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Alcohol

Alcohol exposure was assessed by asking mothers if they had consumed beer,
wine, mixed drinks, or shots of liquor during the year before the delivery of the child (B3
to T3). Similar to cigarette smoking, exposure was collected monthly for the three
months prior to pregnancy (B3, B2, and B1) and the first three months of pregnancy (M1,
M2, and M3) and by trimester (T2 and T3) for the remaining six months of pregnancy.
Periconceptional average number of drinking days per month, average number of drinks
per drinking day, and maximum number of drinks on one occasion per drinking month

were assessed.

Caffeine

Caffeine consumption was assessed during the one-year period prior to the index
pregnancy. Mothers were asked if they consumed caffeinated beverages, such as coffee,
tea, and/or soda. Frequency of intake was measured by average number of cups per day
(coffee, tea) or average number or cans, glasses or bottles per day (soda). A continuous
measure of the total caffeine intake per day was estimated from the sum of reported
intake of coffee, tea and caffeinated soda. Using this measure, total caffeine intake was
categorized into four groups: none or very low (<100 mg/day), low (100 - <200 mg/day),

moderate (200 - <300), and high or very high intake (> 300 mg/day).

Nutrition
Maternal diet was assessed using a shortened version of the Willett Food

Frequency Questionnaire'*®. Fifty-eight food items including vegetables, meats, fruits,
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cereals, and other foods were assessed for the year before pregnancy. The U.S.
Department of Agriculture (USDA) version S19 nutrient database was used to calculate
estimates of individual nutrient values from the reported food items'?. Additionally,
mothers reported daily intake of vitamins and mineral dietary supplements from three
months before pregnancy through the end of the pregnancy. A combined folic acid intake
value was calculated from individual intakes from prenatal multivitamins, mineral

supplements, non-prenatal multivitamins, and other folic acid containing supplements.

Medications

Medication exposures were assessed by asking mothers if they had taken any
medications three months prior to conception and any or all of the nine-months during
pregnancy. Specific medications taken for diabetes, hypertension, seizures, respiratory
illness, infections of kidney, bladder and urinary tract, pelvic inflammatory disease, other
fevers or illnesses were queried. Although drug use for thyroid disease was not
ascertained directly in the interview, mothers were able to report thyroid disease under
‘other ailments suffered during pregnancy’ and the use of thyroid medications during the
study period. Open-ended questions were allowed for recording any other medications
not listed in any of the pre-mentioned categories. For each reported medication, estimated
dates of use, and frequency and duration of use were queried. Reported medications were
then linked to their active ingredients using the Slone Epidemiology Center Drug
Dictionary'*’. Medication exposures analyzed were restricted to those in the

periconceptional period.
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Covariables

Covariables examined were selected based on their relationship with both the
exposure (cigarette smoking, alcohol, caffeine, nutrition, and medications) and choanal
atresia. A bivariate analysis was conducted to examine the difference in the effect
estimates with and without the covariable. Covariables were retained if they met the
change-in-estimate criterion of 15%. Different covariables were selected for different
statistical models based on their relationship to the exposure and outcome.

Covariables examined were infant sex (male / female), gestational age in months
(<37 /> 37), birth weight in grams (> 2500 / < 2500), plurality (1 / 2 or more), maternal
age (in years) (< 20/ 20 - 34 / > 35), maternal race / ethnicity (white, non-Hispanic /
black, non-Hispanic / Hispanic / other), parity (1 /2 /> 2), maternal education in years (<
12/12/>12), parity (0, 1 ,> 2), household income in dollars (before pregnancy) (<
$20,000 / $20,000 - $50,000 / > $50,000), maternal body mass index (BMI) calculated as
weight in kilograms per height in square meters (< 18.5/18.5 -<25/25-<30/> 30),
history of type 1 or 2 diabetes before index pregnancy (yes / no), history of hypertension
(yes / no), nausea or vomiting during pregnancy (yes / no), fever during B1-T1 (yes / no),
season of conception (summer / fall / winter / spring), and participating center (AR / CA /

CDC/IA/MA/NJ/NY/NC/TX/UT).

Analvytic Plan for Specific Aims

Aim 1

To determine the prevalence of choanal atresia and choanal stenosis and describe the
characteristics of affected infants and their mothers
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Prevalence of choanal atresia and choanal stenosis in lowa was estimated as
number of cases per 10,000 live births in Iowa during the study period (January 1, 1998
to December 31, 2005) along with 95% confidence intervals (CI)s using the Poisson
distribution.

Prevalence per 10,000 livebirths in lowa = p = Number of cases per year (n) X 10,000
Number of births per year (N)

If Np(1— p) = 5; 95% confidence interval were calculated using the normal

approximation, else if If Np(1— p) <5, confidence intervals were calculated using

an exact method.

1-
95% Cl= p£Zy 975 pr)

Frequency distributions for selected infant and maternal characteristics were
examined for choanal atresia and choanal stenosis and compared using the Pearson chi-

square test or Fisher’s exact test (when cell frequencies were less than 5).

Aim 2

To examine the associations between maternal exposure to cigarette smoke, alcohol, and
medications during the month before through the third month following conception, and
maternal exposure to caffeine and nutrients one-year before pregnancy in case and
control mothers, and choanal atresia in the offspring

Selected infant characteristics (sex, gestational age at delivery, birth weight,
plurality, family history), maternal characteristics (age at delivery, race/ethnicity,
education, BMI, parity, nativity, household income, employment, folic acid use,
prepregnancy diabetes, prepregnancy hypertension, and season of conception) and study

center were compared between case and control families using the Pearson chi-square test

or Fisher’s exact test (when cell frequencies were less than 5). Crude odds ratios (OR)s
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and 95% confidence intervals (CI)s were estimated to investigate the association of
cigarette smoking, alcohol, caffeine, nutrition, and medications with choanal atresia.
Each characteristic was examined for confounding by examining its association with the
outcome and exposure. Effect modification was examined between active
periconceptional cigarette smoking and alcohol using the Breslow-Day significance test.
A backward logistic regression procedure was used in model selection. Covariables were
retained in models if they met the change-in-estimate criterion of 15%. All caffeine
models were examined by including any periconceptional smoking and drinking as
covariables; however the two variables were excluded in the backward variable selection.
A stratified Mantel-Haenszel method was used to calculate pooled dose-response effect
(Cochran-Armitage test of trend) among selected exposures including cigarette smoking,
alcohol, coffee, tea, soda, and total caffeine, adjusting for potential confounders. Exact
methods were applied to trend test when cell frequencies were less than 5.

For nutritional analyses, ORs and 95% Cls were estimated using unconditional
logistic regression. Quartiles were derived from the nutrient intake distribution among
control mothers. ORs were compared between lower quartiles of intake (< 25 percentile)
and middle quartiles (25 - 75 percentile); similarly, higher quartiles of intake (> 75
percentile) were compared to middle quartiles (25 - 75 percentile). All nutritional
analyses were adjusted for total energy intake in kilocalories per day. Multivariable
analyses for nutritional exposures were also performed using backward logistic
regression. Potential confounding was evaluated using change-in-estimate criterion of
15% and covariates were selected based on this criterion. Medication classes for which at

least one case mother reported use were included in the analyses (anti-infective agents,
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anti-infective urinary tract infection (UTI) agents, anti-pyretics, anti-diarrheal, respiratory
tract agents, anti-tussives, and expectorants). Because of low exposure frequencies that
conferred low statistical power for the medication analyses, only crude ORs and 95% Cls
were estimated for both isolated and all cases of choanal atresia combined. Exact ORs
and 95% Cls were reported where cell frequencies were less than 5.

Analyses were conducted separately for all choanal atresia cases combined
(isolated and multiple choanal atresia with or without the CHARGE syndrome) and for
isolated choanal atresia cases only; analyses of multiple choanal atresia cases with or
without the CHARGE syndrome were not examined separately due to small sample sizes.
Multivariable analyses were also conducted using exact logistic regression where cell
frequencies were less than 5. The magnitude and direction of the associations did not
differ between non-parametric and parametric analyses. All statistical analyses were
conducted using SAS, version 9.2 (SAS, Cary, NC).

Usual sample size guidelines recommend enrolling a similar number of cases and
controls (1:1) for statistical precision. However, for rare diseases, the ratio of cases to
controls is commonly increased to 1:4 to achieve statistical precision and sufficient power
to test hypotheses. The NBDPS analytical database (version 7.04) includes 90 choanal
atresia cases and 6703 controls with completed interviews. Of the 90 cases, there were 47
cases of isolated choanal atresia. Even though the ratio of cases to controls is
considerably greater than 1:4, as the data were already available, we included all controls
whose mothers completed the interview in our analysis. Minimum detectable odds ratios
(OR)s for the bivariate associations were determined using PROC POWER in SAS,

based on a statistical power of 80% (beta = 0.20), a two-sided test with type 1 error rate
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of 5% (alpha = 0.05) (SAS, Cary, NC). Minimal detectable odds ratios were calculated
separately for all cases of choanal atresia and isolated cases only for a range of exposure
frequencies estimated from the control group (Table 3.2).

In summary, the available sample size provided sufficient power to detect an OR
ranging from 1.8 to 3.2 for cigarette smoking and alcohol exposures in analyses that used
all 90 cases; and between 2.3 to 4.3 in analyses using only isolated cases. For caffeine
exposures, minimal detectable OR ranged between 2.2 and 2.9 among all cases of
choanal atresia; and between 2.8 and 3.9 among isolated cases. For medication exposures
with at least one reported exposure among cases, the minimal detectable OR range was
very high (between 3.2 and 10.0 for all cases; and 3.4 and 15.9 for isolated cases). For
sub-optimal nutrient intake, minimal detectable ORs were 1.9 and 2.4 for isolated and all

cases of choanal atresia, respectively.

Protection of Human Research Subjects

Human subjects approval for study aim 1 was received from the Institutional
Review Board at The University of lowa. Human subjects approval for study aim 2, the
NBDPS, was received from the institutional review boards at each participating center

and the CDC.
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Centers Years of enrollment Delivery Outcomes
Arkansas 01/01/1998 - ongoing Live births, Stillbirths, Elective terminations
California 10/01/1997 - ongoing Live births, Stillbirths, Elective terminations

Centers for
Disease
Control and
Prevention
Iowa
Massachusetts
New Jersey
New York
North Carolina

Texas

Utah

10/01/1997 - ongoing

10/01/1997 - ongoing
10/01/1997 - ongoing
01/01/1998 - 2002

10/01/1997 - ongoing
01/01/2003 - ongoing
10/01/1997 - ongoing

01/01/2003 - ongoing

Live births, Stillbirths, Elective terminations

Live births, Stillbirths, Elective terminations
Live births, Stillbirths

Live births

Live births, Stillbirths, Elective terminations
Live births

Live births, Stillbirths, Elective terminations

Live births, Stillbirths, Elective terminations




Table 3.2 Minimum Detectable Odds Ratios for Selected Risk Exposures for Choanal

Atresia
Exposure Exposure rate OR OR
among (All Cases) (Isolated
controls — (%) Cases)
(N=6703) (N=90) (N=47)
Cigarette Smoking
Lifetime exposure (33.1) 1.83 2.28
Active exposure (B1-M3) (10.0) 2.24 2.85
> 15 cig/day (B1-M3) (5.7 2.62 3.43
Alcohol
Any exposure (36.4) 1.82 2.28
Periconceptional exposure (B1-M3) (3.3) 3.17 4.25
Drinking, > 1 binge episodes (B1-M3) (11.8) 2.15 2.73
Caffeine
Coffee (= 3 cups per day) (7.1) 2.46 3.18
Tea (> 3 cups per day) (4.2) 2.90 3.85
Caffeinated soda (> 3 cups per day) (11.5) 2.16 2.75
Total caffeine (> 300 mg/day) (10.9) 2.19 2.79
Medications
Anti-infective 3.1 3.24 4.37
Anti-infective (UTI) agents (1.7) 4.15 5.77
Anti-pyretic (0.4) 8.77 13.15
Anti-depressants (2.9) 3.32 4.50
Anti-diarrheal (0.3) 10.44 15.85
Respiratory tract agents (0.5) 7.71 11.42
Anti-tussive (2.8) 3.37 4.60
Expectorant (5.7) 6.62 3.43
Nutrients (25.0) 1.93 2.43

B1-M3 = periconceptional period; UTI=Urinary Tract Infection, OR=0dds Ratio
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CHAPTER IV

RESULTS

Aim 1

To determine the prevalence of choanal atresia and choanal stenosis and describe the
characteristics of affected infants and their mothers

For study aim 1, 304,008 live births were identified as delivered to lowa residents
from January 1, 1998 through December 31, 2005. Active surveillance by the IRCID
identified 14 infants diagnosed with choanal atresia (British Pediatric Association [BPA]
codes 748.010 - 748.014), and 54 infants diagnosed with choanal stenosis (BPA codes
748.000 - 748.004).

Fourteen infants, born to Iowa resident mothers from January 1, 1998 through
December 31, 2005, were identified with choanal atresia by the IRCID. During the 8-year
time period, the overall prevalence estimate of choanal atresia was 0.46 per 10,000 live
births (95% confidence interval [CI] =0.27, 0.78). No choanal atresia cases were
identified during birth years 1999, 2002, or 2005, but the annual prevalence estimates for
the remaining study years were relatively consistent and ranged between 0.54 and 0.80
per 10,000 live births (Table 4.1). By comparison, 54 infants with choanal stenosis were
born to lowa resident mothers from January 1, 1998 through December, 31 2005. Among
the 54 infants with choanal stenosis, a preliminary diagnosis was reported as ‘possible’ or
‘suspected’ choanal atresia for two infants, and as ‘choanal atresia’ for six infants. A
medical geneticist re-confirmed the diagnosis for these eight infants to be ‘choanal
stenosis’ after reviewing supporting diagnostic and surgical evidence. Estimated

prevalence of choanal stenosis during the 8-year study period for the 54 infants was 1.78
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per 10,000 live births (95% CI = 1.36, 2.32) with annual prevalence estimates varying
over the study period (Table 4.1).

Choanal atresia presented as a solitary (isolated) defect in 5 out of all 14 case
infants. An additional five infants with choanal atresia had two or more major co-
occurring birth defects of different organ systems (multiple) (Table 4.2). Another two of
the 14 infants with choanal atresia had a single gene (Mendelian) defect and were
classified as CHARGE (Coloboma, Heart defect, Choanal Atresia, Retarded growth and
development, Genital anomaly and Ear defect) syndrome. Choanal atresia presented as a
part of a chromosomal syndrome in two infants, one with a known etiology (DiGeorge
Syndrome) and another with an unknown etiology (Table 4.2). Common, co-occurring
defects among multiple choanal atresia cases were low set ears, bilateral anomalies of
fingers, and micro- or macrognathia (Table 4.3). The prevalence of isolated or multiple
choanal atresia (non-syndromic) was similar and estimated as 0.16 (95% CI= 0.07, 0.40)
per 10,000 live births. Overall, one-half of all case infants had bilateral choanal atresia.
Unilateral choanal atresia was predominantly right-sided (Table 4.2).

Similar to choanal atresia, about 35% of infants had isolated choanal stenosis, and
33% of infants had multiple choanal stenosis (Table 4.2). Nine out of the 54 infants with
choanal stenosis had a chromosomal syndrome (Trisomy 21, 18, or 13; Wolf-Hirschorn
Syndrome; Turner Phenotype; or deletion of short arm of 17 or 18), three had syndromes
of unknown etiology; and five infants had a single gene (Mendelian) defect (Table 4.2).
Common co-occurring defects among infants with multiple choanal stenosis included
microcephalus, anomalies of the nose, micro- or macrognathia, low set ears or congenital

nasal septum deviation (Table 4.4). Prevalence of isolated choanal stenosis was 0.62 per
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10,000 live births (95% CI= 0.40, 0.98) and multiple choanal stenosis was 0.59 per
10,000 live births (95% CI= 0.37, 0.94). Among infants with a chromosomal syndrome,
trisomy 18 and trisomy 21 were most common. Among choanal stenosis cases with
known laterality (59%), one-half were bilateral, and unilateral cases were predominantly
left-sided.

Qualitative data were abstracted from the IRCID to summarize diagnostic and
treatment characteristics of choanal atresia and choanal stenosis. Commonly reported
symptoms for choanal atresia and choanal stenosis were ‘breathing difficulty or
respiratory distress’ and ‘nasal congestion.” Other symptoms for choanal atresia included
‘unable to hear air movement through the nares’ or ‘noisy breathing at rest.” A frequently
reported clinical sign for both defects was ‘inability to pass a catheter through one or both
nares.” Respiratory distress was reported for most case infants, particularly those with
bilateral choanal atresia, although location (anterior or posterior) was not provided.

Clinical notes abstracted for only two choanal atresia cases included mention of
the quality of atresia, one being ‘membranous’ and the other ‘bony.” The diagnostic
method used most often to detect choanal atresia was computerized tomography (CT)
with indicated treatment procedures being endoscopic stenting, transnasal surgery,
mitomycin applications and myringotomy. Cytogenetic tests were reportedly conducted
for five infants with the test results for each infant listed as normal. Among infants with
choanal stenosis, 33 had cytogenetic test results (22 with normal results and 11 with
abnormal results). There were no reports of other genetic testing of infants with either

choanal atresia or choanal stenosis.
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Selected characteristics differed little (p>0.05) between choanal atresia infants
and those with choanal stenosis (Table 4.5). Among infants with choanal atresia, an equal
proportion of females and males were affected, each was a singleton pregnancy, and most
were live births. Four out of the 14 infants with choanal atresia were born preterm (<37
weeks of gestation) and were low birth weight (<2500 grams). Among infants with
choanal stenosis, an excess was found for females, most were singleton pregnancies, and
most were live births. About one-quarter of all infants with choanal stenosis were born
preterm (<37 weeks of gestation) and were low birth weight (<2500 grams). Family
history of choanal atresia was reported for one case infant, where the mother of the infant
reported that she had undergone a choanal atresia repair at five years of age. Mothers of
choanal atresia infants and those of choanal stenosis infants also differed little (p>0.05)
(Table 4.5). Mothers of choanal atresia infants were most often between 25 and 34 years
of age at delivery, were non-Hispanic white, and had some college education. Mothers of
choanal stenosis infants were frequently over 35 years of age at delivery, predominantly

non-Hispanic white, but less likely to have attended college.

Aim 2

To examine the associations between exposure to cigarette smoke, alcohol, and
medications during the month before through the third month following conception, and
exposure to caffeine and nutrients one-year before pregnancy in case and control
mothers, and choanal atresia in the offspring

For study aim 2, a total of 102 eligible infants with choanal atresia (BPA codes
748.010 - 748.014) and 6807 eligible, unaffected healthy control infants with expected
dates of delivery (EDD)s from October 1, 1997 through December 31, 2005 were

identified from the NBDPS. Of the 102 infants with choanal atresia, 91 were classified as
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definite cases after record review by clinical geneticists. Mothers of 90 infants completed
the NBDPS telephone interview, and were included in the study. Similarly, 6703 of 6807
eligible control mothers who completed the telephone interview were included. Interview
participation rates were 57% for case mothers and 69% for control mothers. The median
time between EDD and interview was 8.5 months and 7.6 months for case and control
mothers, respectively.

Data from the NBDPS were analyzed to produce descriptive statistics for selected
characteristics of case and control infant-mother dyads (Table 4.6). Among case infants,
the proportion of females was twice that of males. Compared to control infants, case
infants had a significantly greater prevalence of preterm birth and multiple births. Two
case mothers reported a first-degree relative affected with choanal atresia, whereas no
control mother reported having a first-degree relative affected with choanal atresia.

Mothers of case infants were more likely to be older (greater or equal to 35 years),
non-Hispanic white, a high school graduate, and have a household income from $10,000 -
$50,000 US dollars, history of type 1 or 2 diabetes before the index pregnancy, history of
hypertension, and fall or winter season of conception compared to those of control infants
(Table 4.6). No significant differences were found between case and control mothers with
regard to body mass index, parity, nativity, employment status, and periconceptional folic
acid intake. Participating centers showed some differences in the proportion of cases and

controls enrolled; however, these differences were not statistically significant.

Cigarette Smoking

Overall, 31 (34%) case mothers and 2219 (33%) control mothers reported

periconceptional exposure to cigarette smoke (Table 4.7). Among isolated choanal atresia
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cases, a greater proportion of mothers reported active smoking compared to control
mothers. The frequency of exposure was the same (15 cigarettes/day) among mothers of
isolated choanal atresia cases compared to control mothers (6%). No significant dose-
response effect was noted with increased frequency of exposure (per day) for isolated
choanal atresia, stratified by potential confounders such as gender, gestational age, type 1
or 2 diabetes before index pregnancy, history of hypertension, and season of conception.
Similarly, No significant dose-response effect was noted with increased frequency of
exposure (per day) for all cases of choanal atresia combined, stratified by potential
confounders such as gender, gestational age, birth weight, plurality, maternal race and
ethnicity, type 1 or 2 diabetes before index pregnancy, history of hypertension, and
season of conception.

Odds ratios (OR)s for periconceptional smoking exposure were generally higher
for isolated choanal atresia cases compared to all choanal atresia cases combined (Table
4.8). An elevated, but non-significant, association was noted between any
periconceptional exposure to cigarette smoking and isolated choanal atresia (OR=1.4;
95% CI=0.8, 2.6), but not all choanal atresia cases combined (OR=1.0; 95% CI =0.6, 1.6)
(Table 4.8).

Associations between choanal atresia and periconceptional exposure to cigarette
smoke were further examined by ‘active,’ if the mother reported to have smoked, and
‘passive’ if the mother reported an indirect exposure at home or in the workplace (Table
4.8). Passive exposure during the periconceptional period yielded an elevated and

marginally significant OR for isolated choanal atresia cases (OR=2.3; 95% CI=1.0, 5.3).
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Alcohol

For alcohol exposure, 33 (37%) case mothers and 2442 (36%) control mothers
reported any periconceptional consumption (Table 4.7). Little variation was found
between case and control mothers with respect to frequency of average drinks consumed
per month and number of binge episodes (4 or more drinks per occasion). Adjusted ORs
for any maternal periconceptional exposure to alcohol and choanal atresia was not
significant either isolated cases (OR=0.8; 95% CI=0.4, 1.6) or for all cases combined
(OR=0.9; 95% CI=0.6, 1.5) (Table 4.8). Risk due to a high average number of drinks per
month (> 16 drinks/month) could not be calculated for isolated cases because of
insufficient cell size (n<5); however, maternal reports of 16 or more drinks per month did
not show a significant increase in risk among all cases of choanal atresia. Further, a non-
significant association was noted between binge drinking (4 or more drinks per occasion)
and choanal atresia among both isolated and all choanal atresia cases combined. Use of 5
or more drinks to define a binge episode did not materially change the odds ratios (data
not shown). No significant dose-response effect was noted for increased average number
of drinks per month and isolated choanal atresia, stratified by potential confounders such
as gender, gestational age, birth weight, any periconceptional active smoking, type 1 or 2
diabetes before index pregnancy, history of hypertension, and season of conception. No
significant dose-response effect was noted for increased average number of drinks per
month and all cases of choanal atresia combined, stratified by potential confounders such
as gender, gestational age, birth weight, plurality, maternal race and ethnicity, type 1 or 2

diabetes before index pregnancy, history of hypertension, and season of conception.
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An effect modification was observed between active periconceptional cigarette
smoking and alcohol exposure. Mothers who reported active periconceptional smoking
exposure, but no drinking, or mothers who reported any drinking, but no active
periconceptional smoke exposure showed a higher risk of having an infant with choanal
atresia; however, the same effect did not persist among mothers with both active
periconceptional smoking and alcohol exposure. Excluding the interaction term from the
multivariable model did not materially impact the estimates of the main effects for each

exposure.

Caffeine

All case mothers and most (6688 or 99.8%) control mothers responded to items
about caffeine use one-year prior to the index pregnancy (Table 4.9). Overall, 47 (52%)
case mothers and 3116 (47%) control mothers reported any caffeine exposure (coffee,
tea, or soda). Stratification by type of caffeinated beverage consumed produced elevated
ORs for maternal reports of 3 or more cups of coffee per day and isolated choanal atresia
(OR=2.89; 95% CI=1.30, 6.42). This association was attenuated for mothers of all
choanal atresia cases combined. A significant dose-response effect was found when
mothers reported increased intake of coffee (cups/day) for both isolated and all cases of
choanal atresia compined (Cochran-Armitage test-Asymptomatic test p value=0.03). The
dose-response effect was further stratified by gender, gestational age, birth weight,
plurality, maternal race and ethnicity, type 1 or 2 diabetes before index pregnancy,
history of hypertension, and season of conception, and maternal periconceptional

smoking and alcohol, and the Mantel-Haenszel pooled trend test was significant (two-
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sided p<0.05) for both isolated and all cases of choanal atresia combined. No significant
association was found for higher intake of caffeinated tea (> 3 cups per day), although
our analyses were somewhat limited due to small cell sizes among isolated choanal
atresia cases (n<5), particularly for higher exposures (> 3 cups per day). Increased
maternal intake of caffeinated soda also did not show a positive association with choanal
atresia, either for isolated or all choanal atresia cases combined. In addition, cumulative
exposure to caffeine from caffeinated beverages, coffee, tea, and soda showed an
increased, but marginally significant, OR for isolated choanal atresia for mothers who
reported consuming 300 or more mg/day of caffeine (OR=2.15; 95% CI=1.00, 4.73).
Unlike coffee (cups/day) intake, no significant trend was noted between increasing levels
of total caffeine (mg/day) before pregnancy and risk of choanal atresia in the offspring
(both isolated or all cases of choanal atresia combined). Also, there was no significant
interaction between caffeine intake and any active periconceptional tobacco exposure and

alcohol use for both isolated and all cases of choanal atresia combined.

Nutrients
Macro-, micro-, and mineral nutrient intakes one-year prior to pregnancy were
available for all case and control mothers. Quartiles of intake were created using control
mother responses. No significant association was found for higher or lower intakes of
macronutrients (Table 4.10) or minerals (Table 4.11). Among micro-nutrients, high
intake of zinc for all choanal atresia cases combined was associated with an increased OR
(OR=2.12; 95% CI=1.17, 3.86); for isolated choanal atresia cases only the OR was of a

comparable magnitude but not statistically significant (OR=1.86; 95% CI1=0.84, 4.13)
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(Table 4.12). Interestingly, lower maternal intake of single vitamin A was associated with
a reduced risk of isolated choanal atresia (OR=0.32; 95% CI=0.13, 0.79) after controlling
for total energy intake and other covariables (Table 4.12). Overall, the nutritional analysis
estimates were derived from exposure quartiles having small exposure frequencies among

cascs.

Medications

Very few case mothers (<6%) reported that they were exposed to medications
during the periconceptional period of their index pregnancy (Table 4.13). A high
frequency of exposure was noted for anti-infective (any), anti-infective urinary tract
infection (UTI) agents, anti-pyretic, anti-depressant - selective serotonin reuptake
inhibitors (SSRI)s, anti-diarrheal, respiratory tract agents, and anti-tussive medication
among all choanal atresia cases combined and isolated choanal atresia case mothers
compared to control mothers. Particularly, a greater proportion of all case mothers were
exposed to anti-infective UTI agents compared to control mothers (5.6 vs. 1.7%). The
frequency of exposure was also higher among mothers of isolated cases compared to
control mothers for SSRI medications (6.4 vs. 2.9%) and anti-tussives (8.5 vs. 2.8%).

Adjusted analyses of maternal periconceptional medication exposures and choanal
atresia could not be conducted due to insufficient cell sizes of exposed mothers (n<5);
thus, unadjusted estimates were presented (Table 4.13). Elevated, but non-significant
associations were noted between any periconceptional exposure to any anti-infective
(OR=1.4, 95% CI=0.2,5.6), anti-infective urinary tract infection (UTI) agents (OR=2.5;

95% CI=0.3, 9.8), SSRIs (OR=2.3; 95% CI=0.5,7.3), and anti-tussive (OR=3.2; 95%
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CI=0.8,8.9) and isolated choanal atresia; and between any periconceptional exposure to
any anti-infective (OR=1.5; 95% CI=0.4,4.0); anti-pyretic (OR=2.9; 95% CI=0.1,17.8),
SSRIs (OR=1.6; 95% CI=0.4,4.2), anti-diarrheal (OR=3.6; 95% CI=0.1,22.7), respiratory
tract agent (OR=2.3; 95% CI=0.1,14.3), and anti-tussive (OR=2.0; 95% CI=0.8,5.0) and
all cases of choanal atresia combined.

Only one significant association was noted between periconceptional exposure to
anti-infective UTI agents and all cases of choanal atresia (OR=3.3; 95% CI=1.3, 8.4).
This association was also found among isolated cases of choanal atresia, but was not
statistically significant (OR=2.5; 95% CI=0.3, 9.8). Frequently used anti-infective UTI
drugs were examined including ampicillin, cephalexin, clotrimazole, diazepam,
metronidazole, nitrofurantoin, and promethazin; however, case mothers reported no
periconceptional exposure to any of the above stated drugs. Association between anti-
thyroidal medication use during pregnancy and choanal atresia is well-reported in the
literature; however, no case mother reported periconceptional use of anti-thyroid

medications.

Summary of Findings

This is the first statewide, population-based study of choanal atresia and choanal
stenosis and also the first population-based study of risk factors for choanal atresia.
Overall prevalence estimates for choanal atresia and choanal stenosis among births to
Iowa resident mothers from January 1, 1998 through December 31, 2005 were 0.46 and
1.78 per 10,000 live births, respectively. There were no significant differences in the

infant and maternal characteristics between choanal atresia and choanal stenosis cases.
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Review of IRCID clinical notes showed that some choanal stenosis cases were reported
as choanal atresia before diagnostic confirmation, suggesting a potential for diagnostic
misclassification between the two defects. Among the risk factors examined for choanal
atresia using data from the NBDPS, maternal periconceptional exposure to smoking or
alcohol did not increase risk; however, maternal intake of 3 or more cups of coffee a day,
as well as high exposures to zinc in the diet at one-year before pregnancy, increased the
risk of choanal atresia in the offspring. Periconceptional exposure to anti-infective UTI
agents also showed a significant association with choanal atresia among all cases of

choanal atresia combined.
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Table 4.1 Prevalence of Choanal Atresia and Choanal Stenosis in Iowa, 1998-2005

Total Choanal Atresia Choanal Stenosis

Year Population n Prevalence per n Prevalence per
Live Births 10,000 live births 10,000 live births

(95% CI) (95% CI)
1998 37,262 2 0.54 (0.13, 2.15) 11 2.95(1.63, 5.33)
1999 37,549 0 NC 10 2.66 (1.43, 4.95)
2000 38,250 3 0.78 (0.25, 2.43) 8 2.09 (1.05, 4.18)
2001 37,610 3 0.80 (0.26, 2.47) 2 0.53 (0.13, 2.13)
2002 37,555 0 NC 8 2.13(1.07, 4.26)
2003 38,139 3 0.79 (0.25, 2.44) 4 1.05 (0.39, 2.80)
2004 38,368 3 0.78 (0.25, 2.42) 6 1.56 (0.70, 3.48)
2005 39,275 0 NC 5 1.27 (0.53, 3.06)
TOTAL 304,008 14 0.46 (0.27, 0.78) 54 1.78 (1.36, 2.32)

CI = Confidence Interval; n=Frequency; NC = Not Calculated




Table 4.2 Clinical Characteristics of Choanal Atresia and Choanal Stenosis

in lowa
Choanal Atresia Choanal Stenosis
(N=14) (N=54)
Characteristics n (%) n (%)
Classification
Isolated 5 (35.7) 19 (35.2)
Multiple 5 (35.8) 18 (33.3)
Chromosomal syndrome 1 (7.1) 9 (16.7)
Known syndrome-unknown etiology 1 (7.1) 3 (5.5)
Single gene (Mendelian) defect 2 (14.3) 5 9.3)
Laterality
Bilateral 7 (50.0) 17 (31.5)
Unilateral, Right Sided 5 (35.6) 3 (5.6)
Unilateral, Left Sided 1 (7.2) 12 (22.2)
Laterality Unknown 1 (7.2) 22 (40.7)
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Table 4.3 Common Co-occurring Defects in Multiple Choanal Atresia (N=5)

BPA code Defect Description n (%)
744245 Low Set Ears 3 (60.0)
755504 Anomalies of fingers, Bilateral 3 (60.0)
524000 Micrognathia\Macrognathia 2 (40.0)
743804 Other specified anamolies of eye, Bilateral 2 (40.0)
744234 Other mishappen ear, Bilateral 2 (40.0)
744910 Congenital anamolies of face, NOS 2 (40.0)
745498 Ventricular Septal Defect, Probable 2 (40.0)
745500 Patent Formen Ovale 2 (40.0)

BPA=British Pediatric Association; n=Frequency; N=Total cases with multiple choanal atresia;
NOS=Not Otherwise Specified

Table 4.4 Common Co-occurring Defects in Multiple Choanal Stenosis (N=18)

BPA code Defect Description n (%)
742100 Microcephalus 5 (28.0)
748180 Other specified anomalies of nose 5 (28.0)
524000 Micrognathia\Macrognathia 4 (22.0)
744245 Low set ears 4 (22.0)
754020 Congenital deviation of nasal septum 4 (22.0)
743804 Other specified anomalies of eye, bilateral 3 (17.0)
744231 Other misshapen ear, left 3 (17.0)
744246 Posteriorly rotated ears 3 (17.0)
744910 Congenital anomalies of face, NOS 3 (17.0)
745510 Ostium (septum) secundum defect 3 (17.0)
752502 Undescended testicle, unilateral right 3 (17.0)
754050 Plagiocephaly 3 (17.0)

BPA=British Pediatric Association; n=Frequency; N=Total cases with multiple choanal stenosis;

NOS=Not Otherwise Specified
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Table 4.5 Infant and Maternal Characteristics of Choanal Atresia and Choanal Stenosis

Choanal Atresia (N=14)

Choanal Stenosis (N=54)

Characteristics n (%) n (%)
Infant
Sex*
Male 7 (50.0) 22 (40.7)
Female 7 (50.0) 31 (57.4)
Birth weight (grams)*
<2500 4 (30.8) 16 (32.0)
>2500 9 (69.2) 34 (68.0)
Gestational age at delivery (wks)
<37 5 (35.7) 14 (25.9)
>37 9 (64.3) 40 (74.1)
Plurality*
Singleton 14 (100.0) 50 (92.6)
Multiple 0 0) 3 (5.5)
Birth Outcome*
Live 13 (92.7) 52 (96.3)
Elective Termination 1 (7.1) 1 (1.9)
Family history of same defect
No 13 (92.7) 54 (100.0)
Yes 1 (7.1) 0 0)
Maternal
Age at delivery (years)*
<25 3 (21.4) 19 (35.9)
25-34 10 (71.4) 21 (39.6)
>35 1 (7.2) 13 (24.5)
Race/Ethnicity*
Non-Hispanic White 14 (100) 49 (92.5)
Non-Hispanic Black 0 (0) 2 (3.9)
Hispanic 0 0) 1 (1.9)
Other 0 0) 1 (1.9)
Education*
Elementary/High School 5 (35.7) 31 (58.5)
College (1-4 years) 7 (50.0) 20 (37.7)
College (5+ years) 2 (14.3) 2 (3.9)
Gravidity*
1-2 8 (61.5) 28 (54.9)
>3 5 (38.9) 23 (45.1)

* Frequency of cases and controls may vary because of missing data. Percentages may not total 100

because of rounding.




Table 4.6 Selected Characteristics of Choanal Atresia Infants and their Mothers

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)
Characteristics n (%) n (%) n (%)
Infant
Sex
Male 3389  (50.6) 15 (31.9) 33 (36.7)
Female 3309  (49.4) 32 (68.1) 57 (63.3)
Birth weight (grams)
>2500 6286  (93.8) 41 (872) * 62 (68.9)
<2500 392 (5.9 6 (12.8) 28 (1.1)
Gestational age at delivery (wks)
>37 6067  (90.5) 37 (78.7) * 62 (68.9)
<37 635 9.5) 10 (21.3) 28 (31.1)
Plurality
1 6492  (96.9) 44 (93.6) 85 (944
2 or more 205 3.1) 3 (6.4) 5 (5.6)
Family history-choanal atresia**
No 6294  (93.9) 41  (87.2) 82 (91.1)
Yes 0 0) 1 (2.1) 2 (22
Maternal
Age at delivery (years)
<25 2238  (33.4) 8 (17.0) * 20 (22.2)
25-34 3519 (52.5) 27 (57.5) 51 (56.7)
>35 946  (14.1) 12 (25.5) 19 (21.1)
Race/Ethnicity**
Non-Hispanic white 4011 (59.8) 38 (80.9) * 66 (73.3)
Non-Hispanic black 764  (11.4) 3 (6.4) 5 (5.6)
Hispanic 1491  (22.2) 5 (10.6) 16 (17.8)
Other 409 (6.1) 0 0) 2 (22
Education (years)
<12 1128  (16.8) 4  (85) 13 (14.4)
12 1651  (24.6) 12 (25.5) 18  (20.0)
>12 3915 (58.4) 31 (66.0) 59  (65.6)
Body Mass Index (kg/m”)**
<25 3949  (58.9) 25 (53.2) 51 (56.7)
>25 2491  (37.2) 20 (42.6) 33 (36.7)
Parity
0 1955  (29.2) 11 (23.4) 27  (30.0)
1 1975  (29.5) 16 (34.0) 29 (32.2)
>2 2771 (41.4) 20 (42.6) 34 (37.8)
Nativity
United States 5410  (80.7) 42 (89.4) 72 (80.0)
Other 1288  (19.2) 5 (10.6) 18  (20.0)




Table 4.6 Continued

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)

Characteristics n (%) n’ (%) n’ (%)
Household Income (US
dollars)**

<10,000 1079  (17.7) 5 (10.6) * 14 (15.6)

10,000-50,000 2132 (35.3) 25 (53.2) 41 (45.6)

>50,000 2885  (47.3) 17 (36.2) 32 (35.6)
Employment

No 1873  (27.9) 14 (19.8) 24 (26.7)

Yes 4825  (72.0) 33 (70.2) 66 (73.3)
Folic Acid®

No 846  (12.6) 4 (8.5 10 (11.1)

Yes 5764  (86.0)| 43 (91.5) 80 (88.9)
Prepregnancy diabetes

No 6653  (99.3) 45 (95.7) * 88 (97.8)

Yes 39 (0.7) 2 (43 2 (5.6)
Prepregnancy hypertension

No 5793  (86.4) 44 (93.6) 83 (92.2)

Yes 901 (134 3 (64 7 (79
Season of conception

Summer 1641  (24.5) 7 (14.9) 14 (15.6)

Fall 1759  (26.2) 16 (34.0) 33 (36.7)

Winter 1654 (24.7) 17 (36.2) 28 (31.1)

Spring 1649  (24.6) 7 (14.9) 15 (16.7)
Study site

Arkansas 838  (12.5) 3 (64 6 (6.7

California 849  (12.7) 1 2.1 8 (8.9

Iowa 751 (11.2) 5 (10.6) 10 (11.1)

Massachusetts 855 (12.8) 10 (21.3) 12 (13.3)

New Jersey 573 (8.6) 6 (12.8) 14 (15.6)

New York 591 (8.8) 9 (19.2) 11 (12.2)

North Carolina 393 (5.9 2 (4.3 4 (4.4

CDC/Atlanta 724 (10.8) 5 (10.6) 11 (12.2)

Texas 766  (11.4) 4 (8.9) 12 (13.3)

Utah 363 (5.4 2 (43 2 (22

CDC=Centers for Disease Control and Prevention; n=Frequency; Kg=Kilograms; m=Meter; US=United
States, wks=weeks

* Any intake from prenatal, multivitamin, or folic acid as a single vitamin
*p<0.05 for cases vs. controls

** Frequency of cases and controls may vary because of missing data. Percentages may not total 100
because of rounding.
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Table 4.7 Maternal Periconceptional Cigarette Smoking or Alcohol and Choanal Atresia

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)
Exposure n (%)* n (%)* n (%)*
Cigarette Smoking
Total reports 6700 47 90
Any exposure 2219 (33.1) 19 40.4 31 (34.4)
Type of smoking
None 4468 (66.7) 27 (57.5) 58 (64.4)
Active only 500 (7.5) 7 (14.9) 8 (8.9)
Passive only 946 (14.1) 7 (14.9) 15 (16.7)
Active and Passive 768 11.5) 5 (10.6) 8 (8.9)
Active smoking
B1 only 150 2.2) 0 0) 0 0)
B1 and M1 265 (4.0) 3 (6.4) 3 (3.3)
B1, M1, M2 151 2.3) 0 0) 0 (0)
B1, M1, M2, and M3 673 (10.0) 9 (19.2) 13 (14.4)
Other 33 (0.5) 0 (0) 0 (0)
Cigarettes/day
1-14 888 (13.3) 9 (19.2) 11 (12.2)
> 15 380 5.7 3 (6.4) 5 (5.6)
Alcohol
Total reports 6688 46 &9
Any exposure 2442 (36.4) 18 (38.3) 33 (36.7)
B1 only 916 (13.7) 7 (14.9) 13 (14.4)
B1 and M1 688 (10.3) 5 (10.6) 11 (12.2)
B1, M1, M2 154 (2.3) 3 (6.4) 3 (3.3)
B1, M1, M2, and M3 223 3.3) 0 (0) 0 (0)
Other 461 (6.9) 3 (6.4) 6 (6.7)
Average drinks/month
1-15 1901 (28.4) 14 (29.8) 28  (31.1)
>16 523 (7.8) 4 (8.5) 5 (5.6)
Binge episodes (> 4 drinks)
Drinking, no binge episodes 1626 (24.3) 12 (25.5) 25 (27.8)
Drinking, > 1 binge episodes 793 (11.8) 6 (12.8) 8 (8.9)

*Percentage of completed reports

B1=0One month before pregnancy; M1=First month of pregnancy; M2=Second month of pregnancy;

M3=Third month of pregnancy; N=Frequency

Incomplete reports on smoking (3 control mothers) and alcohol exposures (15 control mothers, 1 case

mother) were excluded from analyses.
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Table 4.8 Multivariable Analyses for Maternal Periconceptional Cigarette Smoking or
Alcohol and Choanal Atresia

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)
Exposure n n | aOR (95% CI)*° n| aOR (95% CI)Y
Cigarette Smoking
None 4468 27 Reference 58 Reference
Any exposure 2219 19 | 1.43(0.79,2.59) 31 1.00 (0.63,1.57)
Type of smoking
Active only 500 7 | 1.11(0.42,2.90) 8 0.64 (0.30,1.39)
Passive only 946 7 | 2.30(0.99,5.33) 15 1.05 (0.49,2.24)
Active and Passive 768 5 | 1.23(0.53,2.86) 8 1.34 (0.74,2.42)
Cigarettes/day
1-14 888 9 | 1.57(0.75,3.29) 11 0.75 (0.39,1.45)
>15 380 3 NC 51 0.74 (0.29,1.88)
Alcohol
None 4205 28 Reference 56 Reference
Any exposure 2442 18 | 0.82(0.44,1.55) 33 0.94 (0.60,1.48)
Average drinks/month
1-15 1901 14 | 0.83(0.42,1.63) 28 1.02 (0.64,1.64)
>16 523 4 NC 5 0.69 (0.27,1.76)
Binge episodes
(> 4 drinks)
Drinking, no binge 1626 12 | 0.86(0.34,2.20) 25 1.05 (0.64,1.72)
episodes
Drinking, > 1 binge 793 6 | 0.81(0.40,1.65) 8 | 0.73(0.34,1.57)
episodes

aOR=Adjusted Odds Ratio; CI=Confidence Interval, N=Frequency; NC=Not Calculated (less than five

mothers reported the exposure)

? Cigarette smoking variables only - adjusted for gender, gestational age, type 1 or 2 diabetes before index
pregnancy, history of hypertension, and season of conception.

® Alcohol variables only - adjusted for gender, gestational age, birth weight, any periconceptional active
smoking, type 1 or 2 diabetes before index pregnancy, history of hypertension, and season of conception.

¢ Adjusted for gender, gestational age, birth weight, plurality, maternal race and ethnicity, type 1 or 2 diabetes
before index pregnancy, history of hypertension, and season of conception.




Table 4.9 Multivariable Analyses for Maternal Caffeine Intake One-Year Before Pregnancy and Choanal Atresia

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)
Exposure n (%)* n (%)* aOR (95% CI)* n (%)* aOR (95% CI)
Coffee (cups/day)**
<1 4637 (65.6) 28 (59.6) Reference 59 (65.6) Reference
1-2 1588 (23.7) 11 (23.4) 1.17 (0.58,2.38) 21 (23.3) 0.99 (0.59,1.65)
>3 473 (7.1) 8 (17.0) 2.89 (1.30,6.42) 10 (11.1) 1.41 (0.70,2.83)
Tea (cups/day)
<1 5450 (81.3) 38 (80.9) Reference 75 (83.3) Reference
1-2 965 (14.4) 7 (14.9) 0.99 (0.44,2.24) 10 (11.1) 0.68 (0.35,1.34)
>3 280 (4.2) 2 4.3) NC 5 (5.6) 1.18 (0.46,3.02)
Caffeinated Soda (cans,
glasses or bottles/day)
<1 4055 (60.5) 29 (61.7) Reference 54 (60.0) Reference
1-2 1867 (27.9) 12 (25.5) 0.88 (0.45,1.73) 22 (24.4) 0.82 (0.50,1.37)
>3 771 (11.5) 6 (12.8) 1.04 (0.42,2.54) 14 (15.6) 1.16 (0.63,2.15)
Total caffeine (mg/day)
<100 (none/low) 3572 (53.3) 21 (44.7) Reference 43 (47.8) Reference
100 - <200 (low) 1540 (23.0) 11 (23.4) 1.21 (0.58,2.52) 21 (23.3) 1.07 (0.62,1.83)
200 - <300 (moderate) 848 (12.7) 6 (12.8) 1.17 (0.47,2.92) 13 (14.4) 1.12 (0.59,2.12)
> 300 (high/very high) 728 (10.9) 9 (19.5) 2.15(0.98,4.73) 13 (144 1.21(0.63,2.32)

*Frequency of cases and controls may vary because of missing data. Percents may not equal 100 because of missing data.
aOR=Adjusted Odds Ratio; CI=Confidence Interval; mg=milligrams; N=Frequency; NC=Not Calculated (less than five mothers reported

the exposure)

**Cochran-Armitage Test for Trend Significant for Isoalted Cases (p=0.03)

* Adjusted for gender, gestational age, type 1 or 2 diabetes before index pregnancy, history of hypertension, and season of conception.

® Adjusted for gender, gestational age, birth weight, plurality, maternal race and ethnicity, type 1 or 2 diabetes before index pregnancy, history of
hypertension, and season of conception
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Table 4.10 Multivariable Analyses for Maternal Macronutrient Intake One-Year Before Pregnancy and Choanal Atresia

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)
Macronutrients n (%) n (%) aOR (95% CI)* n (%) aOR (95% CI)°
Carbohydrate (g)
Low 1675 (25.0) 13 (27.7) 0.85(0.39,1.87) 26 (28.9) 0.87 (0.48,1.59)
Medium 3350 (50.0) 27 (57.4) Reference 46 (51.1) Reference
High 1676 (25.0) 7 (14.9) 0.56 (0.18,1.75) 18 (20.0) 1.25(0.57,2.73)
Protein (g)
Low 1675 (25.0) 10 (21.2) 0.53 (0.24,1.19) 26 (28.9) 0.99 (0.57,1.73)
Medium 3351 (50.0) 27 (57.5) Reference 45 (50.0) Reference
High 1675 (25.0) 10 (12.3) 1.29 (0.51,3.27) 19 (21.1) 1.35(0.67,2.69)
Fat (g)
Low 1673 (25.0) 11 (23.4) 0.63 (0.29,1.38) 27 (30.0) 1.04 (0.60,1.81)
Medium 3352 (50.0) 28 (59.6) Reference 47 (52.2) Reference
High 1676 (25.0) 8 (17.0) 0.77 (0.28,2.09) 16 (17.8) 0.84 (0.40,1.75)
Fiber (g)
Low 1675 (25.0) 10 (21.3) 0.56 (0.26,1.22) 25 (27.8) 0.92 (0.54,1.58)
Medium 3350 (50.0) 29 (61.7) Reference 47 (52.2) Reference
High 1676 (25.0) 8 (17.0) 0.67 (0.27,1.62) 18 (20.0) 1.22 (0.62,2.40)

aOR=Adjusted Odds Ratio; CI=Confidence Interval; [U=International Units; Low=<25 percentile; Medium=25 - 75 percentile; High=>75

percentile

* Adjusted for gender, gestational age, type 1 or 2 diabetes before index pregnancy, history of hypertension, season of conception,
and total energy intake in kilo calories.

b Adjusted for gender, gestational age, birth weight, plurality, maternal race/ethnicity, type 1 or 2 diabetes before index pregnancy, history of
hypertension, season of conception, and total energy intake in kilo calories.

*Frequency of cases and controls may vary because of missing data. Percents may not equal 100 because of missing data
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Table 4.11 Multivariable Analyses for Maternal Mineral Intake One-Year Before Pregnancy and Choanal Atresia

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)

Minerals n (%) n (%) aOR (95% CI)* n (%) aOR (95% CI)°
Iron (mg)

Low 1675 (25.0) 13 (27.7) 0.88 (0.43,1.81) 24 (26.7) 0.82(0.48,1.41)

Medium 3350 (50.0) 26 (55.3) Reference 50 (55.6) Reference

High 1676 (25.0) 8 (17.0) 0.71 (0.29,1.73) 16 (17.8) 0.88 (0.47,1.65)
Magnesium (mg)

Low 1675 (25.0) 10 (21.3) 0.57 (0.26,1.27) 25 (27.8) 0.94 (0.54,1.64)

Medium 3350 (50.0) 30 (63.8) Reference 49 (54.4) Reference

High 1676 (25.0) 7 (14.9) 0.57 (0.20,1.57) 16 (17.8) 0.98 (0.47,2.02)
Manganese (mg)

Low 1675 (25.0) 12 (25.5) 0.82 (0.40,1.68) 19 (21.1) 0.65(0.37,1.13)

Medium 3351 (50.0) 26 (55.3) Reference 58 (64.4) Reference

High 1675 (25.0) 9 (19.2) 0.81 (0.36,1.87) 13 (14.4) 0.59 (0.31,1.14)
Phosphorus (mg)

Low 1675 (25.0) 11 (23.4) 0.58 (0.26,1.32) 26 (28.9) 1.01 (0.57,1.80)

Medium 3351 (50.0) 25 (53.2) Reference 45 (50.0) Reference

High 1675 (25.0) 11 (23.4) 1.60 (0.62,4.09) 19 (21.1) 1.20 (0.59,2.45)
Selenium (ug)

Low 1676 (25.0) 9 (19.2) 0.48 (0.21,1.09) 24 (26.7) 0.82(0.47,1.42)

Medium 3349 (50.0) 29 (61.7) Reference 50 (55.6) Reference

High 1676 (25.0) 9 (19.2) 0.93 (0.38,2.28) 16 (17.8) 0.94 (0.47,1.88)
Sodium (mg)

Low 1675 (25.0) 16 (34.0) 1.28 (0.63,2.58) 31 (344) 1.47 (0.87,2.49)

Medium 3351 (50.0) 24 (51.1) Reference 42 (46.7) Reference

High 1675 (25.0) 7 (14.9) 0.54 (0.20,1.48) 17 (18.9) 1.00 (0.50,2.00)

aOR=Adjusted Odds Ratio; CI=Confidence Interval; [U=International Units; Low=<25 percentile; Medium=25 - 75 percentile;

High=>75 percentile

* Adjusted for gender, gestational age, type 1 or 2 diabetes before index pregnancy, history of hypertension, season of conception,
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Table 4.11 Continued

and total energy intake in kilo calories.

® Adjusted for gender, gestational age, birth weight, plurality, maternal race/ethnicity, type 1 or 2 diabetes before index pregnancy,
history of hypertension, season of conception, and total energy intake in kilo calories.

*Frequency of cases and controls may vary because of missing data. Percents may not equal 100 because of missing data
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Table 4.12 Multivariable Analyses for Maternal Micronutrient Intake One-Year Before Pregnancy and Choanal Atresia

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)
Micronutrients n (%) n (%) aOR (95% CI)* n (%) aOR (95% CI)°
One-Carbon Compounds
Betaine (mg)
Low 1678 (25.0) 8 (17.0) | 0.48(0.22,1.07) 23 (25.6) 0.82 (0.48,1.38)
Medium 3349 (50.0) 30 (63.8) Reference 49 (54.4) Reference
High 1676 (25.0) 9 (19.2) | 0.68(0.31,1.46) 18 (20.0) 0.93 (0.53,1.64)
Choline (mg)
Low 1678 (25.0) 10 (21.3) | 0.53(0.24,1.18) 22 (24.4) 0.68 (0.39,1.20)
Medium 3350 (50.0) 28 (59.6) Reference 50 (55.6) Reference
High 1675 (25.0) 9 (19.1) | 0.97(0.39,2.42) 18 (20.0) 1.24 (0.63,2.45)
Total Folate (ng)
Low 1678 (25.0) 14 (29.8) | 0.97 (0.48,1.94) 25 (27.8) 0.92 (0.54,1.57)
Medium 3350 (50.0) 26 (55.3) Reference 46 (51.1) Reference
High 1675 (25.0) 7 (149) | 0.57(0.23,1.43) 19 (21.1) 1.13 (0.63,2.05)
Methionine (g)
Low 1678 (25.0) 11 (23.4) | 0.67(0.31,1.45) 29 (32.2) 1.28 (0.75,2.20)
Medium 3350 (50.0) 25 (53.2) Reference 41 (45.6) Reference
High 1675 (25.0) 11 (23.4) 1.32 (0.57,3.05) 20 (22.2) 1.20 (0.63,2.28)
Riboflavin (mg)
Low 1676 (25.0) 11 (23.4) | 0.70(0.33,1.50) 23 (25.6) 0.86 (0.50,1.49)
Medium 3351 (50.0) 25 (53.2) Reference 47 (52.2) Reference
High 1676 (25.0) 11 (23.4) 1.25(0.55,2.85) 20 (22.2) 1.20 (0.65,2.24)
Vitamin B-12 (mg)
Low 1678 (25.0) 13 (27.7) | 0.95(0.46,1.95) 26 (28.9) 1.22 (0.71,2.11)
Medium 3349 (50.0) 23 (48.9) Reference 37 (41.1) Reference
High 1676 (25.0) 11 (23.4) 1.28 (0.57,2.84) 27 (30.0) 2.44 (1.38,4.33)
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Table 4.12 Continued

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)
Micronutrients n (%) n (%) aOR (95% CI)* n (%) aOR (95% CI)°

Vitamin B-6 (mg)

Low 1677 (25.0) 11 (23.4) | 0.68(0.32,1.45) 22 (24.4) 0.76 (0.43,1.32)

Medium 3350 (50.0) 28 (59.6) Reference 48 (53.3) Reference

High 1676 (25.0) 8 (17.0) | 0.72(0.29,1.80) 20 (22.3) 1.45 (0.78,2.70)
Zinc (mg)

Low 1678 (25.0) 12 (25.5) | 0.79(0.36,1.71) 25 (27.8) 1.02 (0.58,1.79)

Medium 3350 (50.0) 22 (46.8) Reference 40 (44.4) Reference

High 1675 (25.0) 13 (27.7) 1.86 (0.84,4.13) 25 (27.8) 2.12(1.17,3.86)

Single Vitamins

Niacin (mg)

Low 1675 (25.0) 12 (25.5) | 0.80(0.38,1.68) 27 (30.0) 1.09 (0.64,1.85)

Medium 3350 (50.0) 26 (55.3) Reference 42 (46.7) Reference

High 1676 (25.0) 9 (19.2) | 0.91(0.38,2.18) 21 (23.3) 1.52 (0.82,2.82)
Pantothenic acid (mg)

Low 1675 (25.0) 8 (17.0) | 0.39(0.17,0.90) 23 (25.6) 0.81(0.47,1.41)

Medium 3350 (50.0) 30 (63.8) Reference 50 (55.6) Reference

High 1676 (25.0) 9 (19.2) | 0.83(0.36,1.92) 17 (18.8) 0.86 (0.46,1.62)
Vitamin A (pg IU)

Low 1675 (25.0) 6 (12.8) | 0.32(0.13,0.79) 20 (22.2) 0.75 (0.43,1.29)

Medium 3350 (50.0) 33 (70.2) Reference 52 (57.8) Reference

High 1676 (25.0) 8 (17.0) | 0.58(0.26,1.30) 18 (20.0) 0.96 (0.54,1.70)
Vitamin C (mg)

Low 1675 (25.0) 13 (27.7) | 0.87(0.43,1.74) 25 (27.8) 0.93 (0.55,1.55)

Medium 3351 (50.0) 26 (55.3) Reference 47 (52.2) Reference

High 1675 (25.0) 8 (17.0) | 0.73(0.31,1.71) 18 (20.0) 1.13 (0.61,2.08)
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Table 4.12 Continued

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)
Micronutrients n (%) n (%) aOR (95% CI)* n (%) aOR (95% CI)°
Vitamin K (mg)
Low 1675 (25.0) 11 (23.4) | 0.84(0.40,1.76) 23 (25.6) 0.84 (0.50,1.42)
Medium 3351 (50.0) 23 (48.9) Reference 46 (51.1) Reference
High 1675 (25.0) 13 (27.7) 1.27 (0.63,2.56) 21 (23.3) 1.12 (0.65,1.93)
Vitamin D (mg)
Low 1673 (25.0) 14 (29.8) 1.40 (0.68,2.87) 28 (31.1) 1.42 (0.85,2.39)
Medium 3348 (50.0) 18 (38.3) Reference 37 (41.1) Reference
High 1673 (25.0) 15 (31.9) | 2.04(0.98,4.22) 25 (27.8) 1.54 (0.89,2.66)

aOR=Adjusted Odds Ratio; CI=Confidence Interval; [U=International Units; Low=<25 percentile; Medium=25 - 75 percentile;

High=>75 percentile

* Adjusted for gender, gestational age, type 1 or 2 diabetes before index pregnancy, history of hypertension, season of conception,
and total energy intake in kilo calories.

" Adjusted for gender, gestational age, birth weight, plurality, maternal race/ethnicity, type 1 or 2 diabetes before index pregnancy,
history of hypertension, season of conception, and total energy intake in kilo calories.

*Frequency of cases and controls may vary because of missing data. Percents may not equal 100 because of missing data.
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Table 4.13 Maternal Periconceptional Medication Use and Choanal Atresia

Controls Isolated Cases All Cases
(N=6703) (N=47) (N=90)

Medication Class n (%) n (%) cOR (95% CI) n (%) cOR (95% CI)
Anti-infective (Any)

No 6462 (96.9) 44 (95.7) Reference 85 (95.5) Reference

Yes 204 (3.1 2 (4.4) | 1.44(0.17,5.59) 4 (4.5) | 1.49 (0.39,4.02)
Anti-infective (UTI agents)

No 6568 (98.3) 45  (95.7) Reference 85 (94.4) Reference

Yes 116 1.7 2 (4.3) | 2.52(0.29,9.84) 5 (5.6) 3.33(1.33, 8.36)
Anti-pyretic

No 6677  (99.6) 47 (100.0) Reference 89 (98.9) Reference

Yes 26 (0.4) 0 0 NA 1 (1.1) | 2.89(0.07,17.79)
Anti-depressants (SSRI)

No 6508 (97.1) 44 (93.6) Reference 86 (95.6) Reference

Yes 193 2.9) 3 (6.4) | 2.30(0.45,7.27) 4 (4.4) 1.57 (0.41,4.23)
Anti-diarrheal

No 6681  (99.7) 47 (100.0) Reference 89 (98.9) Reference

Yes 21 (0.3) 0 0 NA 1 (1.1) 3.57 (0.09,22.7)
Respiratory Tract Agent

No 6664  (99.5) 47 (100.0) Reference 89 (98.9) Reference

Yes 32 (0.5) 0 0 NA 1 (1.1 2.34 (0.06,14.3)
Anti-tussive

No 6488 (95.2) 43 (91.5) Reference 85 (94.4) Reference

Yes 190 (2.8) 4 (8.5) | 3.18(0.82,8,87) 5 (5.6) 2.01(0.81,5.01)
Expectorant

No 6306 (94.3) 44 (93.6) Reference 87 (96.7) Reference

Yes 380 (5.7 3 (6.4) | 1.13(0.22,3.56) 3 (3.3) 0.57 (0.12,1.74)

B1-P3=one month before and three months after conception; CI=Confidence Interval; cOR=Crude Odds Ratio; N=Frequency; SSRI=Selective
Serotonin Reuptake Inhibitors; UTI=Urinary Tract Infection

L9



68

CHAPTER V

DISCUSSION

Aim 1

To determine the prevalence of choanal atresia and choanal stenosis and describe the
characteristics of affected infants and their mothers

The overall prevalence of choanal atresia in lowa during the 8-year study period
was 0.46 per 10,000 live births. This estimate was somewhat lower than the collective
estimate (0.82 per 10,000 live births) as reported from a three-registry study (henceforth
referred to as the tri-registry study) of more than 5 million live births in California,
France, and Sweden'’. Comparison of the current estimate identified in the lowa
population with those from each of the three registries individually showed similar
prevalence among Iowa (0.46 per 10,000 live births), France (0.78 per 10,000 live births)
and Sweden (0.54 per 10,000 live births), but not California (1.13 per 10,000 live births).
Given that choanal atresia is thought to occur more often among non-Hispanic whites, the
findings of lower prevalence in the populations comprised almost exclusively of non-
Hispanic whites (Iowa, France, and Sweden) does not seem to explain the difference in
estimates. More likely, the higher prevalence observed in California may be due to the
inclusion of severe stenosis cases, which were excluded in the current study. Differences
in other infant and maternal characteristics were also identified between the current and
the tri-registry study with the finding of an excess of affected females and older maternal
age at delivery not corroborated in the tri-registry study'’. Variability in classification of

case infants with chromosomal disorders may have contributed to the disparate findings.
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For choanal stenosis, the overall prevalence in lowa was estimated to be 1.78 per
10,000 live births. To date, no published, population-based studies of the prevalence of
choanal stenosis were available for comparison; however, statewide data from the Utah
Birth Defect Network (UBDN) suggested a much lower prevalence of choanal stenosis of
0.41 per 10,000 live births (personal communication from Dr. John Carey). Although the
UBDN uses a surveillance methodology similar to that used by the Iowa Registry for
Congenital and Inherited Disorders (IRCID) and each state’s population has similar
racial/ethnic distributions, the prevalence estimate from the UBDN was based on fewer
cases (12 cases in UBDN vs. 54 cases in IRCID), potentially producing a less stable
estimate. Additionally, co-occurrence of choanal stenosis with other major defects was
consistent between the two registries for some associated defects (e.g., microcephaly),
but not others (e.g., 8p deletion and partial 8q trisomy were noted in Utah but not in

Iowa).

Strengths and Limitations of Aim 1

Findings were generated using data from a multi-source, active, population-based
surveillance system. Cases identified were reviewed by a medical geneticist and those
with an underlying single-gene or chromosomal etiology were also included. Although
the case-series spanned 8 years, the longest evaluated to date, the numbers of cases
identified were modest and prone to random fluctuation. Further, most cases were
predominantly non-Hispanic white; thus, the findings can be generalized only to this

population subgroup.
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Aim 2
To examine the associations between choanal atresia and maternal exposure to cigarette
smoke, alcohol, and medications during the month before through the third month
following conception, and maternal exposure to caffeine and nutrients one-year before
pregnancy

Several differences in infant and maternal characteristics were found between
cases and controls. Specifically, case compared to control infants were predominantly
female, preterm (<37 weeks gestation), and multiple births. Mothers of case infants were
more likely to be older (> 35 years), non-Hispanic white, a high school graduate, and
have a household income from $10,000 - $50,000 US dollars, history of type 1 or 2
diabetes before the index pregnancy, history of hypertension, and fall or winter season of
conception compared to those of control infants.

The female excess observed in the current study suggests a possible genetic
predisposition and is comparable to findings from two previously published studies of
choanal atresia cases identified from tertiary hospitals®*; but discordant from the tri-
registry study as mentioned above'®. The high prevalence of preterm births in choanal
atresia has not been reported previously. Of the 28 case infants in the current study with
low birth weight (<2500 grams), 23 (82%) were also preterm (<37 weeks gestation). An
increased risk of choanal atresia among low birth weight infants was also reported in the
tri-registry study'’. With regard to multiple births, the tri-registry study reported 13 sets
of twins (2.9% twinning rate excluding triplets) with one twin-pair concordant for
choanal atresia. The current study reported twin births in 5 (5.6%) out of the 90 case
infants with no concordance for choanal atresia among any of the twins. The rate of

twinning among controls was 3%, similar to the rate of twin births in the U.S. population

during the current study period "*'. Lastly, the finding of an increased risk of choanal
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atresia among case infants who were conceived in fall or winter may be suggestive of an
infectious agent (e.g., influenza virus) as a risk factor for choanal atresia. This finding is
novel, but may be spurious, due to the modest number of case infants studied.

Few of the maternal characteristics examined in the current study could be
compared to other previously published studies. The finding of an increased risk of
choanal atresia among infants born to non-Hispanic white mothers was supported by
results of the tri-registry studym, whereas the finding of increased risk of choanal atresia
due to advanced maternal age at delivery (> 35 years) was not.

In the current study, differences were also found in health behaviors between case
and control mothers. An elevated, but non-significant, association was noted between any
maternal periconceptional active cigarette smoking and all choanal atresia; maternal
periconceptional passive exposure to cigarette smoke yielded an elevated and marginally
significant risk for isolated choanal atresia only. Maternal periconceptional alcohol
exposure was not associated with choanal atresia, either all cases combined or isolated
case only, even among those mothers who reported high average monthly intake (> 16
drinks/month) or binge drinking (4 or more drinks per occasion). Also, maternal exposure
to three or more cups of caffeinated coffee per day, and overall exposure to caffeine from
coffee, tea, and/or soda (> 300 mg/day) showed an increased risk for isolated choanal
atresia, with increased coffee intake showing a significant dose-response effect. High
maternal intake of vitamin B-12 and zinc showed an increased risk for all choanal atresia
combined, whereas low intake of pantothenic acid and vitamin A reduced the risk of
isolated choanal atresia only. Additionally, maternal periconceptional exposure to

selected medications including any anti-infective, anti-tussive, anti-pyretic, anti-diarrheal,
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respiratory tract agents, and anti-depressants associated with selective Serotonin
Reuptake Inhibitors (SSRIs) marginally increased the risk of all choanal atresia
combined. Further, maternal periconceptional exposure to anti-infective urinary tract
infection (UTI) agents was significantly associated with increased risk of all choanal
atresia cases combined. Because of the few published studies on the etiology of choanal
atresia, associations noted in the current study were also compared to published literature
on maternal exposures to cigarette smoking, alcohol, caffeine, sub-optimal nutrition, and
medications and orofacial clefts in the offspring. Orofacial clefts were chosen for
comparison as they share a similar gestation period for development and embryological

origin with choanal atresia®'.

Cigarette Smoking

The current study found no association with active smoking and choanal atresia,
either all cases combined or isolated cases only, but a marginally elevated association
with passive smoking among isolated choanal atresia cases. One explanation of this
finding may be that case mothers who actively smoked during their pregnancies may not
have disclosed or under-reported their use due to social reasons'*?, but the same may not
have been true for self-reported passive exposures. A study of NBDPS control mothers''
found that a large proportion who reported smoking before pregnancy (53.3%)
discontinued smoking just before or upon the knowledge of their pregnancy; however,
reported passive smoking did not decline at a comparable rate (9.3% decline at home and
11.8% decline at work). Further evidence that the maternal reports of active cigarette

smoking were underestimated in the NBDPS comes from data from the Pregnancy Risk
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Assessment Survey (PRAMS) from 26 sites across the U.S. showing a combined estimate
for smoking during pregnancy to be slightly higher (14.1%) between 2000 and 2005'**,
Alternatively, maternal reports of active cigarette smoking in the NBDPS might have
been an accurate reflection of such behavior, and maternal reports of passive exposure to
cigarette smoking may have been misclassified, which supports work by George et al.
(2006), who validated self-reported maternal smoking both during early and late
pregnancy in a prospective cohort study of 953 pregnant Swedish women between 1996
and 1998, and reported high reliability for active smoking compared to passive
smoking'**.

Measurement error in self-reported active smoking has been well examined. A
comprehensive study by Pickett et al. (2009) found high sensitivity and specificity of
recalled smoking among low to moderate smokers when compared to both prospective
self-reports and bioassay (cotinine) measures'~; however, recall among heavy smokers
was found to be less valid. Also, Klebanoff et al. (2001) reported that 85% of reports of
active smoking and 95% of reports of non-smoking were validated using a cotinine

bioassay in a prospective study'*®

. In addition, validity and reliability of self-reported
smoking was found to be higher among women when their exposures were queried in a
systematic month by month approach including other modifiers such as frequency and
duration, compared to an overall dichotomous measure (e.g., ever vs. never smoked
during pregnancy)'”’. The NBDPS questionnaire queried mothers regarding their
smoking behaviors using a systematic approach for each month spanning three months

before conception and each month of first trimester, with an overall measure queried for

the second trimester and an overall measure queried for last trimester. Unlike active
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smoking, frequency and duration of passive smoking was not queried in detail for those
reporting workplace and household exposures; thus it is hard to quantify the degree of
passive smoking exposures among mothers who reported combined active and passive
exposures or passive exposure only, compared to mothers who reported active exposure
only.

No other published studies were found that examined the relation between
maternal smoking during pregnancy and choanal atresia in the offspring. Published
studies for orofacial clefts have shown that maternal smoking during pregnancy has been

77.96,138-141 2 nd risk has been shown to

associated with an increased risk of orofacial clefts
be modified by specific genetic susceptibilities. Among these studies, associations
differed by phenotype (e.g., cleft lip with or without cleft palate, cleft palate alone)'*. A
meta-analysis of 24 case-control and cohort studies found moderate and statistically
significant associations between maternal smoking and cleft lip, with or without cleft
palate (relative risk=1.34; 95% CI = 1.25, 1.44), and between maternal smoking and cleft
palate alone (relative risk 1.22; 95% CI=1.10, 1.35), as well as with a modest dose-

143

response effect for cleft lip with or without cleft palate ™. Further, gene-environment

interactions between smoking and polymorphisms in transforming growth factor-a Tagl/

polymorphism have been reported for orofacial clefts'**'*’

. The current study did not
support any association between maternal periconceptional smoking and choanal atresia
in the offspring; analyses of gene-smoking interactions were beyond the scope of the
study.

The role of nicotine on reproductive health is well studied'*. Using in vivo

experiments in animals, Huang et al (2009) showed that oxidative stress, telomere
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shortening, apoptosis, and compromised embryo development due to tobacco
exposure'*’. Genomic instabilities were also found to modify the effects of nicotine
exposure. For example, short telomeres have been studied in both animal and human
models and were attributed to inconclusive findings noted between congenital

malformations in children of women who were exposed to nicotine during pregnancy'**

14 The null association noted between active smoking and choanal atresia in the current

study may in part be due to unmeasured genetic factors that interact with nicotine

exposure.

Alcohol
No elevated association was identified between maternal periconceptional alcohol
consumption or binge drinking and choanal atresia in the offspring. An interaction
between maternal periconceptional exposure to smoking and alcohol was found, although
with the modest sample size, may have been due to chance.
Use of self-reports of alcohol exposure has a potential for recall or reporting bias.
Social stigma about drinking during pregnancy may have prevented some mothers from

- . 150,151
reporting true levels of consumption ~*

. Drinking exposure in the current study was
assessed from maternal reports of average number of days and average number of drinks
per day consumed, and the maximum number of drinks consumed on one occasion during
the study period. The frequency of binging was subsequently calculated from reported
averages, and could have deviated from the true measure of exposure among mothers

who drank infrequently and/or reported monthly average below a binge episode (4 or

more drinks per occasion). Also, the volume of alcohol consumed per beverage type was
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assumed to correspond to a standard serving volume for beer, wine, or liquor, and did not
account for variability for serving volumes within beverage types. Overall, compared to
other national studies on prevalence of drinking before and during pregnancy (Behavior
Risk Factor Surveillance System, The National Survey on Drug Use and Health, the
PRAMS, the National Maternal and Infant Health System), the NBDPS assessed alcohol
exposures comprehensively using eight contiguous time spans, the three months
immediately before conception; the three months during the first trimester, and trimesters
two and three of pregnancy.

No previous studies examined maternal alcohol consumption during pregnancy
and risk of choanal atresia in the offspring. Among studies of orofacial cleft, some studies

9 .
. Using

reported an increased risk due to maternal alcohol exposure during pregnancy’
the NBDPS data, weak associations were reported between isolated clefts and all clefts
combined and maternal alcohol consumption (adjusted odds ratio [OR]s were close to
unity), and moderate associations for orofacial cleft defects with other co-occurring major
defects (adjusted ORs ranged between 1.3 and 1.5 for cleft lip with cleft palate and cleft
palate only, respectively)™. Binge drinking elevated the risk of multiple cleft lip with
cleft palate (adjusted OR=1.9; 95% confidence interval (CI)=0.7,5.2), but the association
was not statistically significant™.

Rovasio and Battiato (2002) studied the role of ethanol on chick embryos and
found developmental disruptions among exposed embryos that frequently resulted in
cephalic and or facial anomalies'. Specifically, in vitro exposure to alcohol was

associated with significant and permanent changes in neural crest cell shape, surface

morphology, apoptotic cell death, cytoskeleton, distance and velocity traveled, as well as
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with abnormal pattern of migration, all of which supports the molecular theory of
abnormal neural crest cell patterns in the etiology of choanal atresia’. A more recent

133 examined the role of gene-environment interactions associated with ethanol on

study
cranial neural crest cell development and migration among ten-day old rat embryos.

Findings showed that ethanol affected oxidative defense genes and genes involved in
neural crest cell development and down-regulated cranial neural crest cell Hox genes;

thus, the null association noted between alcohol exposure and choanal atresia may be

further modified by genetic factors.

Caffeine

Maternal intake of 3 or more cups of coffe per day showed a modest, positive
association with isolated choanal atresia. A significant dose-response relationship was
identified for higher levels of coffee intake (cups/day) and risk of all choanal atresia cases
combined and isolated choanal atresia cases only (Cochran-Armitage Test of Trend p
value=0.03); however, the test of trend was based on a small number of cases.
Examination of total caffeine intake from coffee, tea, and soda combined (300 mg per
day or more) did not show an elevated association. Attenuation of risk from combined
caffeine sources may in part be due to the anti-oxidants present in tea, but most coffee
drinkers (24 out of 31) in the current study reported no exposure to tea. Risk of choanal
atresia among tea-drinkers alone was difficult to estimate due to small number of
reported tea drinkers who were not exposed to caffeinated coffee (n=8). Interactions
between caffeine and periconceptional cigarette smoking and alcohol consumption were

examined in the current study, with the limitation that detailed exposure for caffeine was
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queried for the year before pregnancy with only difference in overall caffeine
consumption (more, less, or same) collected for the periconceptional period.

Physiological changes during pregnancy may affect caffeine consumption (e.g.
nausea and vomiting). A recent prospective cohort study of newly pregnant women from
2000 through 2004 found symptoms of nausea and vomiting were common in the first
trimester, and are dependent on maternal age, race/ethnicity, and gravidity'**. Second,
women who planned their pregnancy may have reduced their caffeine intakes compared
to their counterparts. In the current study, pregnancy intention was examined as a
covariable in multivariable models, but was not retained in the final model as removing it
did not change the effect estimates by more than 15%.

Exposure assessment for caffeine in the current study was from maternal self-
reports, and the accuracy of the quantity of caffeine intake may have varied among case
and control mothers given the retrospective nature of the interview. Questionnaire items
on caffeine were unable to capture detailed information on the strength of the caffeinated
beverages and specific times during the year these beverages were consumed. The
serving size and caffeine content of the beverages reported to have been consumed may
have varied, producing potential exposure misclassification. Also, caffeine from
medications, weight loss supplements, and other dietary exposures (e.g., chocolate) were
unable to be assessed due to the infrequent reports of each exposure.

No previous studies reported on the association between caffeine intake one-year
before pregnancy and risk of choanal atresia in the offspring, but the association between
maternal caffeine intake one-year before pregnancy and orofacial clefts was examined

using NBDPS data'>’. A moderate level of caffeine (100-199 mg/day) intake from coffee,
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tea, soda, and chocolate combined during the year before pregnancy was significantly
associated with both isolated and multiple orofacial clefts (adjusted ORs ranged between
1.2 and 1.6), but not a higher level (> 300 mg/day). In contrast to the current study, a null
association was found between isolated orofacial clefts and high (3 or more cups per day)
intake of coffee (adjusted OR=0.9; 95% CI=0.7,1.1) for cleft lip with or without cleft
palate and for cleft palate only (adjusted OR=0.7; 95% CI=0.5,1.1). Further, a positive
association was found between orofacial clefts and high (3 or more cups per day) intake
of tea and multiple cleft palate only (adjusted OR=2.4; 95% CI=1.3,4.6). Another study®’
using data from hospital, surgical, clinical and office records of participating institutions
and physicians from selected regions of greater Boston, Philadelphia, and Toronto
compared mothers of infants with orofacial clefts to mothers of infants with other birth
defects, and reported an elevated but nonsignificant risk for cleft lip with or without cleft
palate among mothers who consumed at least 400 mg/day of caffeine. The effect estimate
for cleft lip with or without cleft palate (adjusted OR: 1.4; 95% CI = 0.7, 2.9) was similar
to that found in the current study for all cases of choanal atresia combined (adjusted
OR=1.21; 95% CI =0.63, 2.32).

Caffeine is fat soluble and can readily cross the placenta®. The pharmacokinetics
of caffeine are further affected by other factors such as exercise, altitude, menstrual
cycles, contraceptive use, diet, and smoking™. A role of residual confounding from other
unmeasured factors associated with high intake of coffee and choanal atresia cannot be
ruled out. For example, high intake of coffee has also been associated with decreased iron

. 156 . .. . ..
absorption ", but there was no significant association between iron and choanal atresia in



80

the current study. Higher intake of iron has been associated with a decreased risk for

orofacial clefts’®.

Nutrition

No association between choanal atresia and intake of important macro-, micro-,
and mineral nutrients was identified except for vitamin A, B-12, pantothenic acid, and
zinc. Lower intakes of pantothenic acid and vitamin A were shown to confer reduced risk
for isolated choanal atresia, whereas , high intakes of vitamin B-12 and zinc were found
to significantly increase the risk for all choanal atresia cases combined, but not isolated
choanal atresia. Further higher quartiles of intake of total folate were found to decrease
the risk of choanal atresia among isolated choanal atresia cases only, although the
association was statistically nonsignificant. The protection offered by folic acid through
fortification of the U.S. Food supply during the study period is unknown.

A short-version of Willett Food Frequency Questionnaire (FFQ) was used to
assess maternal dietary patterns one-year before pregnancy in the current study, but there

128,157-159

were limitations in the FFQ . The questionnaire instrument was not internally

validated for NBDPS; however, it has been shown that the FFQ provides reasonably

159, Also, maternal

accurate estimates of dietary intake by women in the distant past
reports can only reflect the intake levels and not the tissue-dose levels, as each individual
mother may have absorbed and metabolized the nutrients differently. In addition, there

could have been unmeasured variability in exchange of nutrients between the mother and

fetus in the current study sample.
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No previously published studies were identified that examined the relation
between maternal nutritional intake and choanal atresia in the offspring, but the
association has been well-examined in relation to orofacial clefts, as reviewed by Krapels
et al. (2004)”®. A population-based study found that higher intakes (over 95 percentile)
of vitamin A protected against isolated cleft defects compared to moderate intakes (40"-
60™ percentile)'®. Using data from the NBDPS, Shaw et al. (2006) found a null
association between high intakes of zinc and cleft lip with or without cleft palate, or cleft
palate alone”. Another study from Poland noted an increased risk of oralfacial clefts

11 The current

among mothers whose whole blood levels of zinc were close to deficient
study results do not concur with any one of these above mentioned studies on orofacial
clefts.

Nutrition is known to be associated with maternal immunity, as deficiencies of
proteins, zinc, iron, copper, selenium, vitamin A, vitamin E, and vitamin C have been
noted to predispose women to various infections during pregnancy'®®. Conversely, studies
on orofacial clefts in the NBDPS found an increased intake of total protein, alanine,
choline, methionine, cysteine, and a majority of single micronutrients to be associated
with a decreased risk of cleft lip with or without cleft palate (crude analyses), and
increased intake of iron (OR=0.52; 95% CI=0.18,1.54) and riboflavin (OR=0.45; 95%
CI=0.15,1.33) was associated with a marginally decreased risk of cleft lip with or without
cleft palate (adjusted analyses). Further, increased intakes of folate (OR=0.79;
95%CI1=0.43,1.46), vitamin B-12 (OR=0.64; 95% CI=0.35,1.15), and zinc (OR=0.67,
95% CI=0.35,1.28) decreased the risk of cleft palate marginally (crude analyses) among

infants delivered to women who did not use other vitamin supplements®®. High intake of
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zinc decreased the risk of isolated oral clefts (children without additional major defects or
known syndromes) in a different study population reported by Tamura et al. (2005)"®.

A review of the effects of vitamin A on fetal development in animals and humans
showed that both low and high intakes of vitamin A were associated with optimal fetal
development'®. In their review, Finnell et al. (2004) discussed the importance of
nutritional factors, including endogenous retinoids, in normal craniofacial and neural
morphogenesis'®. Also, they suggested that the pathogenesis of retinoid teratogenesis
was attributed to disturbances in one or more of several embryologic mechanisms to
alterations in cell proliferation, pattern formation, cellular induction and differentiation,
neural crest cell migration, apoptosis, or induced inflammation. Further, they concluded
that these effects were further modified by select gene variants. Specifically, different
retinoid compounds were shown to serve as ligands for several different receptor
subtypes expressed in the developing embryo. An experimental study confirmed the
occurrence of choanal atresia and other malformations of nasal cavities in knockout mice
with suppressed retinoic acid synthesis®. The retinoic acid receptors (RARs) and retinoid
X receptors (RXRs) are ligand-dependent transcription factors, which reportedly interact
with retinoic acid intake and contribute to its teratogenicity'®>'®. A subtype of RAR,
called RAR-y was associated with posterior truncation anomalies and mediated cranial
malformations in some animal models'®’.

Active placental transport of zinc and other micronutrients from the mother to the
fetus are well established'*®*'®. Dietary zinc deficiency has been associated with sub-
optimal fetal outcomes and disturbances in copper and iron metabolism, reduction in high

density lipo-proteins, and overall immunity'™’, but literature on teratogenicity associated



83

with high doses of zinc is limited. The homocysteine pathway has been associated with
riboflavin, folate, pyridoxine, cobalamin, and zinc, where the stated nutrients act as
cofactors or substrates (reviewed by Krapels et al. 2006)'”". The potential influence of
zinc deficiency on orofacial clefts has been proposed to be either direct or by de-

172,173

regulation of genomic stability , which need to be examined in relation to high

doses of zinc intake and choanal atresia.

Medications

Findings from the current study suggest a significant association between all
choanal atresia cases combined and maternal use of anti-infective UTI agents.
Methimazole, a thianomide taken as an anti-thyroidal medication during pregnancy, has
been associated with an increased risk of choanal atresia in some hospital-based
studies™'"", but there were no larger population-based studies to further support this
finding. The current study was unable to examine thianomides (e.g., propylthiouracil,
methimazole, or carbimazole) and choanal atresia because no case mother reported
periconceptional use of anti-thyroidal medications.

Medication exposures were self-reported, including timing, dosage, and frequency
of use, and the NBDPS was unable to validate medication use using medical chart
review. Maternal illness was obtained by chart reviews, which may not capture use of
over-the-counter medications. Detailed information on infections was not assessed. For
example, reports of UTIs may include specific conditions such as asymptomatic
bacteriuria, acute cystitis, and pyelonephritis. UTI agents were further examined by anti-

septic drugs (nitrofurantoin, nalidixic acid), antimicrobial drugs (ampicillin, cefalexin),
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and drugs for genital infections (clotrimazole, metronidazole) but there were no exposed
case mothers. No previously published studies have examined the role of UTI
medications on the risk of choanal atresia. Those that have examined UTIs and birth
defects have produced mixed results'”*'”. Additionally, medications associated with an
increased risk of clefting, corticosteroids'®, anti-epileptic drugs'®’, non-steroidal anti-
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inflammatory agents (NSAIDS)'%, and folic acid antagonists'”’,were not reportedly used

by mothers of choanal atresia cases in the current study.

Strengths and Limitations for Aim 2

The current study had several strengths. The NBDPS is the largest birth defects

study covering almost 10% of births annually in the U.S.'*

, offering a geographic
advantage in identifying a rare birth defect like choanal atresia. Active surveillance
approaches using multiple source ascertainment minimized referral-bias, a common
problem reported in previous hospital-based studies of choanal atresia. Case specificity
was established by systematic review for both choanal atresia and co-occurring birth

127

defects ', and risk factors could be examined in a homogenous sample of choanal atresia

cases. Additionally, the NBDPS controls were representative of the live births in each
catchment area' .

With regard to exposure data collection, the study used a computer-assisted
telephone interview that was developed and validated by experts in the field and pre-
tested. Study response rates were improved through multiple attempts to reach and enroll

eligible subjects. Standardized prompts and exposures specific to different time frames

during pregnancy aided mothers to identify and recall risk factors. A large number of
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exposures were measured, thus making it possible to statistically adjust for confounding
in the analysis. In summary, the NBDPS database provided the largest and most
comprehensive dataset available to study a rare birth defect such as choanal atresia. The
ongoing nature of NBDPS will allow re-evaluation of risk factors.

There are some limitations to studying risk factors for choanal atresia using
NBDPS data. Not all participating centers conducted active surveillance of stillbirths and
elective terminations due to issues in tracking birth defects prenatally and state laws
prohibiting release of such information; however, this should not have had considerable
impact on study results as choanal atresia has not been associated with early fetal loss.
Another limitation of this study was the retrospective nature of the case-control study
design, which may have led to a potential for differential recall among case and control
mothers; however, the median time from birth or expected date of delivery to interview
was similar for case and control mothers. Mothers of both case and control infants who
were in foster care were excluded. It could be that these mothers were more likely to be
exposed to heavy smoking, drinking, and caffeine use and sub-optimal nutrition before
and during pregnancy, but given the very small proportion of such mothers, the current
study estimates were not expected to be materially influenced. Further, it was not
possible to ascertain the reasons for foster placement of infants in NBDPS. Lastly,
selection bias may have occurred if mothers who participated in the study had different
health behaviors compared to mothers who elected not to participate in the study,

although the demographic characteristics of the two groups did not differ significantly.
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Conclusions

The prevalence of choanal atresia in lowa was similar to that reported in other
population-based studies among predominantly non-Hispanic white populations. Choanal
stenosis was more prevalent in lowa compared to choanal atresia. The two defects were
sometimes misclassified in the absence of confirmatory computerized tomographic or
endoscopy results. No significant differences were noted for infant and maternal
characteristics between the two defects. Such population-based surveillance prevalence
estimates will better quantify the burden of the two defects, and allow for resource
allocation, focused counseling, and treatment options to affected families.

The current study is the largest and most comprehensive study on risk factors for
choanal atresia to date. Screening for smoking, alcohol, and caffeine use among
reproductive-age women can help to identify high-risk pregnancies and prevention
strategies. Public health campaigns and health care providers already promote a well-
balanced diet for women in the reproductive years, but can further increase awareness
about optimal intake of folic acid, other vitamin supplements, and micronutrients.
Finally, increasing awareness among both health care providers and reproductive-aged
and pregnant women about restricting undue use of over-the-counter or prescription

medications can help to reduce the risk of choanal atresia as well as other birth defects.

Recommendations

The results from the current study were exploratory, and the findings can be used
to direct future hypotheses on the etiology of choanal atresia. There were limitations in

the statistical power of the study findings due to the small sample of cases; and an even
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smaller sample when restricted to isolated cases. This limitation can be addressed in
coming years as more data become available within NBDPS or other registry-based
studies. Re-analyses and confirmation of both significant and null associations noted in
the current study are recommended in future population-based analyses. A detailed
analysis of the effect modification between smoking and alcohol is also warranted in a
larger sample of cases. Additionally, the association between maternal nutrient intake and
their interactions with folate and vitamin supplements and the risk of choanal atresia in
the offspring needs further evaluation as does evaluation of genetic polymorphisms in
association with smoking, alcohol, caffeine, and nutrition need to be assessed in choanal
atresia etiology in future studies. Lastly, there is a need to further explore the association

between individual anti-infective UTI drugs and choanal atresia.
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APPENDIX A

NBDPS CLINICAL CLASSIFICATION FOR BIRTH DEFECTS

Review infant
data

v

| Case definition criteria met? |
Ye‘s/ \\No

Single-gene condition or chromosome I Exclude fromm NBDFS
abnormality previously diagnosed?

e N
Genetic Syndrome Exposure to known

Exclude from NBDFS teratogen and observed
defect(s) strongly associated

with exposure?
YE;E/ w{)

Teratogenic How many major
: ———————
Syndrome defects are present?

[may wish 1o analyze separabely)
:;V \1‘
Are all defects of the Isolated

same organ, organ
system or body part?

NE/ \‘r;es
Are defects

pathogenestically related?

N E/ \-"‘es

Does reviewer strongly Is defect of

suspect a syndrome interest primary

of known etiology? or secondary?
‘re‘s/ \[10 F-‘n'maV \%econdaw
Syndrome Previously | Isolated | Exclude from
Exclude from described analysis
analysis pattern present?
v~ N\

Multiple — Previously Multiple — Pattern Not

Described Pattern Previously Described

{may wish 1o analyze separataly)

Summary of the process of determining whether an infant has the defect of interest as an isolated
defect, as one of multiple congenital anomalies, or as component of a syndrome, The National
Birth Defects Prevention Study.
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NBDPS QUESTIONNAIRE SECTIONS
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ST N A N I | A
RECORD......01 SUBRECORD #...........00
BLANK.................|:|

FORM...........01 VERSION....o.oo 311

National Birth Defects
Prevention Study

Mother Questionnaire
CATI Version 3.11

Centers for Disease Control and Prevention
U.S. Department of Health and Human Services
Public Health Service

November 2, 2001

Information contained on this form which could permit identification of any individual or
establishment has been collected with an assurance that it will be held in strict confidence by
the contractor and CDC, will be used only for purposes stated in this study, and will not be
disclosed or released to anyone other than authorized staff of CDC without the consent of the
participant in accordance with Section 308(d) of the Public Health Service Act (42 U.5.C. 242m).

Fublic reporting burden of this collection of information is estimated to averagse 1 hour perresponse, including the time for reviewing
instructions, ssarching existing data sources, gathsring and maintaining the data nesded, and completing and mviewing the collsction of
infarmation. An agensy may not conduct or sponsor, and a person i not required to respond to a collection of infarmation unlsss it
displays a curently valid OMB control numbsr. Send comments regarding this burden estimate or any other aspect of this collection of
infarmation, including suggestions for redusing this burdsn to DHHS Reports Clearance Cfficer; Papsrwaork Reduction Project
{0920-0010%; Am 531-H, H.H. Humphrey Bidg. 200 Independsnce Ave., SW, Washington, DC 20201,
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SECTION E: TOBACCO-MOTHER

E1. The next questions are about tobacco use. Did you
ever smoke cigarettes?

E2. At any time fram (-3) ta (DOIB), did you smoke
cigarettes?

E3. During which months did wou smoke?

CIRGLE FOR EACH MOMTH. D0 NOT CODE SHADED AREA.

[ == R—

MO ...

WES i

(SKIP T ES).
e (SKIP TO ES v

T —
o (SKIP T B e
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E4.

During (SPEGIFY MONTH)
about how many cigarettes
did you smoke a day?/Did

you continue to smoke that

YES many cigarsttes through
(45K (LAST MONTH STATEDN?
k=] E4] 2 DK
= 2 8 | Lypay
/DAY .. .
2A4DAY . .03
s PACK (514}, W4
1 PACK(15-24) . .08
112 PACK (25-34) .06
2 PACK (35-44) .07
=2 PACK........ 08
DK ... .8
B2 1 2 8 | .upay
TIDEY e o .
2-4/DAY . .03
12 PACK (5-14) . .04
1 PACK(15-24) . .05
1% PACK {25-34) . 0e
2 PACK (35-44) .07
=2 PACK........ .08
DK. .. .08
1Y 2 f | apar.
/DAY ...
ZADAY v
12 PACK (5-14) ..... .
1 PAGCK(15-24) . .
11z PACK (2B-34) ]
2 PACK (35-44) .
=2 PACK........
1]
F1 1 2 g <1DAY
/DAY ...
2ADAY . .
12 PACK (5-14) . .
1 PACK(15-24) . .
112 PACK (25-34) 06
2 PACK (35-44) .07
=2 PACK........ .08
1] .08
= ! 2 S P .
1/DAY ... .
2A4DAY . .03
12 PACK (5-14) . .04
1 PACK{15-24) . L0E
112 PACK (25-34) .06
2 PACK (35-44) AT
=2 PACK........ 08
1] LA .08




MO

hj =]
(ASK
E4)

MO
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E4.

During (SPECIFY MONTH)
abut how many dgarsttes
did you smoke a cay?/Did
wou continue to smoke that
many cigarattas throogh

(LAST MONTH STATED)?

P3

T2

55

55

14

DAY e e O
DAY ...
2A4DAY .
12 PACK (5-14)
| PACK( 15-24) ....
112 PACK (25-34)
2 PACK (35-44)
=2 PACK..... .

T - RN |
LT O -
- ADAY .
1 PACK (5-14)
1 PACK{15-24) ...
11: PACK (25 24)
2 PACK (35-44) ...
=2 PACK..... .

T - RN |
1/DAY ... .02
Z-ADAY .
v PAGCH [5-14)
1 PACK(15-24)
112 PACK (25-34)
2 PACK (35-44)
=2 PACK.....




TOBACCO-HOQUSEHOLD

EE.  Did arvone in your household smoke cigarettes in
your home between (-3) and (DOIB)?
ES.  During which months did someone smoke in your home? cirecLE
FOR EACH MONTH. DO NOT CCODE SHADED AREA.
TOBACCO-WORKPLACE
E7. Did aryone smoke cigarettes near wou ata
workplace or schoal you may have attended during
that vear?
ES.  During which months from (-3) to (DOIB) did someone smoke near

vou at work/school? CIRCLE FOR EAGH MONTH. DO NOT CODE SHADED
AREA.
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e

ASKIPTOET) o
Mo YES NO DK
B3 1 2 3
=H] | 5 &
Bl 1 2 3
P 1 2 g
P2 1 2 a
P3 1 2 g
T2 1 2 a
T3 1 3 2

P ASKIPTOFl o

A SKIPTOF1 )
Mo YES O DK
=] 1 3 E:
B2 1 2 a
El 1 2 8
Fi 1 2 a
P2 1 2 8
P3 1 2 a
T2 1 2 3
T3 1 2 3




SECTION F: ALCOHOL

Fi. MNow I'm going o ask you some questions about
drinking alcoholic beverages. We define an
alcoholic drink as one beer, ong glass of wine, one
mixed drink, or one shot of liquor. Betwsen (-3) and
(DOIB), did you drink any wine, beer, mixed drinks

or shots of liquor?

94

F2. F3. F4. Fa.
During which months did you | In the (3™2"1st month On those days that you | What was the greatest
drink any alcohalic hefore pregnancy, drank alcoholic numibar of drinks you
beverages? CIRCLE FOR 1¥2" 3™ o™ manth of beverages, on average, | had on one occasion
EACH MONTH. DO NOT pregnancyy, on average, how many drinks did in {(MONTH)?
CODE SHADED AREA. how many days did you you have per day? (D = @8]
drink alcoholic beverages? (DK = 28 (RF =497)
DK = 98] (RF=87)
{RF = 87}
MO YES MO DK
(5K (NXTD  [MXT)
F3-F5) #DAYS # DRINKS # DRINKS
B3 1 2 a | |
B2 1 2 a | |
E1 1 2 E] | |
P 1 2 ] l l
F2 1 2 E] | |
P3 1 2 ] | |
T2 1 2 E] | |
T3 1 2 ] | l
FG.  ©Onthe days that wou drank alcohol, what
typais) of aleohal did vou usually drink?
READ CHOICES. ES MO Dk
b WINE. 2 8
c. Mixeddrink ... . 2 3
d. Shot IQUor ... 2 8
@ Otheralcohal . 2 ]

SPECIFY:
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CAFFEINE

The next questions are about caffeine. We will be asking you about your average use of coffee, tea and soda during the
year before you became pregnant with (WOIB).

D19 How many cups of caffeinated or regular coffee did MEVER CR = ONCE FER MONTH...
wou usually drink? 1PER MONTH oo
2 PER MONTH ...
3 PER MONTH

1 PER WEEK __
2 PER WEEK ..
3 PER WEEK ..
4 PER WEEK ..
5 PER WEEK ..
G PER WEEK ..
1 PER DAY..
2 PER DAY ..
3PER DAY..
4 PER DAY ..
S PER DAY ..
G+ FER DAY
RF......
DK ...

D20, How many cups of caffeinated or regular tea did MEVER CR < OMCE FES MONTH.
you usually drink? 1 PER MONTH...
2 PER MONTH...

3 PER MONTH

1 PER WEEK ..

2 PER WEEK ..

3PER WEEK ..

4 PER WEEK ..

5 PER WEEK ..

@ PER WEEK ..

1 PER DAY..

2PER DAY ...

3IPER DAY ...

4 PER DAY..

5 PER DAY..

@+ PER DAY

=1

DK e




Dbz1.

Did you drink sodas or soft drinks? = —
. KIP TO D26

W[ SKIP TO D26

FOR EVERY BRAND ANSWERED IN D22, ASK D23 AND D24, UNLESS SKIPPED BY PRECODES:

7 up (SKIF D24) = D1

AW cream soda (SKIF D24) =02
AEW root besr (SKIP D24)
After the Fall spritzers
(SKIP D24) =04

Earg's rowt beer (SKIP D24) =08
Black chemy soda =08
Cheerwine [SKIP D24
Cherry T-up (SKIP D24)
Cherry coke (SKIP D24) =
Cherry soda = 10

Grearly Canadian (SKIP D24) = 11
Club soda (SKIF D23 & D24) =12
Coke=13

Cola, NOS = 14

Cranbermy gingsr ale (SKIP 024) = 15
Cream soda, MOS =18

Dret Rite cola SKIP D23 2 D24) =17

T
0
[

W

Diet Rite (fruit flavers) (SKIP D23 & D24) =12
Dr. Browmn's(all flavors) (SKIP D24y = 10

Cr. Pepper (SKIP D24)=20
Fanta (all flavers) (SKIP D24) = 21
Fresca (SEIF D22 & D24) =22
Ginger ale (SKIP D24)= 23
Ginger beer soda, NOS = 24
Grapefrult soda, NOS = 28
Hires root besr {SKIP D2
B black chsmy (SKIP 02
BC cherry cola (SKIP D24)
BG cream soda (SKIP D24) = 2
EC roct beer (SKIP D24) = 30

Jarritos sodas (@l flavors) (SKIF D24) = 31

Jolt cola (SKIP D24) = 32

Josta = 33

Fonudsen sparkling juices (SKIF D24) =34

Lemaon/lime soda, MO3 = 33

Bellow yelow (SKIP D24) =38

Pountain dew = 37

Bdr. Pibb (SKIP D2

Mugrape (SKIF D24)

CDrange crush (SKIP D24) =40

3

2

Crange soda. NOS =41

Pepsi = 42

Cuinine water (SKIP 023 & D24) =43
RGC cola (SKIP D24) =44

Root beer, MOS =45

Shies (SKIP D24) = 48

Sparkling water flavors (SKIF D24 =47
Sirite (RKIP D24}
Saquirt (both Favors) (SKIP D24) = 40
Strawberry soda = 30

Sun-drop (SHIP D24)= 51

Sunkist fruit punch (SKIF D24) = 52
Sunkist orange (SKIF D24) = 53
Surge = 54

Tab (SKIP D22 & D24} =55
Tahiian freat = 35

Tenic water (SKIF D23 & D24) = &7
Wild cherry Pepsi (SKIP D24) = 58
Wink (SHIP D24) = 52

‘Yzohoo Choc. (SKIF D24) =60
Other, specify = 61

D22

What brand(s) or types did
you usually drink?/&nything
else?

LIST ALL. USE PRECODED
SODA LIST TO PROEBE. IF
TYPE OM LIST IS KNOWN TO
HAWE CAFFEINE OR EE A
DIET DRINK, THOSE
SELECTIONS WILL SKIP QVER
D23 AND/OR D24

D23,

Is (BRAND) diet?
free?

Dad.

Is (BRAND) caffeine

025,

How many (cans/glasses/
bottles) of (BRANDS) did
you usually drink?

DK =08

W =

NEVER QR LESS THAN
TFER MONTH e 0

@Ry -
1

RMONTH. . -
RMONTH .

MTMTOTOU O OO0 OTNTOTOTM

T T T TR T

96



D22,

What brand(s) or iypes did
you usually drink?/Anything
glse?

LIZT ALL. USC PRCCODCD
SODA LISTTC PRIBE. IF
TYPE OM LIST 15 KNOWNTO
HAVE CAFFEIME OR BE &
DIET DRINK, THOSE
SELECTIONS WILL SKIF OVER
D23 ANDVCR D24

D23

Is (BRAMD) diet?

D24,

Is (BRAND) caffeine
froo?

D25,

How many (cans/glasses!
boftles) of (BRAMDE) did
youl usualy drink?

1
.2
N

o =

MEVER ORLESS THAMN

1PER MONTH ...
1 PER MONTH. .

2 PER MOMNTH. o 2M
IPER MONTH e 3

1 MCR WECK ..
2 PER WEEK
3 PER WEEK
4 PER WEEK
SPERWEEK ..
BPERWEEK ...
1

- PER DAY ...
Dk = 92 2 MCRDAY....
3 PER DAY .
4 PER DAY ..
5 PER DAY ...
G+ PER DAY .
RF ...
.| MEVER QRLESS THAMN
.2 1PER MONTH ... D
.8 1 PER MOMNTH. M
2 PER MOMNTH. 2
3 PER MOMNTH. A
| FER WESK W
2 PER WEEK LW
3 PER WEEK CIW
4 P=R WEEK AW
5 PER WEE CEW
G PER WEEK LBW
nic = o 1PE?E.F\'T'... 1D
zPER DAT.... .20
3 PER DAY . i
4 PER DAY .. 4D
5 PER DAY ... .5
G+ PER DAY . ao
RF ...
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D26.

D27,

D23.

When you were pregnant with (NOIB) did you drink

more, the same, less, or no caffeinated coffee?

When you were pregnant with (NOIB) did you drink

more, the same, less, or no caffeinated tea?

When you were pregnant with (NOIB) did you drink

more, the same, less, or no caffeinated sodas?

98

IO e

Same......
Less. .. ..
Mone..

O oo

IO e

Same......
Less. .. ..
Mone..

O oo

Mors ...
Same......
Less. .. ..
Mone..

O oo
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SECTION C: PREMATAL VITAMINS

01,  Between (-3) and (DCIB), did vou take any T

ey {SKIP TO D2)
Dre'mtal'ﬂtan“ns e (BRIF TODZ)

FOR FACH WITAMIN ASK DMLLTO MMas I VOLEGFT FXACT NATES 1M Dbk AND Mier, SKIP DAdd

D1aa. C1bh. D1cc. Oidd. Dlee.
What did you take” | Between (-3)and When did vou stop using | How long did vou How often did you
I anything else? DOIB, when did (PREMNATAL VITAMIN)? take it? use the prenata
PROBE WITH you start using O vitamin?
CHART BELOW. (PREMATAL
LIST ALL. YITAMIN)?
DURATICN FREQUENCY
A, [ | |
| [ CC MM Ch OK = 23 CH = 38
DAY'S) 1
WEEK(3) L2
Y o MONTHE) e 3
B
Q LI Ll ] LLal L1 ] L1 ]
DK e MM OO MM CD DK =83 CK =28
DAY'S). .1 |PERDAY .1
WEEK|E) .2 | PER WEEK.........2
oo o MORTHIE oo 3 | PER MOMTH. ... 3
e e PER YEAR... .4
. -
O [ | L] L] L1
L ——— MM nn MM nn Ne = i3 TH = &R
PERDAY .1
PER WEEK ..........2
ey PER MONTH. .......... 3
R A PER YEAR.. .. .4

FROBZ FOR D1aa:

IF CANMOT RECALL, READ LIST:Was it (READ LIST)?

Fampren Forte SartMatal 1 +1
Matema Stuart Matal Plus
Matalins Zenate

Natalins Rx

Mifereg PN PREMATAL VITAMIN, NOS

Prenae 90




100

SINGLE VITAMINS

D2 Mow | want to ask you about some single vitamins
and minerals. Between (-3) and (DOIB), did you
take any of the following single vitamins or

minerals? YES HOD Ok
a0 WVItamIn A e 1 2 B
Do REtinol . e 1 2 B
C. Betacarotens . ..o 1 2 g
d. BeOMPIEXES ..o 1 2 B
. BB e 1 2 B
L= USSR 1 2 ]
Q. FoOlCaCid e 1 2 ]
R WVIRAMIN G 1 2 B
Lo VAN D 1 2 B
oo WIRAMIN B e 1 2 ]
B IR e 1 2 ]
Lo CAICIUM e 1 2 B
T ZINE o e 1 2 g
M. SEIEMIUNM e 1 2 g

FOR EACH YES, ASK D2aa-D2dd. IF ALL NO OR DK, SKIP TO D3.



EXACT DATES TO D2aa AND D2bk, SKIP D2ce.

D2aa.

Between (-3) and
DOIB, when did you
start using
(VITAMIN)?

D2hbi.

When did you stop
using (VITAMIMNGT
OF:

DZcc.

How lomg did you
fake it?

DURATION

D2dd.

How often did you
use the vitamin?

FREGQUENCY

FIRST VITAMIN

WA DD

YrYY

MM oo

Y

D¥ =88

DK =88

PER DAY ....ccoeec 1
PER WEEK

PER MONTH.. .
PERYEAR ...

SECOND VITAMIN

M oD

YYYY

AN oo

VY'Y

DK =983

D =88

PERDAY .1
PER WEEK
FER MONTH..........
PERYEAR ...

THIRD VITAMIN

WA oD

YYYY

MM oo

YN

D¥ =88

DK =83

PER DAY w1
PER WEEK ...
PER MONTH. ...
PERYEAR v

T b

FOURTH VITAMIN

M DD

Y

MM Co

Yy

[

MONTH{S) oo

Dk =03

PERDAY .1
PER WEEK

PER MONTH.. .
PERYEAR ...
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MULTIVITAMINS

Di.

(Other than prenatal or single vitamins, between
(-3} and {D2IB), did wou take any multivitamins or

witamin complexes?

FOR EACH VITAMIN ASK D5 TO D8. IF GET EXACT DATES IN D5 AMD DE, SKIP D7.

D4, D5 D&. D7 Da.
What did you take? | Between {-3) and When did you stop using | How long did you Howe often did you
PROBE: Anything DOIE, when did (VITAMINGG take it? use the vitamin?
elsa? Do you you start using OR:
remember the (VITAMINYZ
brand name?
LIST ALL IN CHART.
DURATIOM FREQUENCY
MM OC MM DD Ox =28
T | -1
YYYY YYYY i
MM OC MM DD DK =08 OK = 28
S N | -1
= = 3
YYYY YYYY 3
MM DD MM DD DK =08 DK =2
T (= R .
DKD WEEIE:S:I .3
T YT MONTH(Z). i
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MEDICATION

B105. We are interested in some medicines that you may have taken between (-3) and (DOIBWDOFT). These weuld
include preceriction and nonprescripion madicines. Some of these medicines we may have already discussad.

Between (-3) and (DOIB)DCIPT), did you ake any of the following medicatiors? READ CHOICES.
(IFNOCRDKTOALL, SKIP TS B110).

YES MO Ok

o0 TWIENGL OF 1 2 E
B DaTil, OF e 1 2 8
C AcetaminoDien. ... 1 2 E
Co AVl OF o e 1 2 8
€. MO, O 1 2 8
f  Muprin, or.. 1 2 1
c. lbuprofim. 1 2 3
P Wellbufrin, or. . 1 2 E:
Lo Zyban. 1 2 3
B0 DIRNRIN, O e e 1 2 8
k. Phenytoin . 1 2 E:
Lo Pondiming, or.. .o 1 2 3
m. Reduws 1 2 3
I OO, O e 1 2 8
. Misoprostol 1 2 3
. 1 2 3
C. 1 2 3
r 1 2 3
5 1 2 3
1 1 2 3
L. 1 2 3
V. 1 2 3
W. 1 2 3
ke 1 2 3
Y. 1 2 3
) 1 2 3
za. Micoting GUM NOS . e 1 2 8
kb, Valproic Acid.. . 1 2 &
CC. DEallim e e 1 2 8
cd. Methotrexate . 1 2 3
e2. Belween (-3) and DOIB did youtake any

medIcanans, remedies, o reatments nat we

haven't already talked about? For example,

medications for asthma, allergies, STDs. or

HINAIDS? SPECIFY 1 2 3
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B1046.

Between (-3) and (COIB,
when did you start using
(MEDICINE)?

IF A MEDICIMNE O™ THE LST
WAS ALREADY REPORTED,
ASK: atwhzt other times
besides (USE DATETO
DATE) did you use
(MEDICINE )*

B107.
When did vou stop

using {MECICINZ)?
On:

IF GETEXACT

DATESIM E106 AMD

B107. SKIP B10&.

B10E.

How long did
you take 17

B103.

How often did
yoL use
(MEDICATION?

TYPE OF MEDICINE DURATION FREQUENCY
MM DO WK DD DK = = D =38
1| PERDAY .1
- - i | PERWEEK .2
bk hiakt MONTH[E] ... ; MeR :fIGN_I- . E
FER YEAR __._.4
MM 0O o] DD 0K = C& DK =38
a
= DAY(Si .. ... 1 | PERDAY_ .1
_ _ WEEKIS).........i | PERWEEK ._._.Z
e e MONIBS) s | FEFMONIE s
FER YEAR 4
MM DD W DD 0K = 26 DK =35
3
DAY(Si....... PER DAY ..........1
- WEEKIS]... FER WEEK 3
et (AR MONTE(S) PER MONT
PER YEAR
MM DD WM [G5) 0K = & Dk =35
L
: DAY(S) ... PER DAY ...
WEEK|Z) RPER WEEK 3
MONTH] FER MONT
PER YEAR ...
WM 0D o [5]) 0K = 2 DK =33
A
DAY(Si.n 1 | PERDAY ...
- - WCLCH3).. . FCRWCCHK.........2
e Y MONTH[S] ...} | PER MONTF .3
PFR YFAR d
RARA nn ik nn Mk = &F NE = 358
f.
DAY(S)..... PER DAY ...........1
- : WEEKS) . . PER WEEH .2
R AL MONTHIS] .5 | FER MINTF .

FCRYTAR ...




TYPE OF MEDICINE

B106.

Between (-3) and (DOIB},
when did you start using

(MEDICINE)?

IF A MEDICINE ON THE LIST
WAS ALREADY REPORTED,

ASK: at what other times

besides (USE DATE TO

DATE) did you use
(MEDICINE)?

B107.

When did you stop
using {MEDICINE)?
OR:

IF GET EXACT
DATES IN B106 AND:
B107, SKIF B108.

B108.

How long did
you take it?

DURATION

B109.
How often did

you use
(MEDICATION)?

FREQUENCY

rIM oo

LLl 1]

Y

(518 oo

rIM Co

] oD

TYrT

LE] oD

YT

B oD

YT

DK ==3

B b

MONTHS) ...

MONTHS). ...

O =35

PER DAY ...
PER WEEK.........
PERMONTH ...
PER YEAR _._._.

[Ny C

DK =33

PER DAY ...
PERWEEK ...
PER MONTH ..
PER YEAR ...

PG by

DK =33

BER DAY .......1
PERWEEK. .. .2
PER MONTH......3
PERYEAR.......&
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