remained
within the same water zone. THM esti-
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TABLE 5 Unadjusted and Adjusted ORs for Hypospadias Risk and Reported Tap-Water and Fluid

Consumption

Cases Controls OR (95% CI) Adjusted OR Pirend
(N = 468), (N = 485), (95% Ch)2
n (%) n (%)

Cold tap water at home

00L 7(14.3) 4(17.3) 1.00 1.00 —

0.001-04 L 126 (26.9) 157 (32.4) 1.01 (0.68—1.50) 1.22 (0.76—-1.94) —

0.5-09L 121 (25.9) 117 (24.1) 1.30 (0.86—1.96) 1.65 (1.02—-2.68) —

>10L 154 (32.9) 127 (26.2) 1.52 (1.02-2.27) 1.71 (1.07-2.76) 0.01
Total cold tap water, home,

and away from home

00L 0(12.8) 1(14.7) 1.00 1.00 —

0.001-06 L 154 (28.6) 152 (31.5) 1.04 (0.69—1.58) 1.25 (0.77-2.03) —

0.7-12L 135 (28.8) 134 (27.8) 1.19(0.78—1.81) 1.50 (0.93-2.45) —

1.3-13.0L 139 (29.7) 125 (25.9) 1.32 (0.87-2.01) 1.26 (0.77-2.07) 0.36
Total tap water

0.0-09L 5(20.4) 127 (26.4) 1.00 1.00 —

10-141L 117 (25.1) 124 (25.8) 1.26 (0.87—-1.82) 1.33 (0.87-2.02) —

15-211L 120 (25.8) 124 (25.8) 1.29 (0.90-1.87) 1.18 (0.78—1.80) —

22-1421L 134 (28.8) 106 (22.0) 1.69 (1.17-2.45) 1.43 (0.93-2.20) 0.17
Bottled water

00L 214 (46.8) 225 (47.2) 1.00 1.00 —

0.001-0.289 L 3(16.0) 2 (19.3) 0.83 (0.58-1.19) 0.92 (0.59-1.40) —

0.29-0.79 L 0(15.3) 4 (17.6) 0.88 (0.61—1.27) 0.94 (0.62—1.44) —

0.8-10.5L 100 (21.9) 6(15.9) 1.38 (0.97-1.97) 1.64 (1.09-2.48) 0.05
Total water

0.0-1.1L 9(17.3) 115 (24.3) 1.00 1.00 —

12-171L 106 (23.2) 123 (25.9) 1.25 (0.85—1.85) 1.32 (0.85—-2.05) —

18-241L 133 (29.2) 128 (27.0) 1.51(1.04-2.21) 1.44 (0.94-2.22) —

25-16.2 L 138 (30.3) 108 (22.8) 1.86 (1.27-2.73) 1.70 (1.09-2.67) 0.02
Total fluid

0.0-1.173 L 3(20.6) 137 (29.1) 1.00 1.00 —

1.174-2.392 L 114 (25.2) 117 (24.8) 1.44 (0.99-2.08) 1.45 (0.96-2.21) —

2.393-3.210 L 113 (25.0) 118 (25.1) 1.41(0.98-2.04) 1.35 (0.89-2.06) —

3.211-16.800 L 132 (29.2) 9(21.0) 1.96 (1.36—2.85) 1.55 (1.01-2.39) 0.07

a Adjusted for family income, low birth weight, folate-supplement use during pregnancy, maternal smoking during weeks 6
through 18 of pregnancy, maternal occupational exposure to phthalates, and swimming. Adjusted estimates were based on

data for 367 cases and 408 controls.

mates were based on annual averages
of quarterly modeled data for 1998 re-
gardless of whether the year of birth
was 1997 or 1998. Although the mod-
eled individual THM estimates were ro-
bust?® and our analysis revealed that
spatial was more important than tem-
poral variation, trimester-specific esti-
mates would have been preferable to
1998 annual averages.

Although there have been limited stud-
ies on THMs and hypospadias, a num-
ber of studies have investigated other
congenital anomalies. Chlorinated wa-
ter and THM concentrations have been
associated with an increased risk of
urinary system defects*%4' and neural
tube defects.#'~*3 Folate intake may re-
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duce risk of congenital malformations
such as neural tube defects* and hy-
pospadias.” An interaction between vi-
tamin use, TTHM, and risk of neural
tube defects has been reported*s; DBPs
may interfere with folate metabo-
lism,® but we found no interaction be-
tween folate supplementation, THMs,
and the risk of hypospadias.

Overall, exposure to THMs does not
seem to explain the significant associ-
ation of hypospadias with water con-
sumption. Water consumption may be
a proxy for exposure to other com-
pounds in the water. DBPs such as
haloacetic acids, which are nonvolatile
and mainly ingested,? have been asso-
ciated with neural tube defects*4” and

urogenital malformations in labora-
tory animals.*84 We did not have data
on other DBPs, which have not consis-
tently correlated with THMs50 Endocrine-
disrupting chemicals have also been
implicated in hypospadias,t75! al-
though the contribution of tap water
to overall exposure to endocrine-
disrupting chemicals is of minor im-
portance compared with other expo-
sure routes.® Endocrine-disrupting
chemicals, possibly phthalates, leached
from plastic bottles may help explain
the increased risk seen with consump-
tion of large quantities of bottled water
and could be confounding the effect
seen for cold tap water at home. We did
not have data to explore whether the
women drank water from plastic or
glass bottles or on phthalate levels in
bottled water. Furthermore, phtha-
lates in bottled water do not represent
a significant exposure pathway,” al-
though water packaged in plastic bot-
tles has produced unexplained estro-
genic effects in animals.® Excluding
women in the highest category of bot-
tled water from the cold tap-water
analysis and vice versa, and including
both variables in the same model, did
not materially affect these results;
also, there was no correlation between
bottled water and cold tap water at
home, which suggests that these are
independent effects.

Our findings may not be a result of par-
ticular agents in the water supply;
rather, increased tap-water or bottled-
water intake may indicate a problematic
pregnancy, such as a metabolic disorder
(ie, “reverse causality”). Polydipsia is a
symptom of several endocrine-related
disordersincluding diabetes mellitus, di-
abetes insipidus, and renal disorders.
We found no evidence for an association
between gestational diabetes and hypo-
spadias. Infants born to women with pre-
existing (but not gestational) diabetes
may be at greater risk of hypospadi-
as.%5% We did not have information on
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TABLE 4 Unadjusted and Adjusted ORs for Hypospadias Risk and Estimated THM Ingestion at Home

Cases Controls OR (95% CI) Adjusted OR Pirend
(N = 354), (N = 336), (95% CI)?2
n (%) n (%)

TTHM

0.0 pg/d 2 (14.7) 2 (18.5) 1.00 1.00 —

>0.0-8.4 ng/d 2 (26.0) 102 (30.4) 1.08 (0.68-1.71) 1.23 (0.73-2.11) —

8.5-21.0 ug/d 5(26.8) 0(26.8) 1.26 (0.79-2.01) 1.31(0.77-2.24) —

22-190 ug/d 115 (32.5) 2 (24.4) 1.67 (1.05-2.67) 1.55 (0.91-2.66) 0.11
Chloroform

0.0 ug/d 3 (26.3) 109 (32.4) 1.00 1.00 —

>0.0-1.4 pg/d 90 (25.4) 5(22.3) 1.41(0.93-2.13) 1.26 (0.79-2.01) —

1.5-4.2 pug/d 81(229) 3(24.7) 1.14 (0.76-1.73) 1.12(0.70-1.79) —

4.3-65.0 wg/d 0(25.4) 69 (20.5) 1.53 (1.01-2.33) 1.36 (0.84-2.22) 0.30
Total brominated THM

0.0 ug/d 2 (14.7) 62 (18.5) 1.00 1.00 —

>0.0-7.1 png/d 1(25.7) 99 (29.5) 1.10 (0.69-1.75) 1.25 (0.73-2.14) —

7.2-174 pg/d 8(27.7) 95 (28.3) 1.23 (0.77-1.96) 1.26 (0.75-2.15) —

17.5-180.0 wg/d 113 (31.9) 80 (23.8) 1.68 (1.06—2.69) 1.59 (0.93-2.73) 0.10
Bromodichloromethane

0.0 ug/d 9(22.3) 101 (30.1) 1.00 1.00 —

>0.0-1.0 pg/d 1(25.7) 8(23.2) 1.49 (0.98-2.28) 1.50 (0.93-2.44) —

2-5 pg/d 4(23.7) 6 (25.6) 1.25 (0.82—1.90) 1.09 (0.67-1.77) —

6-50 ng/d 100 (28.2) 1(21.1) 1.80 (1.18-2.76) 1.65 (1.02-2.69) 0.13
Dibromochloromethane

0.0 ug/d 2 (14.7) 2 (18.5) 1.00 1.00 —

>0.0-2.4 pg/d 3 (26.3) 104 (31.0) 1.07 (0.67—-1.70) 1.21(0.71-2.07) —

2.5-7.1 ng/d 9 (28.0) 8 (26.2) 1.34 (0.84-2.14) 1.33 (0.78—2.28) —

7.2-85.0 ug/d 110 (31.1) 2 (24.4) 1.60 (1.00—-2.56) 1.55 (0.91-2.66) 0.10
Bromoform

0.0 ug/d 2 (14.7) 2 (18.5) 1.00 1.00 —

>0.0-1.8 pg/d 9(25.1) 101 (30.1) 1.05 (0.66—1.68) 1.13 (0.66—-1.93) —

1.9-4.4 pg/d 105 (29.9) 7(25.9) 1.45(0.91-2.32) 1.49 (0.87-2.55) —

4.5-60.0 wg/d 107 (30.2) 6 (25.6) 1.48 (0.93-2.37) 1.49 (0.87-2.59) 0.08

a Adjusted for family income, low birth weight, folate-supplement use during pregnancy, maternal smoking during weeks 6
through 18 of pregnancy, maternal occupational exposure to phthalates, and swimming. Adjusted estimates were based on
data for 289 cases and 292 controls.

TABLE 5 Unadjusted and Adjusted ORs for Hypospadias Risk and Reported Dishwashing, Bathing,
Showering, and Swimming

Cases (N =468),  Controls (N = 485), OR (95% CI) Adjusted OR
n (%) n (%) (95% Cl)2

Dishwashing washing®

0 min 37 (8.0) 4(9.3) 1.00 1.00

1=7 min 204 (44.2) 200 (42.2) 1.22(0.75-1.96)  1.22 (0.69-2.20)

8—17 min 2(19.9) 136 (28.7) 0.80 (0.48-1.34)  0.78 (0.42—1.44)

18—140 min 129 (27.9) 4 (19.8) 1.63 (0.98-2.73)  1.49 (0.80-2.78)
Bathing®

0 min 0(15.3) 4(17.8) 1.00 1.00

1-64 min 106 (23.1) 139 (29.4) 0.92 (0.61-1.37)  0.93 (0.59-1.47)

65—139 min 134 (29.2) 111(23.5) 1.45(0.97-2.18)  1.28 (0.81-2.04)

140-840 min 149 (32.5) 139 (29.4) 1.29 (0.87-1.91)  1.06 (0.67-1.68)
ShoweringP

0 min 195 (42.7) 170 (36.0) 1.00 1.00

1-39 min 4 (20.6) 130 (27.5) 0.63 (0.45-0.88)  0.73 (0.49-1.08)

40-74 min 100 (21.9) 111 (23.5) 0.79 (0.56-1.10)  1.00 (0.67—1.47)

75—420 min 68 (14.9) 1(12.9) 0.97 (0.65-1.45)  0.94 (0.60-1.48)
Swimming

No 294 (63.4) 245 (51.4) 1.00 1.00

Yes 149 (32.1) 209 (43.8) 0.59 (0.45-0.78)  0.74 (0.54—1.00)
Cannot remember 21 (4.5) 23 (4.8) 0.76 (0.41-1.41)  0.71(0.34—1.44)

a Adjusted for low birth weight, folate-supplement use during pregnancy, maternal smoking during weeks 6 through 18 of
pregnancy, maternal occupational exposure to phthalates and family income. Adjusted estimates were based on data for
370 cases and 411 controls.

b Average minutes per week during first trimester of pregnancy.
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preexisting diabetes; however, because
prevalence of diabetes in women in the
United Kingdom was 2.5% in 19985 it is
unlikely to account for our findings.
Maternal BMI is another potentially
important factor associated with hy-
pospadias' that may affect water
consumption; however, we did not
have this information.

We also had no information on pater-
nal factors that have been observed in
the etiology of hypospadias.®% Qur
study may have been limited by our
pragmatic approach to hypospadias
case identification based on surgical
referral and operation, precluding us
from investigating any possible rela-
tion between the most severe cases
and THM exposure.

CONCLUSIONS

We found some evidence for an associa-
tion between maternal water consump-
tion and risk of hypospadias, which did
not seem to be explained by THM expo-
sure. Factors that influence maternal
water consumption or other contami-
nants in tap or bottled water might ex-
plain this finding. Those who perform
studies of water contaminants and re-
productive outcomes need to consider
social class, lifestyle, and anthropomet-
ric factors in pregnancy that may influ-
ence water consumption. It is important
that women maintain an adequate fluid
intake during pregnancy.
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