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Abstract
Purpose—The objective of this study was to examine the associations between paternal age and
birth defects of unknown etiologies while carefully controlling for maternal age.

Methods—Using 1997–2004 data from the National Birth Defects Prevention Study, we fit logistic
regression models with paternal and maternal age as continuous variables while adjusting for
demographic and other factors.

Results—Elevated odds ratios for each year increase in paternal age were found for cleft palate
(odds ratio (OR) = 1.02, 95% confidence interval (CI): 1.00, 1.04), diaphragmatic hernia (OR = 1.04,
95% CI: 1.02, 1.06), right ventricular outflow tract obstruction (OR = 1.03, 95% CI: 1.01, 1.04), and
pulmonary valve stenosis (OR = 1.02, 95% CI: 1.01, 1.04). At younger paternal ages, each year
increase in paternal age correlated with increased odds of having offspring with encephalocele,
cataract, esophageal atresia, anomalous pulmonary venous return, and coarctation of the aorta, but
these increased odds were not observed at older paternal ages. The effect of paternal age was modified
by maternal age for gastroschisis, omphalocele, spina bifida, all orofacial clefts, and septal heart
defects.

Conclusions—Our findings suggest that paternal age may be a risk factor for some multifactorial
birth defects.
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Advanced paternal age is associated with increased DNA mutations and chromosomal
aberrations in sperm (1,2,3,4). The risk of miscarriage rises with paternal age (1,5,6,7,8),
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consistent with an increased frequency of genetic abnormalities in the embryo. Due to the
increase in DNA mutations in sperm, older men are at higher risk of fathering children with
certain autosomal dominant genetic disorders, such as achondroplasia, Apert syndrome, and
Marfan syndrome (4,9,10,11,12). Genetic changes in sperm associated with advanced paternal
age could lead to an increased risk for birth defects in offspring. Previous studies have found
associations between advanced paternal age and several birth defects, including cleft lip (13,
14), cleft palate (13,14,15), all orofacial clefts (16,17,18,19), hydrocephalus (17,20), neural
tube defects (21), hypospadias (22), craniosynostosis (22), congenital cataracts (21), limb
reduction defects (21), malformations of the extremities (23), tracheo-esophageal fistula/
esophageal atresia (24), pulmonic stenosis (17), atrial septal defects (ASDs) (25), ventricular
septal defects (VSDs) (25), situs inversus (20), and congenital heart defects (overall) (14,25).
At the other end of the age spectrum, associations have been reported between young paternal
age and neural tube defects (21,24,26), hypospadias (21), gastroschisis (24,27,28,29,30), ASDs
(20,25), VSDs (20,25), and congenital heart defects (overall) (24,31). However, these studies
have not generally replicated each others’ findings. Furthermore, the definition of young or
advanced paternal age varied between studies, as well as whether maternal and paternal ages
were analyzed categorically or as continuous variables.

The associations between birth defects and paternal age need to be comprehensively evaluated,
with careful attention paid to potential confounding by maternal age. Our study used data from
the National Birth Defects Prevention Study (NBDPS), one of the largest series of cases with
available paternal age (over 15,000 cases). We analyzed both paternal and maternal age as
continuous variables and included paternal and maternal age interaction terms when needed.

METHODS
Design and study population

We analyzed data from the NBDPS, an ongoing, population-based, multicenter case-control
study designed to investigate genetic and environmental risk factors for major birth defects.
Case infants with specific major structural birth defects were identified through birth defects
surveillance programs in Arkansas, California, Georgia, Iowa, Massachusetts, New Jersey,
New York, North Carolina, Texas, and Utah. Clinical geneticists reviewed case records,
including hospital reports and medical records, to ensure the birth defect(s) met the NBDPS
case definition. Cases included live born infants, stillborn infants, and terminations. Infants
with recognized or strongly suspected single-gene disorders or chromosomal abnormalities
were excluded. Control infants were live born infants with no major birth defects from the
same geographic locations, identified through hospital or vital records. Mothers of case and
control infants were interviewed by telephone, with response rates of 72% for case mothers
and 69% for control mothers. The NBDPS was approved by the institutional review boards of
participating study centers and the Centers for Disease Control and Prevention, and written
informed consent was obtained from all mothers. Yoon et al. (32) describe the study methods
in detail.

This analysis included infants born on or after October 1, 1997, with estimated delivery dates
on or before December 31, 2004 and complete maternal interviews. Children whose mothers
reported having type 1 or type 2 diabetes were excluded. Paternal and maternal ages at the
estimated delivery date were calculated using information from maternal interviews. Analyses
were performed for birth defect categories containing ≥100 case children (Table 1) and for
aggregate defect categories, including heart defects (overall) and all orofacial clefts. In
addition, we looked for associations with isolated defects (i.e., cases without multiple major
defects) for all defect categories. We evaluated associations between paternal age and multiple
major defects, comprising cases classified as multiple from all defect categories or complex
from all defect categories except amnion rupture sequence and limb body wall complex.
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(“Complex” refers to groups of defects often found co-occurring but which are not associated
with a known genetic mutation.) Cases categorized as complex were excluded from the
analyses of diaphragmatic hernia, omphalocele, and spina bifida, since they consisted mainly
of Pentalogy of Cantrell and OEIS (Omphalocele, Exstrophy, Imperforate anus, Spinal
defects). Cases categorized as syndromic (due to a strong family history of congenital cataracts)
were excluded from the analysis of cataracts, since some syndromic cases might be due to a
single gene mutation and thus have a different etiology from other cataracts cases.

Statistical analyses and potential confounders
For each defect category, we first fit quadratic logistic regression models with defect status as
the outcome and paternal age and maternal age as independent variables. Ages were modeled
continuously with initial models including linear and quadratic main effects for maternal and
paternal age as well as all two-way interactions between the age variables. To determine which
birth defect categories required paternal and maternal age interaction terms, the −2 log
likelihood ratio for models with and without the paternal and maternal age interaction terms
were compared for each defect category. If the difference between the two −2 log likelihood
ratios was equal to or less than the chi-square value (4 degrees of freedom, so chi-square =
9.48), then the interaction terms were dropped from the model for that defect category. If the
difference was >9.48, then the interaction terms were individually removed from the model to
determine which ones had to be kept in the model. Once final models for maternal and paternal
age were derived, demographic and other variables were included in the models as main effect.
Possible interaction terms between these factors and paternal age were evaluated, but none
were required in any of the models.

Demographic and other covariates included in the models were paternal race and ethnicity
(nonHispanic white, all other races and ethnicities), paternal education (0–12 years, >12 years),
paternal birthplace (United States, outside United States), maternal alcohol use during
pregnancy (yes, no), maternal smoking during pregnancy (yes, no), gravidity (primagravida,
previous pregnancy), previous miscarriage or stillbirth (yes, no), pregnancy plurality
(singleton, multiple), maternally reported paternal drug use (yes, no), periconceptional folic
acid use (yes, no), use of assisted reproductive technology (yes, no), and maternal body mass
index (BMI ≥ 30 kg/m2, BMI < 30 kg/m2). Demographic and other characteristics of cases and
controls are described in Cogswell et al. (33).

Adjusted per year odds ratios (ORs) and 95% confidence intervals (CIs) were estimated for
defect categories with final models having only a linear paternal age term and no interaction
between paternal and maternal age. We calculated ORs and CIs at selected paternal age
differences for the defect categories with final models that included quadratic paternal age
effects. For defect categories with final models that included interactions between maternal
and paternal age, we calculated ORs and CIs for selected combinations of these variables.

RESULTS
Using 1997–2004 NBDPS data, we investigated associations with paternal age for birth defect
categories with ≥100 cases, with a control group of 5,839 nonmalformed live born infants
(Table 1). The defect categories cleft palate, diaphragmatic hernia, right ventricular outflow
tract obstruction (RVOTO), and pulmonary valve stenosis (PVS) showed significant linear
associations with paternal age without requiring interaction terms or the quadratic term for
paternal age in their models (Table 2). To examine defects which could have different
phenotypes but a common etiology, we created a category including all cases with complex or
multiple defects. A subset might have unrecognized single gene disorders associated with
advanced paternal age, as seen for certain known single gene conditions. This category,
multiple and complex defects (overall), showed significant interactions with paternal age
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without requiring either interaction terms or the quadratic term for paternal age in the model
(Table 2). For each of these defect categories, we analyzed the cases with isolated defects,
excluding case children with complex and multiple defects. Results from these analyses were
similar to the results when all cases were included (Table 2). Analyses controlling only for
maternal age also showed similar results (Supplementary Table 1).

Models of the association of paternal age with encephalocele, cataracts, esophageal atresia,
APVR, and coarctation of the aorta required the quadratic term for paternal age indicating that
the per year change in the odds was not constant across paternal age. Adjusted ORs at paternal
ages of 20, 30, and 40 years are shown in Table 3 for each of these defect categories. These
ORs represent the change in odds between a single year difference in paternal age; for example,
the odds for a father who is 20 years of age compared with one who is 19. At younger paternal
ages (age 20 and, for some categories, age 30), the odds increased with each year increase in
paternal age, whereas the odds did not increase with each year increase in paternal age at older
paternal age (age 40) for all the defect categories in Table 3. However, although the per year
increase in odds was lower for older paternal ages, the cumulative odds of having a child with
encephalocele, cataracts, esophageal atresia, APVR, or coarctation of the aorta was estimated
to be substantially greater among older as compared to younger fathers. Esophageal atresia is
part of the VATER/VACTERL association (Vertebral, Anal, Cardiac, Tracheo-Esophageal,
Renal, and Limb anomalies), which in some instances could be due to unrecognized single
gene de novo mutations with an elevated advanced paternal age risk, and thus might be driving
the association with paternal age. Therefore, we examined the relationship between paternal
age and esophageal atresia excluding VATER/VACTERL cases and saw a slightly more
significant association at younger paternal ages, suggesting that VATER/VACTERL cases are
not the dominant factor in the association of paternal age with esophageal atresia. Results from
analyses controlling only for maternal age and analyses of isolated defects only showed similar
results (Supplementary Tables 2 and 3).

For defect categories with paternal and maternal age interaction terms, we summarized the
modeling results using graphs of the estimated ORs across a range of maternal and paternal
ages (Figure 1). We calculated estimated ORs for these categories for specified differences in
paternal age at selected values for maternal age (Table 4). Unlike most other defects studied,
gastroschisis showed an association with young paternal age, but only when mothers were
average (age 28) or above average age (age 35) (Figures 1A and Table 4). Furthermore, the
combination of advanced paternal and maternal age appeared to have a protective effect for
gastroschisis. In contrast, the combination of young maternal and paternal age was protective
for omphalocele, spina bifida, all orofacial clefts, and septal heart defects. For omphalocele,
increasing paternal age showed an association when maternal age was young, but correlated
with decreasing odds when mothers were advanced age (Figures 1B and Table 4). Spina bifida
was linked with increasing paternal age for younger but not older mothers (Figures 1C and
Table 4). All orofacial clefts showed an association with increased paternal age when the
mother was younger, but paternal age appeared to have more of a U-shaped effect when the
mother was older (Figures 1D and Table 4). Septal heart defects were associated with increased
paternal age when mothers were younger. Older mothers showed an increased odds of having
a child with a septal heart defect, with a slight decrease with increasing paternal age (Figure
1E and Table 4). Results from analyses controlling only for maternal age and analyses of
isolated defects only showed similar results (Supplementary Tables 4 and 5). The association
with omphalocele appears slightly more significant when only isolated defects are included,
indicating that cases with multiple defects are not the predominant factor in the association
between paternal age and omphalocele.

In their study, Archer et al. (27) detected a selection bias, whereby younger mothers were more
likely to have missing paternal age information and thus be excluded from their study. The
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percentage of cases with missing paternal age information ranged from 11.2 % to 55.0 % for
different defect categories in their study. The percentage of cases and controls with missing
paternal age information, categorized by maternal age in our study, is shown in Table 5. For
each maternal age group, approximately the same percentage of cases and controls were
missing information: 1.3 % to 8.4 % of cases and 1.2 % to 8.8 % of controls. While the younger
mothers in both the case and control groups had the highest percentage of missing paternal age
information, the percentages were lower than in Archer et al. (27).

DISCUSSION
We detected increased odds of having offspring with cleft palate, diaphragmatic hernia,
RVOTO, PVS, and multiple or complex defects (overall) with each year increase in paternal
age. While the incremental increase per year in the ORs does not appear large, consistent with
previous findings, the difference in odds faced by men several years apart in age could be
substantial. For example, we found an OR of 1.04 (95% CI: 1.02, 1.06) per year increase in
paternal age for diaphragmatic hernia. This means that a 40 year old father would have twice
the odds of having a child with diaphragmatic hernia compared with a 20 year old. Our findings
are consistent with previous studies which found associations between advanced paternal age
and offspring with cleft palate (13,17,30).

We found an increased OR with each year increase in paternal age for APVR, cataracts,
coarctation of the aorta, encephalocele, and esophageal atresia, but only when fathers were
younger. At older paternal ages, the ORs did not change with increasing paternal age, but
instead reached a plateau. Yang et al. (24) also observed a correlation between increasing
paternal age and offspring with esophageal atresia.

Young maternal age has been established as a risk factor for gastroschisis (30,34,35). Young
paternal age appears not to contribute further to this elevated risk, as evidenced by the non-
significant OR observed when both parents were young. However, younger paternal age
showed an association with gastroschisis when the mother was aged 28 (average maternal age
in our study) and 35 (advanced maternal age). Thus, both young paternal and maternal age
could be independent risk factors for gastroschisis, with the maternal factor predominating
when both parents are young. Our findings are consistent with earlier studies which identified
an association between young paternal age and gastroschisis (25,29,30). Previous studies
hypothesized that the increased risk for younger mothers could be due to behavioral factors
and exposures more common among this age group, such as illicit drug use, smoking, diet, and
infections (36), as well as the combination of younger maternal age and lower BMI (37).
Younger fathers might share some of these risk factors and could influence the behavior of
mothers whose age would otherwise place them in a lower risk category. However, our study
cannot differentiate whether the increased odds with younger paternal age is due to biological
or lifestyle factors, especially since most of these paternal exposures were not ascertained.

Omphalocele, spina bifida, all orofacial clefts, and septal heart defects mainly showed
associations with advanced paternal age when maternal age was young. Omphalocele, all
orofacial clefts, and septal heart defects were associated with the combination of younger
paternal age and advanced maternal age. These findings suggest that a difference in age
between the mother and father could be associated with these defects. Different exposures more
common at either end of the age spectrum could have similar effects, for example, illicit drugs
and prescription medications. However, our study cannot distinguish whether the increased
odds are due to environmental or biological factors. Interestingly, previous studies have
reported spina bifida or neural tube defects in offspring to be associated with both younger
paternal age (21,24,26,30) and older paternal age (21). Offspring with orofacial clefts have
been associated with advanced paternal age (19,30), while offspring with omphalocele have
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been associated with younger paternal age (24). Although we observed associations with
paternal age for the combined category of septal heart defects, we did not see significant
associations for ASDs or VSDs individually. This could be due to inadequate sample size to
detect an association in the individual categories or could indicate that our findings are spurious.
However, in support of our results, previous studies have described associations between
advanced paternal age and offspring with ASDs and VSDs (20,25).

Multiple or complex defects could be due to unrecognized syndromes with monogenic
etiologies. Thus, the association with advanced paternal age, which has already been linked to
certain single gene conditions, would not be surprising. Consistent with this, Harville et al.
(15) found that older parents were more likely than younger parents to have offspring with
cleft palate accompanied by other defects. Zhu et al. (23) found an association between
advanced paternal age and syndromes affecting multiple systems. The associations with
advanced paternal age that we observed for the multiple and complex defects (overall) category,
as well as for the individual defect categories, could reflect a subset of these defects with a
monogenic etiology. NBDPS excludes birth defects with a known single gene etiology;
however, defects could be due to novel, unrecognized, or currently unknown genetic anomalies.

Compared with previous work, our study had important strengths. Due to the relatively large
sample size, we were able to model both paternal and maternal age as continuous variables,
using linear and quadratic terms, and to include potential interactions between maternal and
paternal age. In contrast, most previous studies only considered paternal and maternal age
categorically and did not include interaction terms between maternal and paternal age. Others
have shown that residual confounding could occur in studies on the effect of paternal age when
maternal age was controlled for categorically (38,39); this was not an issue with our analyses.
The increased sample size in our study allowed evaluation of individual birth defects, rather
than grouped outcomes, providing greater likelihood of observing risks specific to certain
defects. We could control for several demographic, behavioral, and medical factors that might
affect the outcomes, a unique feature of this study. All case records in the NBDPS are reviewed
by a medical geneticist and specific diagnostic criteria must be met for inclusion. Thus, the
defect categories in our study might represent more homogenous groups than those in other
studies. The population-based selection of cases and controls might reduce selection bias, and
response rates by maternal age were similar. Also, unlike many risk factors, paternal age
reporting should not be affected by recall bias.

Our study had some limitations. The number of multiple comparisons evaluated in our
modeling approach likely produced some spurious findings. Paternal age information was
provided by the mother and could not be independently verified. A larger percentage of younger
mothers had missing paternal age information, and some centers did not interview mothers
who were under 18 years of age. While the percentage of missing paternal age overall was low,
Archer et al. (27) found that bias could exist even when only a small percentage of paternal
ages are missing. We did not have enough information to calculate the prevalence by maternal
age for cases with and without paternal age information, as Archer et al. (27) did. If present,
this selection bias could have decreased associations seen with younger paternal age and
increased associations with advanced paternal age. With the exception of maternal age, all
confounders were dichotomized, because further subdividing confounders into multiple
categories would have reduced our sample size and power to detect associations. However,
controlling for some confounders categorically might have been better in terms of biological
plausibility. For example, we examined paternal race and ethnicity as two categories,
nonHispanic whites and all other races and ethnicities. As shown in Supplementary Table 6, a
larger percentage of nonHispanic Black, Hispanic, and Native American/Alaskan Native
fathers were 24 and under and a lower percentage were 25–34 and 35 and over, compared with
nonHispanic White and Asian/Pacific Islander fathers, which could result in population
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stratification for defect categories more prevalent in certain races and ethnicities. However,
when we performed analyses using either the categories nonHispanic whites, nonHispanic
blacks, and all other races and ethnicites or nonHispanic whites, Hispanics, and all other races
and ethnicities, we did not see any significant differences compared with when race and
ethnicity were dichotomized (data not shown).

Current guidelines on genetic risk assessment and counseling for advanced paternal age are
general and provide no clear definition of what age constitutes advanced paternal age (40,
41). No screening or diagnostic test panels specifically target conditions associated with
advanced paternal age. Our findings on gastroschisis, omphalocele, orofacial clefts (overall),
spina bifida, and septal heart defects indicate that maternal and paternal age should be
considered together in assessing risk.

In summary, our study indicates that paternal age is associated with certain birth defects, and
this association could provide clues to the etiology of these conditions. Ultimately this might
lead to consideration of paternal as well as maternal age in counseling couples about risk for
affected offspring.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

APVR anomalous pulmonary venous return

ASD atrial septal defect

BMI body mass index

CI confidence interval

NBDPS National Birth Defects Prevention Study

OEIS Omphalocele, Exstrophy, Imperforate anus, Spinal defects

OR odds ratio

PVS pulmonary valve stenosis

RVOTO right ventricular outflow tract obstruction

VATER/VACTERL Vertebral, Anal, Cardiac, Tracheo-Esophageal, Renal, and Limb
anomalies

VSD ventricular septal defect
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Figure 1.
Estimated Odds Ratios of the Association Between Paternal Age (Referent = 30) and
Gastroschisis (A), Omphalocele (B), Spina Bifida (C), All Orofacial Clefts (D), and Septal
Heart Defects (E) From the National Birth Defects Prevention Study 1997–2004. Covariates
included in the analyses were maternal age, maternal age2, gravidity, periconceptional folic
acid use, maternal body mass index, paternal birthplace, paternal education, paternal race and
ethnicity, singleton/multiple birth, maternal smoking, maternal alcohol use, paternal drug use,
use of assisted reproductive technology, and previous stillbirth or miscarriage. The following
maternal and paternal age interaction terms were included in the logistic regression models for
each of the defects listed: maternal age x paternal age (gastroschisis, spina bifida, omphalocele,
all orofacial clefts, and all septal defects); maternal age2 × paternal age (gastroschisis, spina
bifida, and all septal defects); maternal age × paternal age2 (gastroschisis, omphalocele, and
all orofacial clefts) and maternal age2 × paternal age2 (gastroschisis). Cases categorized as
complex (mostly Pentalogy of Cantrell or OEIS (Omphalocele, Exstrophy, Imperforate anus,
Spinal defects)) were excluded from analyses of omphalocele and spina bifida.
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Table 3

Associations Between Paternal Age and Birth Defect Categories With Quadratic Paternal Age Terms, National
Birth Defects Prevention Study 1997–2004.

Defect category Paternal age

Adjusted odds ratio per
year increase in paternal

age* 95% confidence interval P

APVR 20 1.11 1.01, 1.22 0.03

30 1.02 0.98, 1.07 0.27

40 0.94 0.87, 1.02 0.15

Cataract† 20 1.12 1.01, 1.23 0.03

30 1.04 1.00, 1.09 0.07

40 0.97 0.91, 1.04 0.42

Coarctation of the aorta 20 1.06 1.01, 1.12 0.03

30 1.03 1.00, 1.05 0.05

40 0.99 0.95, 1.02 0.51

Encephalocele 20 1.15 1.02, 1.29 0.03

30 1.03 0.97, 1.08 0.32

40 0.92 0.83, 1.02 0.10

Esophageal atresia 20 1.07 1.00, 1.14 0.04

30 1.03 1.00, 1.07 0.04

40 1.00 0.96, 1.04 0.92

Esophageal atresia excluding 20 1.09 1.01, 1.17 0.03

VATER/VACTERL 30 1.04 1.00, 1.08 0.03

40 1.00 0.95, 1.04 0.83

APVR, anomalous pulmonary venous return; VATER/VACTERL, Vertebral, Anal, Cardiac, Tracheo-Esophageal, Renal, and Limb anomalies

*
Adjusted for maternal age, maternal age2, gravidity, periconceptional folic acid use, maternal body mass index, paternal birthplace, paternal education,

paternal race and ethnicity, singleton/multiple birth, maternal smoking, maternal alcohol use, paternal drug use, use of assisted reproductive technology,
and previous stillbirth or miscarriage

†
Cases categorized as syndromic (due to a strong family history of congenital cataracts) were excluded from analysis of cataracts
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Table 4

Estimated Odds Ratios and 95% Confidence Intervals at Different Paternal and Maternal Ages for Defect
Categories With Paternal and Maternal Age Interaction Terms, National Birth Defects Prevention Study 1997–
2004.

Defect category Paternal age (years)* Maternal age (years) Adjusted odds ratio† 95% confidence interval

Gastroschisis‡ 20 20 0.83 0.60, 1.15

40 20 0.83 0.47, 1.47

20 28 2.67 1.61, 4.42

40 28 0.80 0.54, 1.21

20 35 3.47 1.02, 11.74

40 35 0.39 0.18, 0.82

Omphalocele‡§ 20 20 0.53 0.28, 1.01

40 20 1.23 0.62, 2.42

20 28 1.29 0.72, 2.30

40 28 0.92 0.64, 1.33

20 35 2.82 1.14, 6.94

40 35 0.72 0.47, 1.08

Spina bifida‡§ 20 20 0.74 0.54, 1.02

40 20 1.35 0.98, 1.86

20 28 0.97 0.78, 1.21

40 28 1.03 0.82, 1.28

20 35 0.97 0.71, 1.33

40 35 1.03 0.75, 1.40

All orofacial clefts‡ 20 20 0.74 0.58, 0.93

40 20 1.04 0.80, 1.35

20 28 0.93 0.73, 1.17

40 28 1.07 0.94, 1.23

20 35 1.13 0.75, 1.69

40 35 1.11 0.92, 1.34

Septal defect‡ 20 20 0.79 0.66, 0.96

40 20 1.26 1.04, 1.53

20 28 1.02 0.91, 1.16

40 28 0.98 0.87, 1.10

20 35 1.07 0.92, 1.24

40 35 0.93 0.80, 1.08

*
Referent paternal age was 30 years

†
Adjusted for maternal age, maternal age2, gravidity, periconceptional folic acid use, maternal body mass index, paternal birthplace, paternal education,

paternal race and ethnicity, singleton/multiple birth, maternal smoking, maternal alcohol use, paternal drug use, use of assisted reproductive technology,
and previous stillbirth or miscarriage

‡
The following maternal and paternal age interaction terms were included in the logistic regression models for each of the defects listed: maternal

age × paternal age (gastroschisis, spina bifida, omphalocele, all orofacial clefts, and all septal defects); maternal age2 × paternal age (gastroschisis,
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spina bifida, and all septal defects); maternal age × paternal age2 (gastroschisis, omphalocele, and all orofacial clefts) and maternal age2 × paternal

age2 (gastroschisis)

§
Cases categorized as complex (mostly Pentalogy of Cantrell or OEIS (Omphalocele, Exstrophy, Imperforate anus, Spinal defects)) were excluded

from analyses of omphalocele and spina bifida

Ann Epidemiol. Author manuscript; available in PMC 2011 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Green et al. Page 19

Table 5

Number and Percentage of Cases and Controls Missing Paternal Age, Categorized by Maternal Age, National
Birth Defects Prevention Study 1997–2004.

Maternal age Case Control

N % N %

21 and under 264 8.4 100 8.8

22–26 133 3.5 60 4.2

27–30 72 2.2 16 1.2

31–33 32 1.3 15 1.6

34 and over 85 2.8 17 1.6

Total 586 3.7 208 3.6
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