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ABSTRACT 

Choanal atresia is a well-defined congenital malformation; however, little is 

known about its prevalence and risk factors. Data from the Iowa Registry for Congenital 

and Inherited Disorders were used to examine prevalence, infant, and maternal 

characteristics of choanal artesia. Data from the National Birth Defects Prevention Study 

(NBDPS) were used to examine selected risk factors for choanal atresia. Overall 

prevalence was estimated as number of choanal atresia cases per 10,000 live births with 

95% confidence intervals (CI)s. Crude and adjusted odds ratios (OR)s and 95% CIs were 

estimated to investigate selected risk factors. The overall prevalence of choanal atresia 

among live born deliveries in Iowa from January, 1998 through December, 2005 was 

0.46 (95% CI=0.27, 0.78) per 10,000 live births. Using data from the NBDPS, choanal 

atresia cases were compared to unaffected control infants for births from October 1997 

through December 2005. Overall, case infants compared to control infants were more 

likely to be female, preterm, and a multiple birth. For all choanal atresia cases combined, 

odds of high maternal zinc (OR=2.1; 95% CI=1.2, 3.9) and vitamin B-12 (OR=2.4; 95% 

CI=1.4, 4.3) intake in the year prior to pregnancy, and maternal periconceptional (one 

month before through three months after conception) exposure to anti-infective urinary 

tract medications (OR=3.3; 95% CI=1.3, 8.4) were significantly elevated among case 

compared to control mothers. For isolated choanal atresia cases (those with no additional 

major malformations), odds of maternal periconceptional exposure to passive cigarette 

smoke (OR=2.3; 95% CI=1.0, 5.3) as well as maternal intake of 3 or more cups of coffee 

per day one-year prior to pregnancy were increased (OR=2.9; 95% CI=1.3, 6.4) for case 

compared to control mothers. The reverse was found for low maternal intake of 
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pantothenic acid (OR=0.4; 95% CI=0.2,0.9) and vitamin A (OR=0.3; 95% CI=0.1, 0.8) 

one-year prior to pregnancy. The current study provided support for potential associations 

between maternal health behaviors before and during pregnancy and choanal atresia; 

however, the findings were based on a modest number of cases. The study needs to be 

replicated in a larger case sample, also examining the role of genetics in choanal atresia.  
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Choanal atresia is a well-defined congenital malformation; however, little is 

known about its prevalence and risk factors. Data from the Iowa Registry for Congenital 

and Inherited Disorders were used to examine prevalence, infant, and maternal 

characteristics of choanal artesia. Data from the National Birth Defects Prevention Study 
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odds of high maternal zinc (OR=2.1; 95% CI=1.2, 3.9) and vitamin B-12 (OR=2.4; 95% 

CI=1.4, 4.3) intake in the year prior to pregnancy, and maternal periconceptional (one 

month before through three months after conception) exposure to anti-infective urinary 

tract medications (OR=3.3; 95% CI=1.3, 8.4) were significantly elevated among case 

compared to control mothers. For isolated choanal atresia cases (those with no additional 

major malformations), odds of maternal periconceptional exposure to passive cigarette 

smoke (OR=2.3; 95% CI=1.0, 5.3) as well as maternal intake of 3 or more cups of coffee 

per day one-year prior to pregnancy were increased (OR=2.9; 95% CI=1.3, 6.4) for case 

compared to control mothers. The reverse was found for low maternal intake of 
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pantothenic acid (OR=0.4; 95% CI=0.2,0.9) and vitamin A (OR=0.3; 95% CI=0.1, 0.8) 

one-year prior to pregnancy. The current study provided support for potential associations 

between maternal health behaviors before and during pregnancy and choanal atresia; 

however, the findings were based on a modest number of cases. The study needs to be 

replicated in a larger case sample, also examining the role of genetics in choanal atresia.  
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PREFACE 

Epidemiology of rare birth defects is hard to study due to several challenges 

involved in identification of cases. Designing and coordinating a population-based study 

for a modest number of cases is not only difficult, but also hard to justify in terms of 

allocation of funds, resources, and research personnel. But a collaborative effort by ten 

major birth defects surveillance registries in the U.S. has made possible the National 

Birth Defects Prevention Study, one of the largest studies on birth defects epidemiology. 

The National Birth Defects Prevention Study has provided a unique opportunity to 

examine choanal atresia, a rare birth defect, using population-based surveillance. 

Through this research, I have come to appreciate many aspects of design and 

implementation of an epidemiological study, along with the value of a collaborative and 

collective effort made by several individuals towards promoting healthy birth outcomes. 
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CHAPTER I 

INTRODUCTION 

 

Choanal atresia is a well-recognized congenital defect characterized by 

obstruction in the posterior nasal apertures1. As chronicled by Hengerer (2008), this 

defect was first described by Johann George Roederer in 1755, and was later 

characterized as an anatomical deformity of palatine bone by Adolf Otto in 18541. Also 

in 1854, Carl Emmert first successfully corrected choanal atresia using transnasal surgery 

of the palate1.   

Presently, choanal atresia is one of the most common defects involving the nose1. 

It is estimated to affect 1 in 5,000 to 7,000 live births1 and is twice as common in females 

as males2. Overall, approximately one-half of all choanal atresia diagnoses are bilateral; 

unilateral presentation predominantly affects the right nasal aperture3.  

Choanal atresia is the most common indication for early surgical intervention 

involving the nose4. As newborns are obligate nasal breathers, bilateral choanal atresia 

presents as a medical emergency at birth1. Infants with bilateral choanal atresia are at an 

increased risk of presenting with other malformations, particularly cerebral abnormalities, 

developmental delay, and other respiratory conditions, such as laryngeal tracheomalacia 

and subglottic stenosis5. Bilateral choanal atresia has also been associated with long-term 

nasal complications, repeat correction surgeries, and life-long respiratory conditions, such 

as nasal stuffiness, sleep apnea, and rhinorrhoea3,6. Additionally, affected infants with 

either unilateral or bilateral choanal atresia tend to screen positive for genetic syndromes 

and other complex conditions7.  
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Although choanal atresia is the most common cause of nasal abnormality at birth, 

other, less common defects also cause nasal obstruction in newborns. In particular, 

choanal stenosis, the second most common nasal defect in newborns, presents with 

similar symptoms as choanal atresia. Choanal stenosis is characterized by excessive 

growth of the medial nasal process of the maxilla, which causes narrowing or closure of 

the anterior bony part of the nasal passage and leads to respiratory distress in the 

newborn8. Choanal stenosis is differentiated from choanal atresia effectively by using 

computerized tomographic (CT) evidence6. Clinical management of both choanal atresia 

and choanal stenosis is conservative (intubation, ventilation, and stenting) and surgical 

correction is advised only when the obstruction is severe9.  

Over the past century, many case reports and hospital-based studies have been 

published on the clinical characteristics and surgical management of choanal atresia1,7. As 

such, case characteristics have varied widely, because of these small samples. Limited, 

published population-based data are available for the prevalence or descriptive 

epidemiology of choanal atresia10; no published population-based data are available for 

choanal stenosis. Many of the previous case reports and hospital-based studies on choanal 

atresia have not stated their inclusion or exclusion criteria, making it difficult to 

determine their diagnostic specificity. Due to similarity in signs and symptoms between 

the two defects, there is a potential for diagnostic misclassification.   

Because of its rare occurrence, little is known about the role of maternal health 

behaviors during pregnancy in the etiology of choanal atresia. For example, women may 

engage in high risk behaviors, such as cigarette smoking or alcohol use, during the initial 

months of their pregnancies11-13. Both animal and human studies have shown that such 
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exposures during reproductive years can trigger potential teratogenic effects in the 

fetus14-18. Also, high intakes of caffeine during periconceptional period have been shown 

to increase the risk of selected birth defects19-22, whereas energy-adjusted intakes of 

selected macro- and micronutrients may either protect against or increase the risk of birth 

defects23-26. In addition, about one percent of all birth defects are estimated to be caused 

by therapeutic drugs taken close to conception or during pregnancy27. To elucidate the 

role of these well-known risk factors in the etiology of choanal atresia, a population-

based study is needed to examine the association between several pregnancy-related risk 

factors and choanal atresia in the offspring to better understand the etiology of choanal 

atresia, as well as co-occurring birth defects. 

 

Specific Aims  

The current study had two specific aims. These aims were investigated using data 

from population-based Iowa Registry for Congenital and Inherited Disorders (IRCID) 

and other population-based birth defects surveillance systems that are engaged in the 

National Birth Defects Prevention Study (NBDPS), a multicenter, case-control study 

funded by the Centers for Disease Control and Prevention. One aim was to estimate 

prevalence of choanal atresia and choanal stenosis in Iowa and describe the 

characteristics of the affected infants and their mothers. For this aim, data were examined 

exclusively from the IRCID, as not all centers participating in the NBDPS included 

choanal stenosis in their surveillance activities. The second aim was to evaluate 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 
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nutrients one-year before pregnancy in case and control mothers, and choanal atresia in 

their offspring. For the second aim, data were examined from ten centers participating in 

the NBDPS, including the IRCID. 

Aim 1 

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

The first aim addressed the prevalence and descriptive epidemiology of choanal 

atresia and choanal stenosis in a population-based sample obtained from the IRCID. 

Expert clinical geneticist reviewed case diagnoses. Eligible case infants were those with 

an expected date of delivery (EDD) on or after January 1, 1998 and on or before 

December 31, 2005. Selected characteristics of infants and mothers were examined for 

each defect. Prevalence was estimated as cases per 10,000 live births along with 95% 

confidence intervals (CI)s based on the Poisson distribution. Characteristics of affected 

infants and their mothers were summarized using frequency distributions. 

 

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  

 
Associations between maternal exposure to cigarette smoking, alcohol, caffeine, 

nutrients, medications and choanal atresia in the offspring were examined. Because of the 

paucity of previous epidemiologic studies on choanal atresia, a comprehensive analysis of 

the NBDPS data was considered for various exposures; particularly those previously 

identified environmental risk factors for orofacial clefts, which share embryological 
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origins with choanal atresia28. The case-control study design allowed application of 

logistic regression analysis, and calculation of odds ratio (OR) and 95% confidence 

interval (CI) estimates for these selected risk factors. Further, ORs and CIs were adjusted 

for covariables using multivariable logistic regression models.  

 

Summary and Significance 

Choanal atresia is a rare defect and a case-control study was the design of choice 

to examine potential risk factors. This study used data from the population-based birth 

defects surveillance systems participating in the NBDPS, the largest study of birth defects 

in the United States covering almost 500,000 births annually. These data provided an 

ideal opportunity to investigate the prevalence and descriptive epidemiology of choanal 

atresia and choanal stenosis. Given the rather modest number of cases estimated and the 

paucity of previous etiologic studies, this study was unique in investigating demographic 

characteristics (e.g., maternal, race and ethnicity, education, economic status, etc.) and 

several classes of maternal exposures, such as high risk behaviors (e.g., cigarette 

smoking, alcohol, and caffeine use), nutrition, and medication use before and during 

pregnancy. No previously published research has attempted such a comprehensive 

assessment of risk factors for choanal atresia. Findings from this study will provide 

important insights into the etiology of choanal atresia and may generate new hypotheses 

and guide the design of future studies. 
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CHAPTER II 

BACKGROUND AND LITERATURE REVIEW 

 

The research study described herein examined the prevalence and descriptive 

epidemiology of choanal atresia and choanal stenosis using population-based data 

ascertained by the Iowa Registry for Congenital and Inherited Disorders (IRCID). It also 

used data from the National Birth Defects Prevention Study (NBDPS) to provide the first 

comprehensive, population-based study to investigate epidemiologic risk factors for 

choanal atresia.  

Several major birth defects, including heart, neural tube, and orofacial defects, 

have been well-studied and are frequently associated with choanal atresia5,2,29. These 

groups of defects also share similar embryologic origins28,30,31. In particular, orofacial 

clefts which include cleft lip (with or without cleft palate) and cleft palate, are closely 

associated with choanal atresia as each is categorized as an ‘anterior skull base 

deformity’31,32.  

A review of both animal and human studies have shown that maternal exposures 

to cigarette smoking, alcohol, caffeine, and selected medications, as well as maternal sub-

optimal intake of selected nutrients are associated with the risk of orofacial clefts in 

offspring32. Published data are lacking on the role of these risk factors in the development 

of choanal atresia. Following is a description of the supporting published literature to 

date. 
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Embryology of Choanal Atresia 

In humans, development of cranial structures and the face occurs during the first 

12 weeks of gestation with the choanae developing between the 4th and 11th weeks33 

(Figure 2.1). Formation of cranial structures is largely initiated by neural crest cell 

migration. At four weeks gestation, nasal development begins with the formation of nasal 

pits. At approximately five weeks gestation, the nasal pits fold inwards into the 

surrounding mesenchyme to form the nasal sacs, which are separated from the primitive 

oral cavity by oronasal membranes. At about eight weeks gestation, these membranes 

rupture to create a nasal cavity and primitive choanae located at the junction of the nasal 

cavities and the nasopharynx. Development of the nasal cavity and primitive choanae is 

followed by a gradual proliferation of neural crest cells, which contributes to the 

formation of the skull base and nasal vaults. By the end of the 10th week gestation, the 

nasal septum and the developing palate fuse and the primitive choanae undergo alteration 

and are pushed posterior. At this stage, the choanae are termed secondary choanae. In a 

normal fetus, secondary choanae are patent and enable a functional airway between the 

anterior part of the nose and the inner nasopharynx33. 

 

Anatomy of Choanal Atresia 

Anatomically, choanae are located in the posterior section of the nose. Each 

choana is surrounded by a posterior border of vomer and the nasal crest of the palatine 

bone on the medial side, ala (or wing like structures) of the vomer and the sphenoid bone 

on the top, medial pterygoid process of sphenoid and the perpendicular plate of palatine 

bone on the lateral side, and the horizontal plate of palatine bone at the base. A fully-
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developed choana measures about 6 to 8 mm vertically and 12 to 17 mm horizontally at 

birth. Atresia of the choanae occurs when a bony or membranous growth measuring 

between 1 and 10 mm is found at the posterior margin of the hard palate. Also, the 

surrounding tissue is affected, forming a high arched hard palate, a thick nasal septum, 

and narrow nasal fossae, all significantly narrowing the diameter of the nasopharynx33.  

 

Embryological Theories of Causation 

The molecular basis of choanal atresia was extensively examined during the 

previous two decades7, and four theories gained prominence: 1) persistence of the 

buccopharyngeal membrane from the foregut; 2) abnormal persistence or location of 

mesoderm forming adhesions in the nasochoanal region; 3) abnormal persistence of the 

nasobuccal membrane of Hochstetter; and 4) misdirection of neural crest cell migration 

and subsequent mesodermal flow1. Other, less accepted theories have included resorption 

of the floor of the secondary nasal fossa, incomplete dorsal extension of the nasal cavity, 

and migration of the dorsal part of the frontonasal process to fuse with the palatal 

shelves1. 

Presently, the theory of misdirection of neural crest migration and subsequent 

mesodermal flow is thought to offer the strongest evidence. During embryogenesis, the 

ectoderm at the neural plate margin produces neural crest cells, which then migrate to 

form the skeletal and connective tissues in the face and portions of the cranium. 

Deficiency in production of neural crest cells has been associated with defects in the 

frontonasal parts of the face (e.g., arrhinencephaly). In contrast, disturbances in migration 

patterns of neural crest cells are associated with caudal maxillary process and visceral 
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arch derivatives as seen in choanal atresia34. Further, craniofacial anomalies with 

mesenchymal damage and cell disruption were found in offspring of mothers who took 

high doses of vitamin A, and these changes were associated with embryonic pathways 

involving the migration of neural crest cells in early fetal life34.  

 

Clinical Presentation of Choanal Atresia 

Unilateral choanal atresia is mild and presents with breathing difficulty and 

persistent nasal discharge; whereas, bilateral choanal atresia is severe and often becomes 

a neonatal emergency with asphyxia neonatorum. Bilateral choanal atresia is also 

associated with nursing difficulties, respiratory distress, recurrent nasal allergies, and 

respiratory infections. Physical examination of bilateral choanal atresia often shows a 

bony or membranous obstruction in the nasal cavity, stridor, marked retraction of the 

chest, and paradoxical cyanosis (blueness of skin relieved by crying). Frequent 

complications of bilateral choanal atresia include sinusitis, respiratory arrest, and 

aspiration of food into the lungs3. 

Choanal atresia can occur either as a solitary defect (isolated) or with two or more 

major defects of different organ systems (multiple). A recent study showed bilateral 

choanal atresia occurs more frequently with other major defects5. For example, orofacial, 

heart, and limb defects generally co-occur with bilateral choanal atresia without a 

recognized underlying etiology (e.g., single gene or chromosomal). Alternatively, some 

choanal atresia cases, mostly bilateral, may present in the form of Amniotic Band, 

Antley-Bixter, Apert, Bamforth, Crouzon, DiGeorge, Downs, and Treacher Collins 

syndromes35-36. About 7 to 29% of cases with choanal atresia are identified as part of the 
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CHARGE (Coloboma, Heart defect, Choanal Atresia, Retarded growth and development, 

Genital anomaly and Ear defect) syndrome10,37,38. Other well-described teratogenic 

syndromes that present with choanal atresia include methimazole embryopathy39 and 

carbimazole embryopathy40. 

 

Diagnosis of Choanal Atresia 

Definitive diagnosis of choanal atresia is made using computerized tomography 

(CT) of the paranasal sinuses and the skull base7. CT helps to accurately delineate the 

location of obstruction within the nasal passages and the position (anterior, posterior), 

laterality (unilateral, bilateral), and histological characteristics (bony, membranous or 

mixed) of each affected choana(e). Before the availability of CT, the histological 

distribution of choanal atresia cases was estimated as 90% bony and 10% membranous41. 

More recent findings using CT and tissue specimens suggest that about 30% of choanal 

atresia is pure bone and 70% is mixed (membranous and bone), with no pure 

membranous occurrence42,43. 

 

Treatment of Choanal Atresia 

Treatment of choanal atresia aims at establishing the patency of the airway, 

preventing further damage to the surrounding structures and a short intervention with 

limited hospitalization44. There are two well-known treatment options for choanal atresia, 

transpalatal and transnasal surgeries7. Transpalatal surgery involves mucosal incisions to 

open the hard palate and correct the atresia. Initially, transpalatal surgery was favored due 

to excellent visualization and a high success rate; however, the method was also 
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associated with complications, such as blood loss during transfusion, palatal flap 

breakdown or fistula, increased risk of cross bite, high arched palate deformity and a need 

for orthodontic treatment1,45,46. As result, the transnasal approach was introduced to 

minimize some of these complications. Transnasal surgery is preferred for neonates and 

young children diagnosed with bilateral choanal atresia. The procedure uses primarily an 

endoscopic instrument to visualize the nasal cavity and establish the patency of the nasal 

cavity by drilling the atretic plates, followed by insertion of temporary nasal stents to 

maintain patency of the nasal apertures until they heal. Compared to transpalatal surgery, 

transnasal surgery provides a shorter hospital stay and reduced blood loss; however, it has 

been shown to require increased revision surgeries due to re-stenosis47. A recent study 

that used a tertiary care hospital sample examining the management and outcomes of 

choanal atresia repair in children with CHARGE syndrome from 1990 to 2005 showed 

that 82% of children with unilateral choanal atresia and 78% of children with bilateral 

choanal atresia were treated with transnasal surgery48. Overall, the median follow-up 

post-surgery was 24.9 months (range 1 to 144 months), and revision surgeries were 

needed in 45% of cases, some requiring multiple revision surgeries. Another hospital-

based study4 reported a mean of 4.6 transnasal surgeries (range 1 to 6 surgeries) to correct 

bilateral choanal atresia and 2.8 surgeries (range 1 to 6 surgeries) for unilateral choanal 

atresia. In particular, low birth weight infants with either bilateral or unilateral choanal 

atresia were more likely to experience unfavorable outcomes following surgery. 

Additional, commonly noted complications for transnasal surgery were broken ligatures, 

nasal septal deviation, injury to turbinates, excess pressure on nasal ala, and trauma and 

iatrogenic cosmetic deformities7.  
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More recent approaches in choanal atresia repair use transnasal endoscopic 

techniques, which have shown improved outcomes with lower rates of complications47,49. 

These techniques also have been shown to reduce traumatic injury during surgery and 

post-operative scarring1. Also, Mitomycin C, computer-aided surgery and laser 

techniques are currently being explored as treatment options for choanal atresia7. Further, 

stents, which were traditionally used for post-operative care to maintain patency, are not 

currently being recommended as they can produce excessive pressure on the nasal ala, 

localized infection and ulceration, circumferential scarring and injury to the surrounding 

tissue44.  

 

Choanal Stenosis and its Relevance to Choanal Atresia 

Although choanal atresia is the most common cause of nasal abnormality at birth, 

other, less common defects also cause nasal obstruction in newborns (Table 2.1). In 

particular, congenital nasal pyriform aperture stenosis, also referred to as choanal 

stenosis, is the second most common nasal defect50. As described, choanal stenosis is 

defined as an excessive growth of the medial nasal process of the maxilla during the 4th to 

8th week of gestation8,51.  It leads to narrowing or closure of the anterior bony part of the 

nasal passage causing respiratory distress in the newborn. Choanal stenosis is often 

mistaken for choanal atresia because of its similar anatomical and clinical 

characteristics50. 

Choanal stenosis is considered a microform of holoprosencephaly due to the 

common occurrence of a single central maxillary incisor in both conditions52,53. It occurs 

predominantly as a bilateral defect with sleep apnea and cyanosis being two of the 
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common symptoms. Definitive diagnosis of choanal stenosis is made by CT. Posterior 

choanae appear occluded in the CT images of choanal atresia cases, whereas in choanal 

stenosis, the choanae appear unblocked. Further, the maximum diameter of each 

transverse pyriform aperture is often less than or equal to 3 mm and the aperture width is 

less than 8 mm8. 

 

Descriptive Epidemiology of Choanal Atresia 

Many case reports and hospital-based studies have been published in the last 

century on clinical characteristics and surgical management of choanal atresia, but few 

studies have examined its risk factors (Table 2.2). Choanal atresia cases included in 

hospital-based studies ranged from approximately 10 to 80 children and were most often 

recruited from tertiary care hospitals. Overall, these studies produced mixed results in 

terms of the sex ratio of affected children. In particular, two2,45 of the three1,2,45 larger 

studies (sample size of 70 or more) reported male:female ratios close to 1:2; whereas a 

third reported a 1:1 ratio1 (Table 2.2). Conversely, the male:female ratio was reversed 

(2.4:1) in another study on 65 children with choanal atresia4. The sex ratios varied even 

more for studies with smaller study samples. The clinical presentation of choanal atresia 

also varied among hospital-based studies. Among the larger studies that reported 

laterality of choanal atresia, more than one-half of all choanal atresia cases were 

bilateral4,2. The laterality ratio varied among studies with smaller samples. Multiple birth 

defects were noted in 25 to 60% of choanal atresia cases2,4.  
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The only published population-based study of prevalence and case characteristics 

of choanal atresia identified was conducted by Harris et al. (1997) using data for 444 

cases from birth defect registries in California, Sweden, and France for the years 1976 

through 199210. These investigators reported an overall prevalence of choanal atresia of 

0.82 per 10,000 live births with the California population having the highest prevalence 

(1.13 per 10,000 live births) compared to Sweden (0.54 per 10,000 live births) and France 

(0.78 per 10,000 live births). In contrast to hospital-based studies, no significant 

differences in prevalence were found by infant sex. Overall, 47% of the cases were 

associated with other major structural birth defects and 5.4% presented with the 

CHARGE syndrome. Harris et al. (1997) also examined selected maternal characteristics 

and found that non-Hispanic white infants had a higher prevalence compared to other 

racial/ethnic groups10. In addition, a moderate increase in choanal atresia was observed 

among twins compared to singleton births; maternal age and parity showed no association 

with choanal atresia. It is important to note that choanal atresia with known underlying 

chromosomal defects and cases with severe stenosis were included in the analyses.  

 

Risk Factors for Choanal Atresia 

Genetic Risk Factors 

Choanal atresia is thought to be a multifactorial trait, although some studies have 

suggested single gene models that include both autosomal dominant and autosomal 

recessive transmission54. More commonly, choanal atresia is found to occur sporadically 

and to recur infrequently in siblings and in successive generations54-56. In several studies, 

about 7 to 29% of children with choanal atresia were noted to have the CHARGE 
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syndrome10,57-59 which is an autosomal dominant condition with mutations in the 

chromodomain helicase deoxyribonucleic acid (DNA) binding protein 7 (CHD7) gene at 

chromosome 8q12.160,61. Additional genetic factors that may contribute to choanal atresia 

are not well understood.  As examples, animal studies that used knockout mouse models 

for suppression of retinoic acid synthesis exhibited choanal atresia and other 

malformations of the nasal cavity; when these mice were fed retinoic acid, it proved 

protective for choanal atresia62. Also, persistent local activation of fibroblast growth 

factor (FGF) pathways among knockout mice (aldh1a3 null mutants) has been suggested 

among animal models of choanal atresia which occur in syndromes of craniosynostosis63. 

Each finding warrants further investigation. 

 

Environmental Risk Factors 

Environmental (i.e., non-inherited) risk factors for choanal atresia have not been 

well studied. Maternal behaviors, including lifestyle and nutritional intake during 

pregnancy play an important role in optimal fetal development and outcomes. 

Reproductive-age women may be exposed to cigarette smoke, alcohol, caffeine, sub-

optimal nutrition, and medications, each of which has been associated with birth defects.  

 

Cigarette smoking 

Animal and human studies have shown that chronic maternal exposure to 

cigarette smoking during reproductive years can trigger potential anti-estrogenic 

response16,64 and affect glucose regulation65, insulin resistance16 and obesity17. Both 

active and passive cigarette smoking has been shown to affect the growth and 
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development of the fetus18,66,67. With regard to craniofacial malformations, maternal 

cigarette smoking has been associated with orofacial clefts in newborns68,69. 

 

Alcohol 

A recent study using a population-based sample of pregnant women showed that 

an estimated 30% reported any alcohol use during pregnancy and 8% binged when they 

were pregnant70. Prenatal exposure to alcohol has been associated with adverse birth 

outcomes, fetal alcohol syndrome and birth defects in newborns71,72. Even moderate 

amounts of alcohol consumed during pregnancy can cross the placental barrier and cause 

adverse effects on the development and migration of the cranial neural crest and other 

embryonic cells73,74. The greatest impact of alcohol on fetal development is when the 

blood alcohol levels are high, as in binge drinking. Binge drinking has been shown to 

inhibit fetal development75 and has been significantly associated with fetal alcohol 

syndrome76 and orofacial clefts77-79. These latter associations were further influenced by 

lack of folic acid use80. 

 

Caffeine 

Exposure to caffeine during pregnancy has been associated with teratogenic 

outcomes81. Caffeine and its metabolites cross the placenta and affect fetal growth82. 

High intake of caffeine is also known to be a potential teratogen, which can cause vaso-

constriction and impede placental circulation20,83,84. Caffeine has also been shown to 

increase serum noradrenalin levels, which in combination with decreased placental 

circulation, has been associated with the risk of birth defects20,85,86. When combined with 
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nicotine and alcohol exposure, even moderate doses of caffeine have been shown to 

significantly increase the risk of birth defects81. Positive, but nonsignificant, associations 

between maternal caffeine intake and orofacial clefts have been reported87-89. 

 

Nutrition 

Sub-optimal nutrition during pregnancy is thought to contribute to the higher 

prevalence of birth defects among infants born to mothers from low socio-economic 

strata compared to mothers of other socio-economic strata90. Folic acid use one month 

before through the third month following conception (periconceptional) has been 

suggested to reduce the risk of orofacial clefts and neural tube defects23,25,26. 

Multivitamin supplementation from one month before the day of the last menstrual period 

through the third month following the day of the last menstrual period has been 

demonstrated to reduce the occurrence of orofacial clefts91 and congenital heart defects92. 

Apart from the single vitamin and multivitamin supplements, nutrients acquired from 

food sources have also been suggested to have beneficial effects in prevention of birth 

defects. Periconceptional nutritional intake has been shown to reduce the risk of orofacial 

clefts69,93-98. Particularly, selected macro- and micro- nutrients present in fruits and 

vegetables such as vegetable protein, fiber, beta-carotene, ascorbic acid, alpha 

tocopherol, iron, and magnesium have shown protective effects against orofacial clefts98.   

 

Medications 

Some prescription and over-the-counter medications have known teratogenic 

effects on the fetus99-101. One percent of all birth defects are estimated to be caused by 
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therapeutic drugs taken close to conception or during pregnancy27. The U.S. Food and 

Drug Administration (FDA) developed criteria for safety of medication use in pregnancy 

based on animal and human experimental trials. Unfortunately, about 91% of therapeutic 

drugs have not been tested for teratogenicity100 and more than 55% of pregnant women 

are prescribed one or more medications102. Exposure to medications between the 3rd and 

10th weeks of gestation is thought to be the critical time to produce structural deformities; 

however, certain medications taken pre-conception can metabolize at a slower rate and 

eventually influence the pregnancy in the first or later trimesters. Medication risk factors 

for orofacial clefts have been rather well-studied103 and have shown an increased risk of 

clefting with periconceptional use of corticosteroids104, anti-epileptic drugs105, non-

steroidal anti-inflammatory drugs106 and folic acid antagonists107. 

Maternal use of anti-thyroidal medications (thionamides), including methimazole, 

during pregnancy was associated with choanal atresia in offspring in several hospital-

based studies108-112. Maternal intake of carbimazole during pregnancy was shown to 

contribute to choanal atresia, hearing loss and developmental delay and developmental 

abnormalities of the gastrointestinal tract, nipples and the face, together termed as the 

‘carbimazole embryopathy’40,113.  

 

Summary and Significance 

Because choanal atresia is a rare birth defect, potential risk factors for this defect 

are mostly unknown. Several hospital-based studies have examined clinical and surgical 

outcomes for this defect. Reported prevalence rates and clinical characteristics have 

varied due to small sample sizes, short follow-up periods and diagnostic 
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misclassification. Only one population-based study on epidemiology of choanal atresia 

has been published to date; however, many important risk factors could not be examined 

as data on pregnancy exposures were unavailable. The current study was the first 

population-based study to comprehensively investigate prevalence and descriptive 

epidemiology for both choanal atresia and choanal stenosis; as well as several risk factors 

for choanal atresia. 
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Figure 2.1. Midface Embryogenesis Between 4th and 11th Weeks of Gestation 
 
Source: Lowe, L.H., Booth, T.N., Joglar, J.M., et al., (2000). Midface anomalies in 
children. Radiographics, 20(4), 907-22; quiz 1106-7, 1112. Reprinted with permission 
from Elsevier publishers and Radiological Society of North America. 
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Table 2.1 Congenital Causes of Nasal Obstruction in the Newborn 

Defect 
 

Case Characteristics 

Choanal atresia - Posterior 
     

Partial to complete closure of nasal passage due to atresia of 
posterior nasal choanae 
 

Choanal atresia - Anterior Partial to complete closure of nasal passage due to atresia of 
anterior nasal choanae   
 

Choanal stenosis – Posterior Partial to complete closure of nasal passage due to stenosis or 
mucosal swelling 
 

Nasal stenosis - Anterior Shelf-like projections in the nasal cavity  
 

Congenital nasal tumors  
 

Growth of cranial and fibrous tissue in the nasal passage  
 

Other nasal malformations Other nasal deformities associated with the cleft lip and 
various degrees of nasal agenesis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

22

Table 2.2 Published Hospital-Based Case-Series of Choanal Atresia 

Author, Year of 
Publication 

Study 
Period 

No. of 
Cases  

Source 
 

Male: 
Female 

Isolated:
Multiple

Benjamin, 1978114  1966 - 1984 64 Royal Alexander Hospital for Children, Sydney 1:1.4 3:1 
 

Black, 1983115 1976 - 1981 48 Great Ormond St Hospital for Sick Children, London 1:1 1.1:1 
 

Bose, 1983116  1977 - 1983  8 Ahmadi Hospital, Kuwait 1:1 - 
 

Coniglio, 198837  1974 - 1986 24 University of Rochester Hospital, New York - 1.7:1 
 

Craig, 1959117  1952 - 1956 10 Otolaryngology Clinic, Belfast  2.3:1 2.3:1 
 

Enriquez, 1983118  1969 - 1981 17 Children’s Hospital of Barcelona, Italy  1:3.5 1:1.6 
 

Flake, 1964119  (not stated) 40 Children’s Hospital Medical Center, Boston 1:2.1 - 
 

Freng, 197845  1947 - 1974 82 National Hospital of Norway, Norway 1:2 - 
 

Friedman, 20004  1/1990 - 4/1998 65 Great Ormand St Hospital for Sick Children, London 2.4:1 1.5:1 
 

Gosepath, 2007120  1980 - 2006 41 Hospital at University of Mainz, Germany 1:1.9 - 
 

Hengerer, 20081  1973 - 2005 73 University of Rochester Hospital, New York 1:1.2 1.6:1 
 

Kawashiro, 1994121  1980 - 1992  8 National Children’s Hospital, Tokyo 1.7:1 1:7 
 

Mir, 1986122  7/1981 - 6/1983 11 Jamahira Maternity Hospital, Benghazi 1.2:1 1.2:1 
 

Sadek, 1998123  1985 - 1996   8 Al-Qassimi Hospital, Sharjah 1:1 0:8 
 

Samadi, 20032  5/1979 - 1/1998 78 Children’s Hospital of Philadelphia, Philadelphia 
 

1:1.6 - 

Schwartz, 1986124   1969 - 1985 21 Columbia Prysbytarian Medical Center, New York 1:1.3 1:1.6 
 

Winther, 1978125  1963 - 1976 15 Kommune Hospitalet, Aarhus 1:2.8 - 
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CHAPTER III 

RESEARCH DESIGN AND METHODS 

 

Data Sources 

To examine the prevalence and descriptive epidemiology of choanal atresia and 

choanal stenosis for study aim 1, data were obtained from the Iowa Registry for 

Congenital and Inherited Disorders (IRCID). To examine selected risk factors for choanal 

atresia for study aim 2, data were obtained from the National Birth Defects Prevention 

Study (NBDPS). 

 

Iowa Registry for Congenital and Inherited Disorders 

The IRCID is a program of the Iowa Department of Public Health (IDPH) and its 

operations are contracted to the College of Public Health at The University of Iowa (UI); 

thus, the UI is the bona fide agent of the IDPH for birth defect surveillance in Iowa. Each 

year, over 40,000 deliveries are monitored by the IRCID. These deliveries include live 

births, fetal deaths, and elective terminations occurring to Iowa residents. Trained field 

representatives review records in nurseries, maternity units, and pediatric wards of local 

hospitals, along with records in cytogenetic labs, prenatal diagnosis clinics, and genetic 

clinics. The diagnosis of a birth defect is confirmed by clinical geneticists using 

systematic review and classification. All information is stored in an electronic format. 

The IRCID also links abstracted data to the state vital records (birth certificates, death 

certificates, and fetal death certificates). 

 



24 
 

 

The National Birth Defects Prevention Study 

The NBDPS was established by the Centers for Disease Control and Prevention 

(CDC) in 1996 as a multi-center case-control study of environmental (i.e., non-inherited) 

and genetic risk factors for over 30 major structural birth defects126. Case and control 

infants with an estimated date of delivery (EDD) on or after October 1, 1997 were 

included. Centers for the NBDPS include Arkansas (AR), California (CA), Iowa (IA), 

Massachusetts (MA), New Jersey (NJ), New York (NY), North Carolina (NC), Texas 

(TX), Utah (UT), and the CDC in Metropolitan Atlanta, Georgia. About 500,000 births 

annually are included in the catchment area for the NBDPS with inclusion of birth 

outcomes differing across centers (Table 3.1). Diagnosis of one or more eligible birth 

defects was assigned by clinical geneticists using systematic review of information 

abstracted from medical records127. Information abstracted included basic demographic 

information, diagnostic data, delivery events, cytogenetic data, birth complications, 

prenatal data, pregnancy history, family history, and selected risk factor information.  

 

Subjects 

For study aim 1, all deliveries (live births, stillbirths, and elective terminations) 

ascertained by the IRCID with choanal atresia or choanal stenosis with an EDD on or 

after January 1, 1998 and on or before December 31, 2005 were selected. For study aim 

2, case deliveries diagnosed with choanal atresia with an EDD on or after October 1, 

1997 (CA, CDC, IA, MA, NY, TX), January 1, 1998 (AR, NJ), or January 1, 2003 (NC, 

UT) and on or before December 31, 2002 (NJ) or December 31, 2005 (AR, CA, CDC, 

IA, MA, NC, NY, TX, UT) and whose mothers completed the NBDPS interview were 
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selected. Case deliveries identified included live births (all centers), fetal deaths or 

stillbirths (AR, CA, CDC, IA, MA, NY, TX [since year 2000], UT), and elective 

terminations (AR, CA, CDC, IA, NY, TX [since year 2000], UT) occurring to residents 

within the NBDPS catchment of each participating center (Table 3.1). Each case delivery 

had at least one eligible, major birth defect diagnosed within the first year of life. Cases 

that were a part of a known genetic syndrome or complex were excluded from the 

NBDPS 

NBDPS control infants were a random sample of unaffected live births delivered 

in the same time frame and in the same catchment areas as case deliveries and selected 

from birth certificates (AR [2000-2005], CDC [2001-2005], IA, MA, NC, NJ, UT) or 

hospital delivery records (AR [1997-2000], CA, CDC [1997-2000], NY, TX).  

As no individual case group exceeded 100 cases per year per center, recruitment 

of 100 controls per year maintained a minimum of 1:1 case:control ratio for each eligible 

defect. Overall, the participation rate among case and control mothers was approximately 

70%. Case and control infants who were adopted or in foster care or whose biological 

mothers were deceased or did not speak English or Spanish were excluded.  

 

Data Collection 

IRCID 

The IRCID abstracts various clinical and demographic data on each choanal atresia 

and choanal stenosis case. Clinical data include anthropomorphic measures, verbatim 

defect diagnosis, diagnostic test results, cytogenetic and molecular test results, family 
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history, and autopsy results. Demographic data include name of child, mother, and father, 

and residence.  

 

NBDPS 

State legislative rules or internal review board requirements guided initial 

recruitment with eligible case families. The IA, MA, and NY centers contacted the 

physician of the case infant (or the physician of the case mother for a stillbirth or elective 

termination) to inform the physician of the NBDPS and the intent to contact the mother 

of the infant. If a physician did not identify circumstances that would preclude contact 

with the mother or did not reply within 21 days, an introductory packet, including a fact 

sheet on rights as a research subject, a pregnancy calendar, food frequency item response 

list, study information pamphlet and $20 dollar check or money order was mailed to each 

eligible case mother. The remaining centers mailed introductory packets directly to each 

eligible case mother. Each center mailed introductory letters directly to eligible control 

mothers. Introductory mailings were in both English and Spanish languages. A 

systematic follow-up protocol was used to consent mothers to complete a computer- 

assisted telephone interview. The interviews were conducted no earlier than 6 weeks 

andno later than 24 months after the EDD of the case or control infant.  

The NBDPS maternal interview consisted of sections on pregnancy history 

(including prenatal diagnostic history), maternal health and illnesses, family history, 

lifestyle and behavioral risk factors (including tobacco, alcohol, and substance abuse), 

nutrition, multivitamin use, and occupational exposures. Most exposures were assessed 

from three months before pregnancy through the end of the pregnancy; exposures related 
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to caffeine and nutritional intake were assessed for the one-year prior to the index 

pregnancy. The NBDPS maternal interview provided an automatic pregnancy calendar 

which calculated the time periods from the birth date or due date as provided by the 

mother. The advantage of using this tool was that it allowed easy reference throughout 

the interview to sequential months before and during pregnancy.  

 

NBDPS Analytic Database 

The NBDPS has assembled advanced technical systems and software tools which 

transport data from the telephone interviews to the analytical database as a SAS or SPSS 

data file for analysis. The NBDPS analytical database can be used to generate data sets 

for analysis of maternal interview responses linked to NBDPS clinical data. 

 

Data management 

Each center coded and stored complete electronic files for all interviews 

conducted in their respective center. All coded data were securely transmitted 

electronically to the CDC. Data transmitted to the CDC were de-identified and 

anonymous copies of all completed clinical and interview data for the previous month. 

The CDC uses Microsoft Access© to replicate and store data in a secure and confidential 

manner; thus, copies of all completed interviews and specimens are maintained and 

managed by the CDC Birth Defects and Pediatrics Genetics Branch (BDPGB). The 

BDPGB coordinates with the NBDPS at the CDC and facilitates release of data to each 

participating center. Each center obtained approval for human subjects research and took 

appropriate steps to protect the privacy and confidentiality of data collected. 



28 
 

 

Case-Control Study Design 

The case-control study design was used for the NBDPS, as it provided a cost-

effective design to study risk factors for rare outcomes. The case-control design permitted 

estimation of odds ratios and 95% confidence intervals. Parsimonious logistic regression 

models were fit to adjust for several covariables.  

 

Case Selection 

Choanal Atresia 

For the NBDPS, choanal atresia was defined as a congenital obstruction of the 

posterior choana(e) (British Pediatric Association [BPA] codes 748.010, 748.011, 

748.012, 748.013, or 748.014). Clinical geneticists at each center assigned the diagnosis 

of choanal atresia by review of abstracted information from medical records. All eligible 

choanal atresia cases were confirmed by a second clinical geneticist. Choanal atresia 

cases were classified as ‘isolated’ if the infant did not have an additional major birth 

defect. Alternately, if one or more major structural birth defects (not including the 

CHARGE syndrome - Coloboma, Heart defect, Choanal Atresia, Retarded growth and 

development, Genital anomaly and Ear defect) were present, the infant was classified as 

‘multiple, with no CHARGE.’ If choanal atresia presented as part of the CHARGE 

syndrome, the infant was classified as ‘multiple, with CHARGE.’ Choanal atresia cases 

that were a part of a known genetic syndrome or complex were excluded from the 

NBDPS. Choanal stenosis, including pyriform aperture stenosis cases, was excluded from 

the NBDPS.  
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Choanal Stenosis 

For study aim 1, choanal stenosis cases were defined as those with congenital 

obstruction of the choanae with a stenosis of the nasal passage and who were assigned a 

BPA diagnosis code of 748.000, 748.001, 748.002, 748.003, or 748.004. Choanal 

stenosis cases were not collected for the purpose of the NBDPS; hence, we obtained these 

cases from the IRCID.  

 

Control Selection 

Eligible controls were a random sample of non-malformed, live born infants from 

each participating center with EDDs during the same time period as cases. Overall, 

mothers of 6807 eligible control infants were identified and interviewed for the NBDPS. 

 

Variable Selection 

Clinical Variables 

For study aim 1, the following variables were obtained from the IRCID for both 

choanal atresia and choanal stenosis deliveries. Infant characteristics examined were sex 

(male / female), birth date, birth weight in grams (< 2500 / ≥ 2500), plurality (singleton / 

multiple), gestational age in weeks (< 37 / ≥ 37), birth outcome (live birth / stillbirth / 

elective termination). Diagnostic and treatment characteristics included position (anterior 

/ posterior), laterality (unilateral / bilateral), side (right / left), type (bony / membranous / 

mixed), CHARGE syndrome (yes / no), diagnostic method (nasal catheter / CT / 

endoscope + CT / other ), cytogenetic testing (normal / abnormal / pending / not done), 

molecular testing (normal / abnormal / pending / not done),  treatment (surgery / stenting 
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/ other non-surgical), and the type of surgery when cases were surgically repaired 

(transnasal / transpalatal / endoscopic / other). Information on family history of choanal 

atresia (yes / no / unknown), family history of choanal stenosis (yes / no / unknown), and 

other co-occurring defects (BPA codes and descriptions) was also obtained. Maternal 

variables examined were age at delivery in years (< 25 / 25 - 34 / ≥ 35), race / ethnicity 

(non-Hispanic white / non-Hispanic black / Hispanic / other), education in years (< 12 / 

12 / > 12), and gravidity (0 / 1 - 2 / 3+) 

 

Exposure Variables 

Cigarette Smoking 

Maternal exposure to cigarette smoking was assessed during 3 months prior to 

pregnancy (labeled B1, B2, and B3) and the duration of the pregnancy (labeled M1, M2, 

M3 for the first three months of pregnancy; T2 for second trimester; T3 for third 

trimester). Cigarette smoking was classified as ‘active’ if the mother reported to have 

smoked during the study period and ‘passive’ if the mother reported an indirect exposure. 

A positive response to either active or passive cigarette smoke exposure was followed by 

further inquiry about daily frequency of exposure. For active cigarette smoking, pre-

specified categories of number of cigarettes or packs of cigarettes smoked per day were 

used. For passive cigarette smoking, exposure was categorized as ‘household’ or 

‘workplace’ exposure, and mothers were asked to report specific month(s) during which 

passive exposure occurred. For our analyses, cigarette smoke exposure was restricted to 

the periconceptional period, which corresponded to the month prior to conception (B1) 

through the first three months of pregnancy (M1, M2, and M3). 
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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 Questionnaire128. Fifty-eight food items including vegetables, meats, fruits, 



32 
 

 

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 items129. 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 

Dictionary130. 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). 

 

Analytic 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 



34 
 

 

Prevalence of choanal atresia and choanal stenosis in Iowa 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 Iowa = p = Number of cases per year (n) × 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.   

                                                                   95% CI = 
( )

N
ppZp −

±
1

975.0       

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% CIs 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% CIs 

were estimated for both isolated and all cases of choanal atresia combined. Exact ORs 

and 95% CIs 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 Iowa. 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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Table 3.1 Centers for Birth Defects Research and Prevention 

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  
 

10/01/1997 - ongoing Live births, Stillbirths, Elective terminations 
 

Iowa 10/01/1997 - ongoing Live births, Stillbirths, Elective terminations 
  

Massachusetts 10/01/1997 - ongoing Live births, Stillbirths 
 

New Jersey 01/01/1998 - 2002 Live births 
 

New York 10/01/1997 - ongoing Live births, Stillbirths, Elective terminations 
 

North Carolina 
 

01/01/2003 - ongoing Live births 
 

Texas 10/01/1997 - ongoing Live births, Stillbirths, Elective terminations 
 

Utah 01/01/2003 - ongoing Live births, Stillbirths, Elective terminations 
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Table 3.2 Minimum Detectable Odds Ratios for Selected Risk Exposures for Choanal 
Atresia 

Exposure Exposure rate 
among 

controls – (%) 
(N=6703) 

OR 
(All Cases) 

 
(N=90) 

OR 
(Isolated 
Cases) 
(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=Odds 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 Iowa 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 Iowa 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% CI=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 

cases. 

 

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 

Population 
Live Births 

 

Choanal Atresia Choanal Stenosis 
 Year          n Prevalence per 

10,000 live births 
(95% CI)

      n Prevalence per 
10,000 live births 

(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 
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Table 4.2 Clinical Characteristics of Choanal Atresia and Choanal Stenosis 
in Iowa 

 
 Choanal Atresia 

(N=14) 
Choanal Stenosis 

(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 (3.8)
      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 (3.8)
  Gravidity*  
      1-2  8  (61.5) 28  (54.9)
      ≥ 3  5  (38.5) 23 (45.1)

 
* Frequency of cases and controls may vary because of missing data. Percentages may not total 100 
because of rounding. 
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Table 4.6 Selected Characteristics of Choanal Atresia Infants and their Mothers 
 
 Controls 

(N=6703) 
Isolated Cases 

(N=47) 
All Cases 
(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 (87.2) * 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  (94.4)
       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    (2.2)
   
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    (2.2)  
    Education (years)   
       <12 1128  (16.8) 4    (8.5)  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/m2)**   
       < 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)
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Table 4.6 Continued 
 

 Controls 
(N=6703) 

Isolated Cases 
(N=47) 

All Cases 
(N=90) 

Characteristics n (%) nb (%)   nb (%)
  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 Acida   

       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   (4.3)    2   (5.6)  
  Prepregnancy hypertension   

       No 5793 (86.4) 44 (93.6)  83 (92.2)  
       Yes 901 (13.4) 3   (6.4)    7   (7.9)  
  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    (6.4)  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    (8.5)  12  (13.3)  
       Utah 363 (5.4) 2    (4.3)  2    (2.2)  

 
CDC=Centers for Disease Control and Prevention; n=Frequency; Kg=Kilograms; m=Meter; US=United 
States, wks=weeks 
 
a 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 
(N=6703) 

Isolated Cases 
(N=47) 

All Cases 
(N=90) 

Exposure      n (%)a     n (%)a        n (%)a

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   89 
    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)

 
a Percentage of completed reports 
 
B1=One 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 

(N=6703) 
Isolated Cases 

(N=47) 
All Cases 
(N=90) 

Exposure       n   n aOR (95% CI)a,b   n aOR (95% CI)c

 
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   5 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    
episodes 

1626 12 0.86 (0.34,2.20) 25 1.05 (0.64,1.72) 

   Drinking, ≥ 1 binge 
episodes 

  793   6 0.81 (0.40,1.65)   8 0.73 (0.34,1.57) 

 
aOR=Adjusted Odds Ratio; CI=Confidence Interval; N=Frequency; NC=Not Calculated (less than five 
mothers reported the exposure) 
 

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

b 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. 
 

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

(N=6703) 
Isolated Cases 

(N=47) 
All Cases 
(N=90) 

Exposure        n   (%)*   n   (%)*   aOR (95% CI)a   n   (%)*       aOR (95% CI)b

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  (14.4) 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) 
 

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

b 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 
(N=6703) 

Isolated Cases 
(N=47) 

All Cases 
(N=90) 

 Macronutrients  n    (%) n    (%) aOR (95% CI)a   n    (%)      aOR (95% CI)b 
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; IU=International Units; Low=<25 percentile; Medium=25 - 75 percentile; High=>75  
percentile 
 

a 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 
 (N=6703) 

Isolated Cases 
 (N=47) 

All Cases  
(N=90) 

 Minerals       n    (%)   n    (%) aOR (95% CI)a   n    (%)      aOR (95% CI)b 
 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 (µg) 
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  (34.4) 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; IU=International Units; Low=<25 percentile; Medium=25 - 75 percentile;  
High=>75 percentile 
 

a 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. 
 
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 4.12 Multivariable Analyses for Maternal Micronutrient Intake One-Year Before Pregnancy and Choanal Atresia 
 

 Controls 
(N=6703) 

Isolated Cases 
(N=47) 

All Cases 
(N=90) 

 Micronutrients n    (%)           n    (%) aOR (95% CI)a n    (%)       aOR (95% CI)b 
 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 (µg) 
 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  (14.9) 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 
(N=6703) 

Isolated Cases 
(N=47) 

All Cases 
(N=90) 

 Micronutrients       n    (%)   n    (%) aOR (95% CI)a   n    (%)       aOR (95% CI)b 
    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 (µg 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 
(N=6703) 

Isolated Cases 
(N=47) 

All Cases 
(N=90) 

 Micronutrients       n    (%)   n    (%) aOR (95% CI)a   n    (%)       aOR (95% CI)b 
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; IU=International Units; Low=<25 percentile; Medium=25 - 75 percentile;  
High=>75 percentile 
 

a 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 4.13 Maternal Periconceptional Medication Use and Choanal Atresia 
 
 Controls 

(N=6703) 
Isolated Cases 

(N=47) 
All Cases 
(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  
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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 Iowa 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 Sweden10. Comparison of the current estimate identified in the Iowa 

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 study10. 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 Iowa 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 hospitals2,4; but discordant from the tri-

registry study as mentioned above10. 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 study10. 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 131. 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 study10, 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 atresia31. 

 

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 reasons132, but the same may not 

have been true for self-reported passive exposures. A study of NBDPS control mothers11 

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 2005133. 

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 

smoking134. 

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) measures135; 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 study136. 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)137. 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 

associated with an increased risk of orofacial clefts77,96,138-141 and risk has been shown to 

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)142. 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-

response effect for cleft lip with or without cleft palate143. Further, gene-environment 

interactions between smoking and polymorphisms in transforming growth factor-α Taql 

polymorphism have been reported for orofacial clefts144-145. 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 studied146. 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 

exposure147. 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 pregnancy148-

149. 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 

reporting true levels of consumption150,151. 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 

reported an increased risk due to maternal alcohol exposure during pregnancy77,79. Using 

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)80. 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 significant80. 

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 anomalies152. 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 atresia1,7. A more recent 

study153 examined the role of gene-environment interactions associated with ethanol on 

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 gravidity154. 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 data155. A moderate level of caffeine (100-199 mg/day) intake from coffee, 



79 
 

 

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 study89 

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 placenta86. The pharmacokinetics 

of caffeine are further affected by other factors such as exercise, altitude, menstrual 

cycles, contraceptive use, diet, and smoking86. 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 

absorption156, but there was no significant association between iron and choanal atresia in 
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the current study. Higher intake of iron has been associated with a decreased risk for 

orofacial clefts98.  

 

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 

were limitations in the FFQ128,157-159. The questionnaire instrument was not internally 

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

accurate estimates of dietary intake by women in the distant past159. Also, maternal 

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)98. A population-based study found that higher intakes (over 95th percentile) 

of vitamin A protected against isolated cleft defects compared to moderate intakes (40th-

60th percentile)160. 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 alone96. Another study from Poland noted an increased risk of oralfacial clefts 

among mothers whose whole blood levels of zinc were close to deficient161. The current 

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 pregnancy162. 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%CI=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 supplements96. 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)163.  

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 

development164. In their review, Finnell et al. (2004) discussed the importance of 

nutritional factors, including endogenous retinoids, in normal craniofacial and neural 

morphogenesis165. 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 synthesis62. 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 teratogenicity165,166. A subtype of RAR, 

called RAR-γ was associated with posterior truncation anomalies and mediated cranial 

malformations in some animal models167. 

Active placental transport of zinc and other micronutrients from the mother to the 

fetus are well established168,169. 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 immunity170, but literature on teratogenicity associated 
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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)171. The potential influence of 

zinc deficiency on orofacial clefts has been proposed to be either direct or by de-

regulation of genomic stability 172,173, 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 

studies39,111, 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 results174,175. Additionally, medications associated with an 

increased risk of clefting, corticosteroids104, anti-epileptic drugs105, non-steroidal anti-

inflammatory agents (NSAIDS)106, and folic acid antagonists107,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.126, 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 

defects127, 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 area176. 

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 Iowa was similar to that reported in other 

population-based studies among predominantly non-Hispanic white populations. Choanal 

stenosis was more prevalent in Iowa 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 

 

 
 
 
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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APPENDIX B 
 

NBDPS QUESTIONNAIRE SECTIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



90 
 

 

 
 
 
 

 
 
 
 
 



91 
 

 

 
 
 
 
 

 
 
 



92 
 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



93 
 

 

 
 

 
 
 
 



94 
 

 

 
 
 
 
 
 
 
 
 
 
 



95 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



96 
 

 

 
 
 
 
 
 
 
 
 
 
 
 



97 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



98 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



99 
 

 

 

 
 
 
 
 
 
 
 
 
 
 



100 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



101 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



102 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



103 
 

 

 
 
 
 
 



104 
 

 

 
 

 



105 
 

 

 



106 
 

 

 
 
 
 
 
 
 
 
 



107 
 

 

 
 
 
 
 
 
 
 
 
 
 
 



108 
 

 

 
 

 
 
 

 

 

 
 

 

 

 

 

 

 



109 
 

 

REFERENCES 

1. Hengerer AS, Brickman TM, Jeyakumar A. Choanal atresia: embryologic analysis 
and evolution of treatment, a 30-year experience. Laryngoscope. May 
2008;118(5):862-866. 

 
2. Samadi DS, Shah UK, Handler SD. Choanal atresia: a twenty-year review of 

medical comorbidities and surgical outcomes. Laryngoscope. Feb 
2003;113(2):254-258. 

 
3. Ramsden JD, Campisi P, Forte V. Choanal atresia and choanal stenosis. 

Otolaryngol Clin North Am. Apr 2009;42(2):339-352, x. 
 
4. Friedman NR, Mitchell RB, Bailey CM, Albert DM, Leighton SE. Management 

and outcome of choanal atresia correction. Int J Pediatr Otorhinolaryngol. Jan 30 
2000;52(1):45-51. 

 
5. Burrow TA, Saal HM, de Alarcon A, Martin LJ, Cotton RT, Hopkin RJ. 

Characterization of congenital anomalies in individuals with choanal atresia. Arch 
Otolaryngol Head Neck Surg. Jun 2009;135(6):543-547. 

 
6. Coates H. Nasal obstruction in the neonate and infant. Clin Pediatr (Phila). Jan 

1992;31(1):25-29. 
 
7. Corrales CE, Koltai PJ. Choanal atresia: current concepts and controversies. Curr 

Opin Otolaryngol Head Neck Surg. Dec 2009;17(6):466-470. 
 
8. Brown OE, Myer CM, 3rd, Manning SC. Congenital nasal pyriform aperture 

stenosis. Laryngoscope. Jan 1989;99(1):86-91. 
 
9. Keller JL, Kacker A. Choanal atresia, CHARGE association, and congenital nasal 

stenosis. Otolaryngol Clin North Am. Dec 2000;33(6):1343-1351, viii. 
 
10. Harris J, Robert E, Kallen B. Epidemiology of choanal atresia with special 

reference to the CHARGE association. Pediatrics. Mar 1997;99(3):363-367. 
 
11. Anderka M, Romitti PA, Sun L, Druschel C, Carmichael S, Shaw G. Patterns of 

tobacco exposure before and during pregnancy. Acta Obstet Gynecol Scand. 
2010;89(4):505-514. 

 
12. Krulewitch CJ. Alcohol consumption during pregnancy. Annu Rev Nurs Res. 

2005;23:101-134. 
 
13. Ward C, Lewis S, Coleman T. Prevalence of maternal smoking and environmental 

tobacco smoke exposure during pregnancy and impact on birth weight: 
retrospective study using Millenium Cohort. BMC Public Health. 2007;16(7):81. 

 



110 
 

 

14. Caspers KM, Oltean C, Romitti PA, et al. Maternal periconceptional exposure to 
cigarette smoking and alcohol consumption and congenital diaphragmatic hernia. 
Birth Defects Res A Clin Mol Teratol. 2010. Sep 14. PMID: 20842650 (Epub 
ahead of print) 

 
15. England LJ, Levine RJ, Qian C, et al. Glucose tolerance and risk of gestational 

diabetes mellitus in nulliparous women who smoke during pregnancy. Am J 
Epidemiol. Dec 15 2004;160(12):1205-1213. 

 
16. Michnovicz JJ, Naganuma H, Hershcopf RJ, Bradlow HL, Fishman J. Increased 

urinary catechol estrogen excretion in female smokers. Steroids. Jul-Aug 
1988;52(1-2):69-83. 

 
17. Rimm EB, Manson JE, Stampfer MJ, et al. Cigarette smoking and the risk of 

diabetes in women. Am J Public Health. Feb 1993;83(2):211-214. 
 
18. Salmasi G, Grady R, Jones J, McDonald SD. Environmental tobacco smoke 

exposure and perinatal outcomes: a systematic review and meta-analyses. Acta 
Obstet Gynecol Scand.89(4):423-441. 

 
19. Johansen AM, Wilcox AJ, Lie RT, Andersen LF, Drevon CA. Maternal 

consumption of coffee and caffeine-containing beverages and oral clefts: a 
population-based case-control study in Norway. Am J Epidemiol. May 15 
2009;169(10):1216-1222. 

 
20. Kirkinen P, Jouppila P, Koivula A, Vuori J, Puukka M. The effect of caffeine on 

placental and fetal blood flow in human pregnancy. Am J Obstet Gynecol. Dec 15 
1983;147(8):939-942. 

 
21. Miller EA, Manning SE, Rasmussen SA, Reefhuis J, Honein MA. Maternal 

exposure to tobacco smoke, alcohol and caffeine, and risk of anorectal atresia: 
National Birth Defects Prevention Study 1997-2003. Paediatr Perinat Epidemiol. 
Jan 2009;23(1):9-17. 

 
22. Schmidt RJ, Romitti PA, Burns TL, Browne ML, Druschel CM, Olney RS. 

Maternal caffeine consumption and risk of neural tube defects. Birth Defects Res 
A Clin Mol Teratol. Nov 2009;85(11):879-889. 

 
23. Botto LD, Olney RS, Erickson JD. Vitamin supplements and the risk for 

congenital anomalies other than neural tube defects. Am J Med Genet C Semin 
Med Genet. Feb 15 2004;125(1):12-21. 

 
24. Carmichael SL, Rasmussen SA, Lammer EJ, Ma C, Shaw GM. Craniosynostosis 

and nutrient intake during pregnancy. Birth Defects Res A Clin Mol Teratol. Sep 
14. 

 



111 
 

 

25. Czeizel AE, Dudas I. Prevention of the first occurrence of neural-tube defects by 
periconceptional vitamin supplementation. N Engl J Med. Dec 24 
1992;327(26):1832-1835. 

 
26. Loffredo LC, Souza JM, Freitas JA, Mossey PA. Oral clefts and vitamin 

supplementation. Cleft Palate Craniofac J. Jan 2001;38(1):76-83. 
 
27. De Santis M, Straface G, Carducci B, et al. Risk of drug-induced congenital 

defects. Eur J Obstet Gynecol Reprod Biol. Nov 10 2004;117(1):10-19. 
 
28. Bernheim N, Georges M, Malevez C, De Mey A, Mansbach A. Embryology and 

epidemiology of cleft lip and palate. B-Ent. 2006;2 Suppl 4:11-19. 
 
29. Sanlaville D, Verloes A. CHARGE syndrome: an update. Eur J Hum Genet. Apr 

2007;15(4):389-399. 
 
30. Cecchetto A, Rampazzo A, Angelini A, et al. From molecular mechanisms of 

cardiac development to genetic substrate of congenital heart diseases. Future 
Cardiol. May;6(3):373-393. 

 
31. Marazita ML, Mooney MP. Current concepts in the embryology and genetics of 

cleft lip and cleft palate. Clin Plast Surg. Apr 2004;31(2):125-140. 
 
32. Mossey PA, Little J, Munger RG, Dixon MJ, Shaw WC. Cleft lip and palate. 

Lancet. Nov 21 2009;374(9703):1773-1785. 
 
33. Dunham ME, Miller RP. Bilateral choanal atresia associated with malformation of 

the anterior skull base: embryogenesis and clinical implications. Ann Otol Rhinol 
Laryngol. Nov 1992;101(11):916-919. 

 
34. Johnston MC. The neural crest in abnormalities of the face and brain. Birth 

Defects Orig Artic Ser. 1975;11(7):1-18. 
 
35. Bamforth JS, Hughes IA, Lazarus JH, Weaver CM, Harper PS. Congenital 

hypothyroidism, spiky hair, and cleft palate. J Med Genet. Jan 1989;26(1):49-51. 
 
36. Lowe LH, Booth TN, Joglar JM, Rollins NK. Midface anomalies in children. 

Radiographics. Jul-Aug 2000;20(4):907-922; quiz 1106-1107, 1112. 
 
37. Coniglio JU, Manzione JV, Hengerer AS. Anatomic findings and management of 

choanal atresia and the CHARGE association. Ann Otol Rhinol Laryngol. Sep-Oct 
1988;97(5 Pt 1):448-453. 

 
38. Stankiewicz JA. Pediatric endoscopic nasal and sinus surgery. Otolaryngol Head 

Neck Surg. Sep 1995;113(3):204-210. 



112 
 

 

39. Clementi M, Di Gianantonio E, Pelo E, Mammi I, Basile RT, Tenconi R. 
Methimazole embryopathy: delineation of the phenotype. Am J Med Genet. Mar 5 
1999;83(1):43-46. 

 
40. Wolf D, Foulds N, Daya H. Antenatal carbimazole and choanal atresia: a new 

embryopathy. Arch Otolaryngol Head Neck Surg. Sep 2006;132(9):1009-1011. 
 
41. Williams HJ. Posterior choanal atresia. Am J Roentgenol Radium Ther Nucl Med. 

May 1971;112(1):1-11. 
 
42. Brown OE, Pownell P, Manning SC. Choanal atresia: a new anatomic 

classification and clinical management applications. Laryngoscope. Jan 
1996;106(1 Pt 1):97-101. 

 
43. Josephson GD, Vickery CL, Giles WC, Gross CW. Transnasal endoscopic repair 

of congenital choanal atresia: long-term results. Arch Otolaryngol Head Neck 
Surg. May 1998;124(5):537-540. 

 
44. Schoem SR. Transnasal endoscopic repair of choanal atresia: why stent? 

Otolaryngol Head Neck Surg. Oct 2004;131(4):362-366. 
 
45. Freng A. Congenital choanal atresia. Etiology, morphology and diagnosis in 82 

cases. Scand J Plast Reconstr Surg. 1978;12(3):261-265. 
 
46. Sroka R, Rosler P, Janda P, Grevers G, Leunig A. Endonasal laser surgery with a 

new laser fiber guidance instrument. Laryngoscope. Feb 2000;110(2 Pt 1):332-
334. 

 
47. Eladl HM. Transnasal endoscopic repair of bilateral congenital choanal atresia: 

controversies. J Laryngol Otol. Apr;124(4):387-392. 
 
48. Schraff SA, Vijayasekaran S, Meinzen-Derr J, Myer CM. Management of choanal 

atresia in CHARGE association patients: a retrospective review. Int J Pediatr 
Otorhinolaryngol. Jul 2006;70(7):1291-1297. 

 
49. Zuckerman JD, Zapata S, Sobol SE. Single-stage choanal atresia repair in the 

neonate. Arch Otolaryngol Head Neck Surg. Oct 2008;134(10):1090-1093. 
 
50. Tate JR, Sykes J. Congenital nasal pyriform aperture stenosis. Otolaryngol Clin 

North Am. Jun 2009;42(3):521-525. 
 
51. Osovsky M, Aizer-Danon A, Horev G, Sirota L. Congenital pyriform aperture 

stenosis. Pediatr Radiol. Jan 2007;37(1):97-99. 
 



113 
 

 

52. Tavin E, Stecker E, Marion R. Nasal pyriform aperture stenosis and the 
holoprosencephaly spectrum. Int J Pediatr Otorhinolaryngol. Jan 1994;28(2-
3):199-204. 

 
53. Krol BJ, Hulka GF, Drake A. Congenital nasal pyriform aperture stenosis in the 

monozygotic twin of a child with holoprosencephaly. Otolaryngol Head Neck 
Surg. May 1998;118(5):679-681. 

 
54. Gershoni-Baruch R. Choanal atresia: evidence for autosomal recessive 

inheritance. Am J Med Genet. Dec 1 1992;44(6):754-756. 
 
55. Bhattacharyya AK, Lund VJ. Unilateral choanal atresia in siblings--a rare 

occurrence. J Laryngol Otol. Jul 1996;110(7):665-667. 
 
56. Skolnik EM, Kotler R, Hanna WA. Choanal atresia. Otolaryngol Clin North Am. 

Oct 1973;6(3):783-789. 
 
57. Aramaki M, Udaka T, Kosaki R, et al. Phenotypic spectrum of CHARGE 

syndrome with CHD7 mutations. J Pediatr. Mar 2006;148(3):410-414. 
 
58. Jongmans MC, Admiraal RJ, van der Donk KP, et al. CHARGE syndrome: the 

phenotypic spectrum of mutations in the CHD7 gene. J Med Genet. Apr 
2006;43(4):306-314. 

 
59. Leclerc JE, Fearon B. Choanal atresia and associated anomalies. Int J Pediatr 

Otorhinolaryngol. Oct 1987;13(3):265-272. 
 
60. Johnson D, Morrison N, Grant L, et al. Confirmation of CHD7 as a cause of 

CHARGE association identified by mapping a balanced chromosome 
translocation in affected monozygotic twins. J Med Genet. Mar 2006;43(3):280-
284. 

 
61. Vissers LE, van Ravenswaaij CM, Admiraal R, et al. Mutations in a new member 

of the chromodomain gene family cause CHARGE syndrome. Nat Genet. Sep 
2004;36(9):955-957. 

 
62. Dupe V, Matt N, Garnier JM, Chambon P, Mark M, Ghyselinck NB. A newborn 

lethal defect due to inactivation of retinaldehyde dehydrogenase type 3 is 
prevented by maternal retinoic acid treatment. Proc Natl Acad Sci U S A. Nov 25 
2003;100(24):14036-14041. 

 
63. Hehr U, Muenke M. Craniosynostosis syndromes: from genes to premature fusion 

of skull bones. Mol Genet Metab. Oct 1999;68(2):139-151. 
 



114 
 

 

64. Michnovicz JJ, Hershcopf RJ, Naganuma H, Bradlow HL, Fishman J. Increased 
2-hydroxylation of estradiol as a possible mechanism for the anti-estrogenic effect 
of cigarette smoking. N Engl J Med. Nov 20 1986;315(21):1305-1309. 

 
65. Haskins AE, Bertone-Johnson ER, Pekow P, Carbone E, Fortner RT, Chasan-

Taber L. Smoking during pregnancy and risk of abnormal glucose tolerance: a 
prospective cohort study. BMC Pregnancy Childbirth.10:55. 

 
66. Esposito ER, Horn KH, Greene RM, Pisano MM. An animal model of cigarette 

smoke-induced in utero growth retardation. Toxicology. Apr 18 2008;246(2-
3):193-202. 

 
67. Nelson E, Jodscheit K, Guo Y. Maternal passive smoking during pregnancy and 

fetal developmental toxicity. Part 1: gross morphological effects. Hum Exp 
Toxicol. Apr 1999;18(4):252-256. 

 
68. Honein MA, Rasmussen SA, Reefhuis J, et al. Maternal smoking and 

environmental tobacco smoke exposure and the risk of orofacial clefts. 
Epidemiology. Mar 2007;18(2):226-233. 

 
69. van Rooij IA, Groenen PM, van Drongelen M, Te Morsche RH, Peters WH, 

Steegers-Theunissen RP. Orofacial clefts and spina bifida: N-acetyltransferase 
phenotype, maternal smoking, and medication use. Teratology. Nov 
2002;66(5):260-266. 

 
70. Ethen MK, Ramadhani TA, Scheuerle AE, et al. Alcohol consumption by women 

before and during pregnancy. Matern Child Health J. Mar 2009;13(2):274-285. 
 
71. Henderson J, Kesmodel U, Gray R. Systematic review of the fetal effects of 

prenatal binge-drinking. J Epidemiol Community Health. Dec 2007;61(12):1069-
1073. 

 
72. Plant ML, Plant MA. Maternal use of alcohol and other drugs during pregnancy 

and birth abnormalities: further results from a prospective study. Alcohol Alcohol. 
1988;23(3):229-233. 

 
73. Cartwright MM, Smith SM. Stage-dependent effects of ethanol on cranial neural 

crest cell development: partial basis for the phenotypic variations observed in 
fetal alcohol syndrome. Alcohol Clin Exp Res. Dec 1995;19(6):1454-1462. 

 
74. Chen SY, Sulik KK. Free radicals and ethanol-induced cytotoxicity in neural crest 

cells. Alcohol Clin Exp Res. Sep 1996;20(6):1071-1076. 
 
75. Bonthius DJ, Goodlett CR, West JR. Blood alcohol concentration and severity of 

microencephaly in neonatal rats depend on the pattern of alcohol administration. 
Alcohol. May-Jun 1988;5(3):209-214. 



115 
 

 

76. Olsen J, Tuntiseranee P. Is moderate alcohol intake in pregnancy associated with 
the craniofacial features related to the fetal alcohol syndrome? Scand J Soc Med. 
Sep 1995;23(3):156-161. 

 
77. Lorente C, Cordier S, Goujard J, et al. Tobacco and alcohol use during pregnancy 

and risk of oral clefts. Occupational Exposure and Congenital Malformation 
Working Group. Am J Public Health. Mar 2000;90(3):415-419. 

 
78. Munger RG, Romitti PA, Daack-Hirsch S, Burns TL, Murray JC, Hanson J. 

Maternal alcohol use and risk of orofacial cleft birth defects. Teratology. Jul 
1996;54(1):27-33. 

 
79. Shaw GM, Lammer EJ. Maternal periconceptional alcohol consumption and risk 

for orofacial clefts. J Pediatr. Mar 1999;134(3):298-303. 
 
80. Romitti PA, Sun L, Honein MA, Reefhuis J, Correa A, Rasmussen SA. Maternal 

periconceptional alcohol consumption and risk of orofacial clefts. Am J 
Epidemiol. Oct 1 2007;166(7):775-785. 

 
81. Nehlig A, Debry G. Potential teratogenic and neurodevelopmental consequences 

of coffee and caffeine exposure: a review on human and animal data. 
Neurotoxicol Teratol. Nov-Dec 1994;16(6):531-543. 

 
82. Scott WJ, Jr. Caffeine-induced limb malformations: description of malformations 

and quantitation of placental transfer. Teratology. Dec 1983;28(3):427-435. 
 
83. Iwase T, Arishima K, Ohyama N, et al. In vitro study of teratogenic effects of 

caffeine on cultured rat embryos and embryonic cells. J Vet Med Sci. Jun 
1994;56(3):619-621. 

 
84. Salvador HS, Koos BJ. Effects of regular and decaffeinated coffee on fetal 

breathing and heart rate. Am J Obstet Gynecol. May 1989;160(5 Pt 1):1043-1047. 
 
85. Browne ML. Maternal exposure to caffeine and risk of congenital anomalies: a 

systematic review. Epidemiology. May 2006;17(3):324-331. 
 
86. Christian MS, Brent RL. Teratogen update: evaluation of the reproductive and 

developmental risks of caffeine. Teratology. Jul 2001;64(1):51-78. 
 
87. Kurppa K, Holmberg PC, Kuosma E, Saxen L. Coffee consumption during 

pregnancy and selected congenital malformations: a nationwide case-control 
study. Am J Public Health. Dec 1983;73(12):1397-1399. 

 
88. McDonald AD, Armstrong BG, Sloan M. Cigarette, alcohol, and coffee 

consumption and congenital defects. Am J Public Health. Jan 1992;82(1):91-93. 



116 
 

 

89. Rosenberg L, Mitchell AA, Shapiro S, Slone D. Selected birth defects in relation 
to caffeine-containing beverages. Jama. Mar 12 1982;247(10):1429-1432. 

 
90. Clark JD, Mossey PA, Sharp L, Little J. Socioeconomic status and orofacial clefts 

in Scotland, 1989 to 1998. Cleft Palate Craniofac J. Sep 2003;40(5):481-485. 
 
91. Werler MM, Hayes C, Louik C, Shapiro S, Mitchell AA. Multivitamin 

supplementation and risk of birth defects. Am J Epidemiol. Oct 1 
1999;150(7):675-682. 

 
92. Botto LD, Mulinare J, Erickson JD. Occurrence of congenital heart defects in 

relation to maternal mulitivitamin use. Am J Epidemiol. May 1 2000;151(9):878-
884. 

 
93. Bitsko RH, Reefhuis J, Romitti PA, Moore CA, Honein MA. Periconceptional 

consumption of vitamins containing folic acid and risk for multiple congenital 
anomalies. Am J Med Genet A. Oct 15 2007;143A(20):2397-2405. 

 
94. Itikala PR, Watkins ML, Mulinare J, Moore CA, Liu Y. Maternal multivitamin 

use and orofacial clefts in offspring. Teratology. Feb 2001;63(2):79-86. 
 
95. Shaw GM, Croen LA, Todoroff K, Tolarova MM. Periconceptional intake of 

vitamin supplements and risk of multiple congenital anomalies. Am J Med Genet. 
Jul 31 2000;93(3):188-193. 

 
96. Shaw GM, Carmichael SL, Laurent C, Rasmussen SA. Maternal nutrient intakes 

and risk of orofacial clefts. Epidemiology. May 2006;17(3):285-291. 
 
97. Yuskiv N, Honein MA, Moore CA. Reported multivitamin consumption and the 

occurrence of multiple congenital anomalies. Am J Med Genet A. Jul 1 
2005;136(1):1-7. 

 
98. Krapels IP, van Rooij IA, Ocke MC, West CE, van der Horst CM, Steegers-

Theunissen RP. Maternal nutritional status and the risk for orofacial cleft 
offspring in humans. J Nutr. Nov 2004;134(11):3106-3113. 

 
99. Andrade SE, Raebel MA, Morse AN, et al. Use of prescription medications with a 

potential for fetal harm among pregnant women. Pharmacoepidemiol Drug Saf. 
Aug 2006;15(8):546-554. 

 
100. Lo WY, Friedman JM. Teratogenicity of recently introduced medications in 

human pregnancy. Obstet Gynecol. Sep 2002;100(3):465-473. 
 
101. Taussig HB. Phocomelia and thalidomide. Am J Obstet Gynecol. Oct 1 

1962;84:979. 



117 
 

 

102. Riley EH, Fuentes-Afflick E, Jackson RA, et al. Correlates of prescription drug 
use during pregnancy. J Womens Health (Larchmt). Jun 2005;14(5):401-409. 

 
103. Kallen B. Maternal drug use and infant cleft lip/palate with special reference to 

corticoids. Cleft Palate Craniofac J. Nov 2003;40(6):624-628. 
 
104. Carmichael SL, Shaw GM, Ma C, Werler MM, Rasmussen SA, Lammer EJ. 

Maternal corticosteroid use and orofacial clefts. Am J Obstet Gynecol. Dec 
2007;197(6):585 e581-587; discussion 683-584, e581-587. 

 
105. Abrishamchian AR, Khoury MJ, Calle EE. The contribution of maternal epilepsy 

and its treatment to the etiology of oral clefts: a population based case-control 
study. Genet Epidemiol. 1994;11(4):343-351. 

 
106. Ericson A, Kallen BA. Nonsteroidal anti-inflammatory drugs in early pregnancy. 

Reprod Toxicol. Jul-Aug 2001;15(4):371-375. 
 
107. Hernandez-Diaz S, Werler MM, Walker AM, Mitchell AA. Folic acid antagonists 

during pregnancy and the risk of birth defects. N Engl J Med. Nov 30 
2000;343(22):1608-1614. 

 
108. Barbero P, Ricagni C, Mercado G, Bronberg R, Torrado M. Choanal atresia 

associated with prenatal methimazole exposure: three new patients. Am J Med 
Genet A. Aug 15 2004;129(1):83-86. 

 
109. Barbero P, Valdez R, Rodriguez H, et al. Choanal atresia associated with maternal 

hyperthyroidism treated with methimazole: a case-control study. Am J Med Genet 
A. Sep 15 2008;146A(18):2390-2395. 

 
110. Greenberg F. Choanal atresia and athelia: methimazole teratogenicity or a new 

syndrome? Am J Med Genet. Dec 1987;28(4):931-934. 
 

111. Johnsson E, Larsson G, Ljunggren M. Severe malformations in infant born to 
hyperthyroid woman on methimazole. Lancet. Nov 22 1997;350(9090):1520. 

 
112. Mortimer RH, Cannell GR, Addison RS, Johnson LP, Roberts MS, Bernus I. 

Methimazole and propylthiouracil equally cross the perfused human term 
placental lobule. J Clin Endocrinol Metab. Sep 1997;82(9):3099-3102. 

 
113. Kannan L, Mishra S, Agarwal R, Kartikeyan V, Gupta N, Kabra M. Carbimazole 

embryopathy-bilateral choanal atresia and patent vitello-intestinal duct: a case 
report and review of literature. Birth Defects Res A Clin Mol Teratol. Sep 
2008;82(9):649-651. 

 
114. Benjamin B. Choanal atresia. Adv Otorhinolaryngol. 1978;23:65-72. 



118 
 

 

115. Black RJ, Pracy R, Evans JN. Congenital posterior choanal atresia. Clin 
Otolaryngol Allied Sci. Aug 1983;8(4):251-255. 

 
116. Bose PK, Jones GP. Choanal atresia. J Laryngol Otol. Aug 1983;97(8):711-717. 
 
117. Craig DH, Simpson NM. Posterior choanal atresia, with a report of ten cases. J 

Laryngol Otol. Sep 1959;73:603-611. 
 
118. Enriquez G, Gil D, Lucaya J, Aso C. Choanal atresia. Report of seventeen cases. 

Helv Paediatr Acta. Oct 1983;38(4):341-346. 
 
119. Flake CG, Ferguson CF. Congenital Choanal Atresia in Infants and Children. Ann 

Otol Rhinol Laryngol. Jun 1964;73:458-473. 
 
120. Gosepath J, Santamaria VE, Lippert BM, Mann WJ. Forty-one cases of congenital 

choanal atresia over 26 years--retrospective analysis of outcome and technique. 
Rhinology. Jun 2007;45(2):158-163. 

 
121. Kawashiro N, Koga K, Tsuchihashi N, Araki A. Choanal atresia and congenital 

pharyngeal stenosis. Acta Otolaryngol Suppl. 1994;517:27-32. 
 
122. Mir NA, Grewal BS, Kishan J, Elzouki AY, Bhatia JN. Congenital choanal atresia 

in North African infants. Ann Trop Paediatr. Jun 1986;6(2):141-144. 
 
123. Sadek SA. Congenital bilateral choanal atresia. Int J Pediatr Otorhinolaryngol. 

Jan 1998;42(3):247-256. 
 
124. Schwartz ML, Savetsky L. Choanal atresia: clinical features, surgical approach, 

and long-term follow-up. Laryngoscope. Dec 1986;96(12):1335-1339. 
 
125. Winther LK. Congenital choanal atresia. Arch Dis Child. Apr 1978;53(4):338-

340. 
 
126. Yoon PW, Rasmussen SA, Lynberg MC, et al. The National Birth Defects 

Prevention Study. Public Health Rep. 2001;116 Suppl 1:32-40. 
 
127. Rasmussen SA, Olney RS, Holmes LB, Lin AE, Keppler-Noreuil KM, Moore 

CA. Guidelines for case classification for the National Birth Defects Prevention 
Study. Birth Defects Res A Clin Mol Teratol. Mar 2003;67(3):193-201. 

 
128. Willett WC, Reynolds RD, Cottrell-Hoehner S, Sampson L, Browne ML. 

Validation of a semi-quantitative food frequency questionnaire: comparison with 
a 1-year diet record. J Am Diet Assoc. Jan 1987;87(1):43-47. 

 
129. U.S. Department of Agriculture Agricultural Research Service. 2006. USDA 

National Nutrient Database for Standard Reference R. 



119 
 

 

130. Kelley K, Kelley T, Kaufman D. The Slone Drug Dictionary: A research driven 
pharmacoepidemiology tool. Pharmacoepidemiol Drug Saf. Nov 2003;12:S168-
169. 

 
131.     Martin JA, Hamilton BE, Sutton PD, et al. Births: final data for 2005. Natl Vital 

Stat Rep. Dec 5 2007;56(6):1-103. 
 
132. Pickett KE, Wakschlag LS, Rathouz PJ, Leventhal BL, Abrams B. The working-

class context of pregnancy smoking. Health Place. Sep 2002;8(3):167-175. 
 
133. Tong VT, Jones JR, Dietz PM, D'Angelo D, Bombard JM. Trends in smoking 

before, during, and after pregnancy - Pregnancy Risk Assessment Monitoring 
System (PRAMS), United States, 31 sites, 2000-2005. MMWR Surveill Summ. 
May 29 2009;58(4):1-29. 

 
134. George L, Granath F, Johansson AL, Cnattingius S. Self-reported nicotine 

exposure and plasma levels of cotinine in early and late pregnancy. Acta Obstet 
Gynecol Scand. 2006;85(11):1331-1337. 

 
135. Pickett KE, Kasza K, Biesecker G, Wright RJ, Wakschlag LS. Women who 

remember, women who do not: a methodological study of maternal recall of 
smoking in pregnancy. Nicotine Tob Res. Oct 2009;11(10):1166-1174. 

 
136. Klebanoff MA, Levine RJ, Morris CD, et al. Accuracy of self-reported cigarette 

smoking among pregnant women in the 1990s. Paediatr Perinat Epidemiol. Apr 
2001;15(2):140-143. 

 
137. Brigham J, Lessov-Schlaggar CN, Javitz HS, McElroy M, Krasnow R, Swan GE. 

Reliability of adult retrospective recall of lifetime tobacco use. Nicotine Tob Res. 
Feb 2008;10(2):287-299. 

 
138. Chung KC, Kowalski CP, Kim HM, Buchman SR. Maternal cigarette smoking 

during pregnancy and the risk of having a child with cleft lip/palate. Plast 
Reconstr Surg. Feb 2000;105(2):485-491. 

 
139. Lieff S, Olshan AF, Werler M, Strauss RP, Smith J, Mitchell A. Maternal 

cigarette smoking during pregnancy and risk of oral clefts in newborns. Am J 
Epidemiol. Oct 1 1999;150(7):683-694. 

 
140. Werler MM, Lammer EJ, Rosenberg L, Mitchell AA. Maternal cigarette smoking 

during pregnancy in relation to oral clefts. Am J Epidemiol. Nov 
1990;132(5):926-932. 

141. Zhang B, Jiao X, Mao L, Xue J. Maternal cigarette smoking and the associated 
risk of having a child with orofacial clefts in China: A case-control study. J 
Craniomaxillofac Surg. Sep 8. 

 



120 
 

 

142. Kallen K. Maternal smoking and orofacial clefts. Cleft Palate Craniofac J. Jan 
1997;34(1):11-16. 

 
143. Little J, Cardy A, Munger RG. Tobacco smoking and oral clefts: a meta-analysis. 

Bull World Health Organ. Mar 2004;82(3):213-218. 
 
144. Hwang SJ, Beaty TH, Panny SR, et al. Association study of transforming growth 

factor alpha (TGF alpha) TaqI polymorphism and oral clefts: indication of gene-
environment interaction in a population-based sample of infants with birth 
defects. Am J Epidemiol. Apr 1 1995;141(7):629-636. 

 
145. Shaw GM, Wasserman CR, Lammer EJ, et al. Orofacial clefts, parental cigarette 

smoking, and transforming growth factor-alpha gene variants. Am J Hum Genet. 
Mar 1996;58(3):551-561. 

 
146. Laurent SL, Thompson SJ, Addy C, Garrison CZ, Moore EE. An epidemiologic 

study of smoking and primary infertility in women. Fertil Steril. Mar 
1992;57(3):565-572. 

 
147. Huang J, Okuka M, McLean M, Keefe DL, Liu L. Effects of cigarette smoke on 

fertilization and embryo development in vivo. Fertil Steril. Oct 2009;92(4):1456-
1465. 

 
148. Gocze PM, Szabo I, Freeman DA. Influence of nicotine, cotinine, anabasine and 

cigarette smoke extract on human granulosa cell progesterone and estradiol 
synthesis. Gynecol Endocrinol. Aug 1999;13(4):266-272. 

 
149. Seller MJ, Bnait KS. Effects of tobacco smoke inhalation on the developing 

mouse embryo and fetus. Reprod Toxicol. Sep-Oct 1995;9(5):449-459. 
 
150. Alvik A, Haldorsen T, Lindemann R. Consistency of reported alcohol use by 

pregnant women: anonymous versus confidential questionnaires with item 
nonresponse differences. Alcohol Clin Exp Res. Aug 2005;29(8):1444-1449. 

 
151. Ernhart CB, Morrow-Tlucak M, Sokol RJ, Martier S. Underreporting of alcohol 

use in pregnancy. Alcohol Clin Exp Res. Aug 1988;12(4):506-511. 
 
152. Rovasio RA, Battiato NL. Ethanol induces morphological and dynamic changes 

on in vivo and in vitro neural crest cells. Alcohol Clin Exp Res. Aug 
2002;26(8):1286-1298. 

 
153. Wentzel P, Eriksson UJ. Altered gene expression in neural crest cells exposed to 

ethanol in vitro. Brain Res. Dec 11 2009;1305 Suppl:S50-60. 
 
154. Chan RL, Olshan AF, Savitz DA, et al. Maternal Influences on Nausea and 

Vomiting in Early Pregnancy. Matern Child Health J. Dec 11 2009. 



121 
 

 

 
155. Collier SA, Browne ML, Rasmussen SA, Honein MA. Maternal caffeine intake 

during pregnancy and orofacial clefts. Birth Defects Res A Clin Mol Teratol. Oct 
2009;85(10):842-849. 

 
156. Morck TA, Lynch SR, Cook JD. Inhibition of food iron absorption by coffee. Am 

J Clin Nutr. Mar 1983;37(3):416-420. 
 
157. Block G. A review of validations of dietary assessment methods. Am J Epidemiol. 

Apr 1982;115(4):492-505. 
 
158. Munger RG, Folsom AR, Kushi LH, Kaye SA, Sellers TA. Dietary assessment of 

older Iowa women with a food frequency questionnaire: nutrient intake, 
reproducibility, and comparison with 24-hour dietary recall interviews. Am J 
Epidemiol. Jul 15 1992;136(2):192-200. 

 
159. Willett WNE, 2nd ed. Oxford: Oxford University Press. 1998. 
 
160. Johansen AM, Lie RT, Wilcox AJ, Andersen LF, Drevon CA. Maternal dietary 

intake of vitamin A and risk of orofacial clefts: a population-based case-control 
study in Norway. Am J Epidemiol. May 15 2008;167(10):1164-1170. 

 
161. Hozyasz KK, Kaczmarczyk M, Dudzik J, Bulska E, Dudkiewicz Z, Szymanski M. 

Relation between the concentration of zinc in maternal whole blood and the risk 
of an infant being born with an orofacial cleft. Br J Oral Maxillofac Surg. Sep 
2009;47(6):466-469. 

 
162. Cunningham-Rundles S, McNeeley DF, Moon A. Mechanisms of nutrient 

modulation of the immune response. J Allergy Clin Immunol. Jun 
2005;115(6):1119-1128; quiz 1129. 

 
163. Tamura T, Munger RG, Corcoran C, Bacayao JY, Nepomuceno B, Solon F. 

Plasma zinc concentrations of mothers and the risk of nonsyndromic oral clefts in 
their children: a case-control study in the Philippines. Birth Defects Res A Clin 
Mol Teratol. Sep 2005;73(9):612-616. 

 
164. Finnell RH, Shaw GM, Lammer EJ, Brandl KL, Carmichael SL, Rosenquist TH. 

Gene-nutrient interactions: importance of folates and retinoids during early 
embryogenesis. Toxicol Appl Pharmacol. Jul 15 2004;198(2):75-85. 

 
165. Chambon P. A decade of molecular biology of retinoic acid receptors. Faseb J. 

Jul 1996;10(9):940-954. 
 
166. Mangelsdorf DJ, Evans RM. The RXR heterodimers and orphan receptors. Cell. 

Dec 15 1995;83(6):841-850. 
 



122 
 

 

167. Lohnes D, Kastner P, Dierich A, Mark M, LeMeur M, Chambon P. Function of 
retinoic acid receptor gamma in the mouse. Cell. May 21 1993;73(4):643-658. 

 
168. Al-Saleh E, Nandakumaran M, Al-Shammari M, Al-Falah F, Al-Harouny A. 

Assessment of maternal-fetal status of some essential trace elements in pregnant 
women in late gestation: relationship with birth weight and placental weight. J 
Matern Fetal Neonatal Med. Jul 2004;16(1):9-14. 

 
169. Krachler M, Rossipal E, Micetic-Turk D. Trace element transfer from the mother 

to the newborn--investigations on triplets of colostrum, maternal and umbilical 
cord sera. Eur J Clin Nutr. Jun 1999;53(6):486-494. 

 
170. Shah D, Sachdev HP. Zinc deficiency in pregnancy and fetal outcome. Nutr Rev. 

Jan 2006;64(1):15-30. 
 
171. Krapels IP, Zielhuis GA, Vroom F, et al. Periconceptional health and lifestyle 

factors of both parents affect the risk of live-born children with orofacial clefts. 
Birth Defects Res A Clin Mol Teratol. Aug 2006;76(8):613-620. 

 
172. Hanna LA, Clegg MS, Ellis-Hutchings RG, Niles BJ, Keen CL. The influence of 

gestational zinc deficiency on the fetal insulin-like growth factor axis in the rat. 
Exp Biol Med (Maywood). Feb 2010;235(2):206-214. 

 
173. Peariso K, Zhou ZS, Smith AE, Matthews RG, Penner-Hahn JE. Characterization 

of the zinc sites in cobalamin-independent and cobalamin-dependent methionine 
synthase using zinc and selenium X-ray absorption spectroscopy. Biochemistry. 
Jan 30 2001;40(4):987-993. 

 
174. Wilson PD, Loffredo CA, Correa-Villasenor A, Ferencz C. Attributable fraction 

for cardiac malformations. Am J Epidemiol. 1998;148:414-423. 
 
175. Banhidy F, Acs N, Puho EH, Czeizel AE. Maternal urinary tract infection and 

related drug treatments during pregnancy and risk of congenital abnormalities in 
the offspring. Bjog. Dec 2006;113(12):1465-1471. 

 
176. Cogswell ME, Bitsko RH, Anderka M, et al. Control selection and participation in 

an ongoing, population-based, case-control study of birth defects: the National 
Birth Defects Prevention Study. Am J Epidemiol. Oct 15 2009;170(8):975-985. 
 

 


	University of Iowa
	Iowa Research Online
	Fall 2010

	Epidemiology of choanal atresia - the National Birth Defects Prevention Study
	Vijaya Kancherla
	Recommended Citation


	Microsoft Word - External Abstract_CA NBDPS_Kancherla5

