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Abstract
Objective—To evaluate if the association between prenatal care use and birth weight (BW)
varies for infants with cleft lip and/or cleft palate (CL/P), classified into isolated and non-isolated
forms, compared with unaffected infants.

Study design—The study employed two datasets. The first included a multi-country sample of
2,405 infants with CL/P and 24,046 infants without CL/P born in 1996–2007 in South America.
The second was a sample of 2,122 infants with CL/P and 297,415 without CL/P from the United
States (U.S.) 2004 Natality dataset. Separate analyses were performed for the South American and
U.S. samples. The association between prenatal care and BW was evaluated separately for isolated
CL/P, non-isolated CL/P, and unaffected infants using regression models adjusting for several
background characteristics.

Results—Prenatal care was associated with improved BW for all infant groups, with greater BW
increases for infants with CL/P particularly non-isolated forms. In the South American sample,
BW increased by 108, 69, and 40 grams on average per prenatal visit for infants with non-isolated
CL/P, infants with isolated CL/P, and unaffected infants, respectively. In the U.S. sample, BW
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increased by 51, 21, and 16 grams on average per prenatal visit for these infant groups,
respectively.

Conclusions—Prenatal care was associated with larger BW increases for pregnancies
complicated with CL/P, particularly non-isolated forms, compared with unaffected pregnancies.
Given that reduced BW is a well-recognized co-morbidity of CL/P, the findings highlight the
importance of prenatal care for at-risk pregnancies as a tertiary-prevention intervention to reduce
the health burden of CL/P.
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Cleft lip and/or cleft palate (CL/P) are common and burdensome birth defects with a
worldwide prevalence of 1 affected birth in 500–2,500 births depending on ancestry and
socioeconomic status. [1] In the United States, more than 7000 infants are born with CL/P
each year. [2] Much of the complex genetic and environmental etiology remains unknown,
[3–5] hindering primary prevention. CL/P are commonly classified into isolated forms
without other malformations, and non-isolated forms that involve other malformations.

CL/P impose large burdens on health and wellbeing throughout life. [6] Infants with CL/P
have twice as large risk for low birth weight (<2500 grams) as unaffected infants and have
lower birth weight by more than 100 and 600 grams with isolated and non-isolated clefts,
respectively. [7] [8] CL/P result in feeding problems and ear infections,[9] require surgical
interventions, and increase hospitalizations. [10] CL/P also increase infant mortality risks
especially in less developed countries. [11] Later in childhood and adolescence, CL/P
increase speech problems and behavioral risks due to dissatisfaction with facial appearance
and speech. [12, 13] During adulthood, CL/P are associated with reduced education, lower
marriage rates, poorer economic performance, [14] increased inpatient mental-health
admissions, [15] and higher mortality and suicide risks. [16] The lower BW of infants with
CL/P compared with unaffected infants highlights a potential pathway for several of the
aforementioned effects of CL/P later in life. BW is a strong predictor of future health
outcomes and human capital attainment. [17–19] Therefore, part of the adverse health and
human capital consequences of CL/P may be due to the lower BW among affected infants.

Prenatal care generally is considered an important intervention for infant health. Several
studies report 20–30 gram increase in BW on average per prenatal visit, with larger benefits
reported for pregnancies at higher risk for low birth weight. [20–24] However, little is
known about how prenatal care affects BW for pregnancies complicated with CL/P, as no
previous studies addressed this question.

In this study, we evaluated whether the relationship between prenatal care and BW varies for
infants with CL/P compared with infants without birth defects. The goal was to assess the
utility of enhancing the access of pregnancies at-risk of CL/P to prenatal care as a tertiary
prevention of the BW decrease associated with CL/P.

Methods
We separately analyzed two samples in this study. The first sample included 921 infants
with non-isolated CL/P, 1,484 infants with isolated CL/P, and 24,046 unaffected infants
born between 1996 and 2007 in 111 hospitals in South America (Argentina, Bolivia, Brazil,
Chile, Ecuador, Uruguay, and Venezuela). The non-isolated group included infants with CL/
P who had other birth defects, while the isolated group included infants with only CL/P and
no other birth defects. The infants were enrolled through the Latin American Collaborative
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Study of Congenital Malformations (ECLAMC). ECLAMC is a long-standing
epidemiological research and surveillance program for birth defects in South America. [20,
23, 25] ECLAMC is built on voluntary participation of several health professionals (mostly
pediatricians) who evaluate all live births in their hospitals and enroll infants born with birth
defects into ECLAMC before hospital discharge. ECLAMC professionals obtain health,
prenatal, and socioeconomic data from maternal interviews before hospital discharge after
delivery and abstract birth records as needed using the same questionnaires and procedures
across all hospitals. For each affected infant, ECLAMC professionals enroll an unaffected
infant matched by birth date, sex and hospital of birth and obtain similar interview and birth
record data as for the affected infants.

The second study sample included 2,122 infants with CL/P – 1,700 isolated and 422 non-
isolated cases following the same above-mentioned definitions – and 297,415 unaffected
infants from the 2004 U.S. Natality data (most recent dataset with information on state of
birth). The unaffected infants were a 10% random sample of all infants without birth defects
in the 2004 Natality dataset, which provided an unbiased estimate of BW mean for children
without birth defects in this dataset. The Natality data are compiled by the National Center
for Health Statistics based on birth certificates for all live births and include information on
pregnancy outcomes, prenatal risk factors, and socioeconomic characteristics. [26]

Our primary measure of prenatal care use was the number of prenatal care visits which is the
most commonly used measure in this literature. We evaluated two models for this measure.
We first estimated the average effect of a prenatal visit assuming a linear relationship
between prenatal care and BW and a similar effect for all visits. Since this assumption may
be restrictive, we investigated if the effect varies between visits by estimating a second
model that added a squared term of the number of prenatal visits in order to capture if the
effect of an additional prenatal care increased or decreased with the visit order. From this
second model, we calculated the effect separately for each additional visit (first, second,
third, and so on) if prenatal care had a significant non-linear relationship with BW (based on
the significance of the squared term). The marginal effect for each visit was calculated by
taking the derivative of birth weight with respect to prenatal visits in the regression
including prenatal visits and visits squared, and evaluating that derivative for different
prenatal visits.

As a sensitivity analysis, we measured prenatal care use by the Kessner Index. [27] This
index categorizes prenatal care use into an adequate, intermediate, or inadequate levels
depending on the number of prenatal visits, delay in prenatal care initiation, and gestational
age at birth using a pre-specified algorithm described in detail elsewhere. [27] Adequate
prenatal care is defined as having initiated prenatal care by the 13th gestational week and
obtained a minimum number of visits that varies with the gestational age at delivery (e.g. 9
or more visits for delivering at 36 weeks or later). In contrast, prenatal care is considered
inadequate if no visits are obtained by the 21st gestational week and only four or fewer visits
are obtained by the 34th gestational week.

Our primary model examined the “overall” association between prenatal care and BW due to
associating with either fetal growth or gestational age. In a secondary specification, we
included gestational age as a covariate in order to isolate the association between prenatal
care and BW through fetal growth alone (i.e. conditional on gestational age). We only did
this for the models using number of prenatal visits since the Kessner index is already
conditioned on gestational age.

We studied the relationship between prenatal care and BW using multivariate regression
adjusting for several theoretically relevant characteristics. In addition to theory, we appealed
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to the extensive literature on risk factors for BW for selecting the model covariates. [20, 21,
23, 24] We adjusted for maternal fertility history, measured by numbers of previous live
births and miscarriages/stillbirths, for maternal health measured by indicators for acute and
chronic illnesses during pregnancy, and for infant’s sex. The model also included maternal
age, education, and employment as well as infant race, which captured socioeconomic
effects. In the ECLAMC data analysis, we also adjusted for first trimester vaginal bleeding
and conception difficulty (unobserved in the Natality data) as additional measures of
maternal health problems. Furthermore, we included binary indicators for year and hospital
of birth in order to account for time effects and geographic variation in BW and prenatal
care. For the Natality data analysis, we adjusted for smoking and marital status during
pregnancy (unobserved in ECLAMC data) and included binary indicators for state of birth in
order to capture geographic variation in both BW and prenatal care.

We estimated the BW models using ordinary least squares regression that included prenatal
care and the above-mentioned covariates and clustered the standard errors at the hospital and
state of birth for the ECLAMC and Natality samples, respectively. [30] In order to compare
if the association between prenatal care and BW varied by CL/P while avoiding the
restrictive assumption that the covariates were similarly associated with BW regardless of
CL/P presence and type, we stratified our regression analyses by the following infant
groups: 1) infants with non-isolated CL/P; 2) infants with isolated CL/P; and 3) unaffected
infants. We compared the significance of differences in prenatal care coefficients between
each of the two affected infant groups (1 and 2) and unaffected infants using a Chow test.
[31]

In the ECLAMC data, the number of prenatal visits for births in certain years (1996–2003
and 2005) was capped during data entry at 9 visits for pregnancies that had more than 9
visits. In other years, that cap was removed. In order to evaluate the sensitivity of the results
to that cap, we re-estimated the BW regressions separately for infants born in the uncapped
years first without this cap and then adding the cap and compared the estimates between
these two models.

Finally, in order to descriptively evaluate the potential bias from self-selection into prenatal
care based on unobservable confounders, we performed regression analysis on the number
of prenatal visits on all the conceptually relevant background characteristics that were
included as covariates in the regression for BW. The goal was to identify any systematic
patterns that may suggest selection on unobservable characteristics.

Results
Tables I and II describe the study variables for the ECLAMC and Natality samples,
respectively. The average BW of non-isolated, isolated, and unaffected infants was 2,452,
3,094 and 3,216 grams, respectively, in the ECLAMC sample and 2,684, 3,202, and 3,259
grams, respectively, in the Natality sample. The difference in BW mean between each cleft
group and the unaffected infants was significant (p<0.0001 for all comparisons based on a t-
test). The average number of prenatal visits was 6.2 among affected infants and 6.6 for
unaffected infants in the ECLAMC sample. In the Natality sample, the average number of
prenatal visits was 10.6, 11.6, and 11.4 among infants with non-isolated clefts, isolated
clefts, and no clefts, respectively. About 4.3% of mothers had no prenatal care in the
ECLAMC sample, but all mothers in the Natality sample had some prenatal care. Also,
about 54.2% and 24.8% of ECLAMC sample had intermediate and adequate prenatal care,
respectively, based on the Kessner index compared with 19.1% and 75.5% in the Natality
sample.
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Tables III and IV report the coefficients of prenatal care in the various estimated BW
regressions for the ECLAMC and Natality samples, respectively (regression coefficients of
all other covariates are in Tables V and VI; available at www.jpeds.com). The results for
three regression models with different prenatal care measures include: (1) prenatal visits; (2)
prenatal visits and visits squared; and (3) Kessner index. These models were adjusted for the
background characteristics described above but not for gestational age. In these models,
prenatal visits had significant and positive coefficients for all infants in both the ECLAMC
and Natality samples. In several models, the coefficients were significantly larger for infants
with CL/P, especially non-isolated forms, compared with unaffected infants.

In the ECLAMC sample, prenatal care visits were associated with an overall BW increase of
108 and 69 grams per visit on average for infants with non-isolated and isolated CL/P,
respectively in model 1 (assuming the same effect for each visit). In contrast, an additional
prenatal visit was associated with a 40-gram increase in BW on average for unaffected
infants in this model. The prenatal visit effects in both groups with CL/P were significantly
different from that for unaffected infants. In the second model, the squared term of prenatal
visits was insignificant for infants with CL/P in the ECLAMC sample suggesting a fairly
constant association between prenatal care and BW at each visit for affected infants. In
contrast, the squared term had a positive and significant coefficient for the unaffected
infants, suggesting an increasing effect for each visit. The effect for unaffected infants
ranged from 25 grams increase in BW for the first visit to 48 grams for the 9th visit.

Using model 1 in the Natality sample, prenatal visits were associated with an overall BW
increase of 51 and 21 grams per visit on average for infants with non-isolated and isolated
CL/P, respectively, compared with a 16-gram increase for unaffected infants (the effect in
the non-isolated group was significantly different from that in the unaffected group). In the
second model (assuming a changing effect per visit), each additional prenatal visit had a
significantly decreasing effect compared with the previous visit for all three groups (i.e.
squared term had a significant negative coefficient). The effect per visit between the 1st and
9th visits ranged from 93 to 67, 54 to 33, and 55 to 32 grams for the non-isolated, isolated,
and unaffected infant groups, respectively.

The results using the Kessner Index were generally consistent with those of prenatal visits.
Compared with adequate care, no prenatal care was associated with BW decrease of 415,
383, and 191 grams for non-isolated, isolated, and unaffected infants, respectively, in the
ECLAMC sample. Similarly, intermediate care was associated with a larger BW decrease
for non-isolated CL/P than isolated CL/P and unaffected infants. However, the differences in
care adequacy associations with BW between the three infant groups were not significant. In
the Natality sample, intermediate care was associated with BW decrease of 263, 118, and 33
grams for non-isolated, isolated, and unaffected groups, respectively, compared with
adequate care. These differences were statistically significant.

Tables III and IV report the prenatal care coefficients in the models that also included
gestational age as a covariate. In these models, the coefficients of prenatal visits decreased
but remained significant and overall larger for affected infants, although differences between
affected and unaffected infants became statistically insignificant. In the ECLAMC sample,
prenatal care was associated with increases in fetal growth – i.e. BW adjusted for gestational
age – by 33, 32, and 19 grams per visit on average for non-isolated, isolated, and unaffected
infants, respectively (based on model 1 assuming a constant effect per visit). In model 2
(allowing for a changing effect per visit), the squared term of prenatal visits was
insignificant for all three infant groups, suggesting a fairly constant association between
each visit and fetal growth. Using model 1 and the Natality sample, increases in fetal growth
were 17, 8 and 5 grams per visit on average for the non-isolated, isolated, and unaffected
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groups, respectively. In model 2, the squared term of visits was negative but significant only
for infants with isolated CL/P and unaffected infants.

In the sensitivity analysis of the 9-visit cap data limitation, we found no significant
differences in the prenatal care effects between the models that included or removed that cap
for the subsample without that limitation (additional information available upon request
from the authors). Also, the average number of visits in the capped years was 6.44 compared
with 6.88 in the uncapped years.

Finally, the regressions for prenatal care visits on observable background characteristics
revealed several significant associations. In both ECLAMC and Natality samples, maternal
chronic illness was associated with an increase in prenatal visits, while more previous live
births were associated with a decrease in prenatal visits. Similarly, mothers older than 34
years used more prenatal care than those 26–34 years but had lower BW infants. In contrast,
mothers 26–34 years used more prenatal care than very young mothers (≤25 years) who had
lower BW infants. Higher maternal education was associated with more prenatal visits
(additional information available upon request from the authors).

Discussion
The study finds that the association between prenatal care and BW varies by the presence of
CL/P, with potentially larger benefits to BW for pregnancies affected with CL/P compared
with unaffected pregnancies. Furthermore, the association generally is stronger for non-
isolated than isolated CL/P forms. Given that infants with CL/P particularly non-isolated
forms have significantly lower BW than unaffected infants, the study findings suggest that
improving the access of pregnant women at-risk for CL/P or who receive a prenatal
diagnosis of CL/P to prenatal care may play an important role in preventing lower BW as a
co-morbidity of CL/P in affected pregnancies. Since women who themselves have CL/P or
who have had a previous child with CL/P have a 40 times higher risk for a subsequent
affected child than the general population, [32] these women may especially benefit from
earlier and more frequent prenatal care use. The comparisons between the models with and
without adjusting for gestational age are consistent with prenatal care improving BW
through both gestational length and fetal growth.

One reason for the greater prenatal care benefits for pregnancies affected with CL/P may be
that compared with unaffected pregnancies, affected pregnancies especially those with non-
isolated (more severe) forms are complicated by more health problems and risk factors that
reduce BW and that may be effectively addressed by prenatal care. Indeed, maternal
illnesses were more common among pregnancies complicated with CL/P than unaffected
pregnancies. For example about 47% and 16% of mothers of infants with CL/P in the
ECLAMC sample had acute and chronic illnesses, respectively, during pregnancy compared
with 40% and 14% of mothers of unaffected infants. Similarly in the Natality sample, about
15%, 9%, and 7% of mothers in the non-isolated, isolated, and unaffected groups,
respectively, had acute illnesses during pregnancy, and about 12% and 10% of mothers of
affected and unaffected children had chronic illnesses, respectively. Also, smoking rates
were higher among mothers of affected than unaffected infants in the Natality sample.
Prenatal care may improve BW by identifying and addressing health problems and risk
factors. [20, 23]

In this study, we were able to only evaluate the association between prenatal care and BW,
and not the causal effects of prenatal care. We adjusted for several maternal characteristics
that might relate to self-selection including socioeconomic and demographic factors as well
as maternal health and fertility history. However, it is possible that the associations we find
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provide biased estimates of the causal effects of prenatal care. Previous studies generally
have suggested that the bias from adverse self-selection into prenatal care (with women at
greater risk for lower BW due to unobservable confounders using more prenatal care)
dominates the opposite bias from favorable self-selection (women at lower risk for lower
BW using more prenatal care). [21] [24] The evidence from these studies would suggest that
the reported associations in our study may be underestimates of the real benefits to BW from
prenatal care in the study samples. However, we find evidence for both favorable and
adverse self-selection into prenatal care based on observable characteristics from the
regressions of prenatal care on observable background characteristics. To the extent that
self-selection based on observable characteristics reflects selection on unobservable ones,
the direction of any potential bias due to unobservable confounders cannot be clearly
inferred a-priori based on these analyses. This highlights the need for future studies that can
estimate and compare the prenatal care effects between affected and unaffected pregnancies
using designs that can account for unobserved confounding bias such as with instrumental
variables.

The differences that we find in the prenatal care association with BW between the three
infant groups suggest a limited value of indices predefining prenatal care adequacy such as
the Kessner index and others as these define adequacy levels based on an underlying
assumption of similar prenatal care benefits for all pregnancies. [23] Therefore, the utility of
such indices is questionable in the presence of heterogeneity in prenatal care benefits since
the adequacy level of prenatal care depends on the benefits of that care and may therefore
vary between pregnancy groups that benefit differently from prenatal care. These indices are
especially restrictive and less informative than other generic measures such as number of
visits for studies such as ours that aim at assessing the value of prenatal care since such
assessment would in part define the adequacy level of prenatal care. [28, 29]

The prenatal care visit effects were overall larger in the ECLAMC than the Natality sample.
This is in part due to the more frequent use of prenatal care in the Natality sample – on
average by about 4 visits – and the diminishing incremental returns with each additional
visit (i.e. returns approaching the flat-of-the-curve at higher utilization levels) that we found
for the Natality sample. Furthermore, mothers in the ECLAMC sample had higher rates of
health problems during pregnancy, with 41% and 14% reporting chronic and acute illnesses,
respectively, compared with 7% and 10% in the Natality sample, respectively. Prenatal care
may be associated with larger benefits for more complicated than for less complicated
pregnancies. [24] Our sensitivity analysis of the 9-visit cap data limitation suggests that this
cap was unlikely to have affected the results significantly. However, this sensitivity analysis
was based on a smaller sample than the main analysis. Therefore, the result should be
interpreted with this caveat.

In addition to the frequency/intensity of prenatal care use, prenatal care quality may play an
important role in BW and possibly to different extents for pregnancies affected with birth
defects compared with unaffected pregnancies. However, we observe no direct measures of
prenatal care quality in the study data sources and leave this question for future studies.
Also, it is possible that the association between prenatal care and BW may vary between
infants with different birth defects in the non-isolated group, which would be masked by
grouping these infants together. Future studies that evaluate this association separately for
more homogenous groups of non-isolated cases that may be defined by the type of other
present birth defects such as neural tube defects, congenital heart disease, Down syndrome,
and limb defects are important for identifying groups of pregnancies that may benefit
differently from prenatal care. Furthermore, extending this work to other types of isolated
birth defects such as the aforementioned ones also is important. Finally, future work also is

Nyarko et al. Page 7

J Pediatr. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



needed to understand the pathways that modify the prenatal care association with BW
between affected and unaffected pregnancies.
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Table 1

Descriptive statistics for the ECLAMC samples

Percent or Mean (Standard Deviation)

Non-isolated
Clefts

(N= 921)

Isolated clefts
(N=1484)

No clefts
(N=24046)

Variable

Prenatal care

Number of prenatal care visits (Mean) 6.18
(2.57)

6.20
(2.57)

6.57
(2.60)

Kessner index for prenatal care adequacy (%)

    Adequate prenatal care (reference category) 21.7 23.2 25.0

    Intermediate prenatal care 56.9 50.5 54.3

    Inadequate prenatal care 18.1 21.1 16.4

    No prenatal care 3.3 5.2 4.3

Infant characteristics

Birth weight in grams (Mean) 2451.89
(882.1)

3093.97
(659.42)

3216.16
(565.10)

Gestational age in weeks (Mean) 37.05
(4.18)

38.75
(3.05)

39.00
(2.71)

Infant’s sex (%)

    Male (reference category) 50.5 58.0 54.0

    Female 49.5 42.0 46.0

Infant’s ancestry (%)

    Other ancestry (reference category) 13.5 14.7 12.9

    African ancestry 16.5 10.6 19.7

    Native ancestry 70.0 74.7 67.4

Maternal characteristics

Conception difficulty (%)

    No history of conception difficulty (reference category) 91.3 92.9 93.4

    History of conception difficulty 8.7 7.1 6.6

Maternal health during pregnancy (%)

     No acute illnesses (reference category) 53.4 52.3 59.9

    Acute illnesses 46.6 47.7 40.1

    No chronic illnesses (reference category) 82.6 84.3 96.5
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Percent or Mean (Standard Deviation)

Non-isolated
Clefts

(N= 921)

Isolated clefts
(N=1484)

No clefts
(N=24046)

    Chronic illnesses during pregnancy 17.3 15.6 13.5

    No vaginal bleeding in 1st trimester (reference category) 91.2 92.8 95.0

    Vaginal bleeding in 1st trimester 8.8 7.2 5.0

Pregnancy history (Mean)

    Number of previous live births 1.77
(1.96)

1.73
(2.00)

1.46
(1.75)

    Number of previous spontaneous/stillbirths 0.328
(0.774)

0.263
(0.704)

0.195
(0.566)

Maternal age (%)

    Age 26–34 years (reference category) 32.5 34.3 33.1

    Age < 20 years 17.2 19.7 21.2

    Age 20–25 years 31.5 32.8 34.3

    Age > 34 years 18.8 13.2 11.4

Maternal education (%)

    No schooling, incomplete primary school (reference category) 23.5 20.1 23.6

    Complete primary school 23.8 23.7 20.4

    Incomplete secondary school 22.7 25.0 25.7

    Complete secondary school 21.1 20.6 23.1

    Incomplete university 4.8 5.7 4.1

    Complete university 4.1 4.9 3.1

Maternal employment/occupational status (%)

    Unemployed (reference category) 69.0 73.3 73.2

    Unskilled blue collar 11.9 8.8 9.9

    Skilled blue collar 4.1 3.7 3.8

    Independent 1.8 2.0 1.6

    Clerical positions 10.4 9.1 9.2

    Professional, boss, executive 2.8 3.1 2.3
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Table 2

Descriptive statistics for the Natality samples

Percent or Mean (Standard Deviation)

Non-isolated
clefts

(N= 422)

Isolated
clefts

(N=1,700)

No clefts
(N=297,415)

Variable

Prenatal care

Number of prenatal care visits (mean) 10.61
(4.61)

11.56
(4.09)

11.43
(4.02)

Kessner index for prenatal care adequacy (%)

    Adequate prenatal care (reference category) 67.22 73.67 75.36

    Intermediate prenatal care 23.35 20.82 19.09

    Inadequate prenatal care 9.43 5.51 5.55

    No prenatal care 0 0 0.003

Infant characteristics

Birth weight in grams (mean) 2683.65
(829.93)

3202.30
(619.00)

3258.89
(616.25)

Gestational age in weeks (mean) 37.18
(3.53)

38.52
(2.58)

38.52
(2.58)

Infant’s sex (%)

    Male (reference category) 48.58 57.36 52.05

    Female 51.42 42.64 47.95

Maternal characteristics

Marital status (%)

    Unmarried (reference category) 36.32 36.59 35.69

    Married 63.68 63.41 64.31

Maternal health during pregnancy (%)

    No acute illnesses (reference category) 84.67 91.09 92.73

    Acute illnesses 15.33 8.91 7.27

    No chronic illnesses (reference) 88.44 88.15 90.27

    Chronic illnesses 11.56 11.85 9.73

Pregnancy history (mean)

    Number of live births 1.21
(1.39)

1.09
(1.19)

1.05
(1.21)
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Percent or Mean (Standard Deviation)

Non-isolated
clefts

(N= 422)

Isolated
clefts

(N=1,700)

No clefts
(N=297,415)

    Number of spontaneous stillbirths 0.47
(0.97)

0.42
(0.87)

0.38
(0.82)

Maternal age (%)

    Age 26–34 years (reference category) 41.27 41.24 44.78

    Age < 20 years 9.91 10.67 10.45

    Age 20–25 years 30.66 36.30 30.94

    Age > 34 years 18.16 11.79 13.83

Maternal race (%)

    Other race (reference category) 5.9 6.69 5.98

    Black race 9.67 7.62 16.12

    White race 84.43 85.69 77.90

Maternal behavior during pregnancy (%)

    No smoking (reference category) 85.85 82.82 89.71

    Smoking during pregnancy 14.15 17.18 10.29

Maternal education (%)

    Incomplete secondary school (reference category) 23.83 23.11 20.79

    Complete secondary school 30.66 34.84 30.13

    Incomplete university 21.93 20.76 21.51

    Complete university 23.58 21.29 27.57
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