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ORIGINAL ARTICLE

Is Gravidity 4+ a Risk Factor for Oral Clefts? A Case-Control Study in Eight
South American Countries Using Structural Equation Modeling

Juan Antonio Gili, B.Sc., Fernando Adrian Poletta, Ph.D., Hebe Campana, Ph.D., Belén Comas, B.Sc., Mariela
Pawluk, B.Sc., Monica Rittler, M.D., Ph.D., Jorge Santiago Lépez-Camelo, Ph.D.

Background: There is disagreement about the association between cleft lip with or without
cleft palate and multigravidity, which could be explained by differences of adjusting for maternal
age, Amerindian ancestry, and socioeconomic status.

Objective: The aim was to evaluate gravidity 4+ (four or more gestations) as a risk factor for
cleft lip with or without cleft palate in South America.

Design: We used a matched (1:1) case-control study with structural equation modeling for
related causes. Data were obtained from 1,371,575 consecutive newborn infants weighing >500 g
who were born in the hospitals of the Estudio Colaborativo Latinoamericano de Malformaciones
Congénitas (ECLAMC) network between 1982 and 1999. There were a total of 1,271 cases with
cleft lip with or without cleft palate (excluding midline and atypical cleft lip with or without cleft
palate). A total of 1,227 case-control pairs were obtained, matched by maternal age, newborn
gender, and year and place of birth. Potential confounders and intermediary variables were
analyzed with structural equation modeling.

Results: The crude risk of gravidity 4+ was 1.41 and the 95% confidence interval was 1.14 to
1.61. When applying structural equation modeling, the effect of multigravidity on the risk of cleft
lip with or without cleft palate was 1.22 and the 95% confidence interval was 0.91 to 1.39.

Conclusions: Multigravid mothers (more than four gestations) showed no greater risk of
bearing children who had cleft lip with or without cleft palate than mothers with two or three
births. Therefore, the often observed and reported association between multigravidity and oral
clefts likely reflects the effect of other risk factors related to low socioeconomic status in South

American populations.
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Oral clefts are common structural birth defects, with the
global prevalence ranging from 1 in 500 to 1 in 2500
(Tolarova and Cervenka, 1998). In Latin America, the
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observed prevalence of cleft lip with or without cleft palate
(CL=P) is 12 per 10,000 births (Castilla and Orioli, 2004;
Poletta et al., 2007), varying by ethnicity, geographical
origin (Croen et al., 1998; Bender, 2000), altitude above sea
level (Menegotto and Salzano, 1991; Poletta et al., 2007),
and socioeconomic status (SES) (Clark et al., 2003; Poletta
et al., 2007). Some birth defects such as heart anomalies
(Tay et al., 1982; Vieira and Orioli, 2002) and neural tube
defects (Bianca et al., 2002; Vieira and Orioli, 2002) have
been associated with gravidity 4+ (more than four
gestations). However, there is disagreement about the
association of multigravidity with oral clefts. Some authors
have found no higher rates of infants with CL£P born to
mothers who have had more than three pregnancies (Shaw
et al., 1991; Stoll et al., 1991; Mitchell, 1997; Rajabian and
Sherkat, 2000); whereas, other researchers have observed a
higher rate of such births among women with more than
three pregnancies (Menegotto and Salzano, 1991; Lopez-
Camelo and Orioli, 1996; Vieira and Orioli, 2002). These
inconsistencies may be explained in part by adjusting for
three major confounding factors: maternal age (Menegotto
and Salzano, 1991; Vieira and Orioli, 2002), SES (Lopez-
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Camelo and Orioli, 1996), and Amerindian ancestry
(Mitchell, 1997).

Structural equation modeling (SEM) is a statistical
framework useful for analyzing data in which an outcome
is determined by direct or indirect influences of the
predictor variables in addition to their unobserved common
cause. In recent years, SEM has been increasingly used in
medical statistical studies (Kupek, 2006). To our knowl-
edge, the association between gravidity 4+ and CL=P has
not been previously analyzed using SEM. This approach
quantifies the direct and indirect effects, which provides a
better estimation of the true risk.

The aim of this study was to estimate the direct risk of
gravidity 44 (multiparity as well as previous fetal loss) on
CL=P in a series of newborns in South America by using a
case-control study design with a SEM approach.

MATERIALS AND METHODS
Sample

Data were obtained from 75 maternity hospitals
participating in the Estudio Colaborativo Latinoamer-
icano de Malformaciones Congénitas (ECLAMC)
network in eight South American countries: 32 in
Argentina, 2 in Bolivia, 16 in Brazil, 9 in Chile, 3 in
Colombia, 1 in Peru, 6 in Uruguay, and 6 in Venezuela.
Between 1982 and 1999, 1,378,392 consecutive liveborn
infants with birth weights >500 g were examined for
congenital anomalies. Of 43,981 malformed babies,
1,271 had CL*=P as a single defect and were included
in the study. Demographic data and informed consent
were obtained through interviews with the mothers
before discharge in accordance with ECLAMC proce-
dures (Castilla and Orioli, 2004). This project has been
approved by the Centro de Educacion Médica e
Investigaciones Clinica (CEMIC) Institutional Review
Board (Office for Human Research Protection, U.S.
Department of Health and Human Services,
IRB00001745-I0RG 0001315).

Study Design

A matched (1:1) case-control study was performed.
For each newborn with CL*P, a healthy newborn from
the same hospital and year, matched by gender,
maternal age (stratified by l-year intervals), and
Amerindian ancestry (yes/no, Amerindian ancestry
versus other [Castilla and Orioli, 2004; Poletta et al.,
2007]), was selected as control. A total of 1,227 matched
case-control pairs were obtained. The matching scheme
was proposed because the relationship between gravid-
ity 4+ and oral clefts could be due to a maternal or
paternal age effect, both closely related to gravidity
(Aliyu et al., 2005).

Multigravidity Definition

The mothers were classified according to the number
of pregnancies, regardless of their result, in three
categories: Gravidity 1 means the current pregnancy is
the first gestation. Gravidity 2-3 indicates women who
carried out two or three gestations (reference group),
and Gravidity 4+ refers to four or more gestations. Each
gravidity category comprises the number of previous
fetal losses (consider yes/no, including stillbirths and
miscarriages) plus the number of live births (parity 1:
the current is the first newborn; parity 2-3: women
delivered out two or three newborns; and parity 4+
women with four or more live births), including the
current pregnancy.

Confounding Factors

The following variables were obtained from each
subject, not with intention to evaluate teratogenicity
but so they could be indirectly associated with CL*P
(more detail about ECLAMC procedures can be found
in Castilla and Orioli, 2004): paternal age >40 years
(yes/no); parental consanguinity (yes/no, regardless of
the degree of relationship); maternal pregnancy ante-
cedents including acute maternal illnesses during the
first trimester of pregnancy, like flu or urinary tract
infections (yes/no); chronic maternal illnesses, like
diabetes or hypertension (yes/no); any medicine use
during the first trimester of pregnancy (yes/no); and
low socioeconomic status (yes/no), which was estab-
lished throughout a confirmatory factorial analysis
with low maternal education (<12 years education),
low paternal education (<12 years education), and low
paternal occupation (yes =levels I to 3 versus no [non—
low paternal occupation] = levels 4 to 8); and paternal
occupation levels, which indicate sociocultural status: 1
= unemployed; 2 = househusband; 3 = odd job|unskilled
labor; 4 = skilled labor; 5 = independent labor; 6 =
manager; 7 = clerk (“white collar”); 8 = professional,
university; 0 = unspecified. One factor was extracted
from a 3 X 3 tetrachoric matrix, and scores were
estimated for the family of each newborn using the
regression method suggested by Bartlett (1937). The
score distribution (mean, 0.0 £ 0.9) was classified into
two groups: low socioeconomic status (score > 0.57,
mean, 1.20 £ 0.19) and non-low socioeconomic status
(score < 0.57, mean, 0.14 = 0.18). The loading factors
were 0.867 for low maternal education, 0.898 for low
paternal education, and 0.721 for low paternal
occupation. The explained variance for one factor
was 0.912. Cases and controls were classified upon this
score as low SES using a yes or no inquiry upon the
score’s first tercile distribution.



Structural Equation Modeling

The proposed model included two variable groups:
exogenous variables, indicators of maternal profile
previous to the actual pregnancy, and endogenous
variables, which belong to the current pregnancy.
Previous fetal loss, low SES, and consanguinity describe
the maternal profile (exogenous variables). Paternal age
>40 and maternal pregnancy antecedents (exogenous)
and Parity 44+ (endogenous) belong to the actual
pregnancy. Gravidity 4+ effect on CL£P was estimated
through previous fetal loss and parity. We performed
SEM for the binary variables using the Yule transfor-
mation to approximate the matrix of Pearson correla-
tion coefficients from the bivariate odds ratio (OR) by a
well-known formula (OR — 1) / (OR + 1)) (Kupek,
2006). The bivariate ORs were estimated using a
conditional logistic regression. The correlation matrix
and the paths between variables were analyzed with the
LISREL 8 software (Joreskog and Sérbom, 1993). The
coefficient for each causal path was estimated by the
maximum likelihood method. The following were the
reference values of goodness of fit (how well the model
reproduces the observed covariance matrix) used for
each statistic: Minimum fit function chi-square < 3.84;
root mean square error of approximation (RMSEA) <
0.05; goodness-of-fit index (GFI) and adjusted good-
ness-of-fit index (AGFI) are both >0.90; and for both
parsimony normed fit index (PNFI) and Akaike
information criterion (AIC), smaller is better (Joreskog
and Sorbom, 1993). The power study was estimated
based on noncentral chi-square distribution (Faul et al.,
2007), which provided the number of observations
required to achieve 80% power (beta or type II error
of 0.20) and alpha (type I error < 0.05). In our model,
for seven variables, a total of 28 free parameters could
be estimated. Within these parameters, the minimum
sample size required was 900 case-control pairs. The
population attributable fraction was obtained with the
formula (IT —IE) / IT), where IT is the incidence of
CL=P in the total population and IE the incidence of
CL=P in the gravidity 2-3 group.

RESsuLTS

A significant increase in the rate of CL=P was observed
for gravidity 44 (Fig. 1). The incidence of CL*P was 9.2
per 10,000 (1,271 per 1,378,392). The incidence for gravidity
1 to 3 and gravidity 44 were 8.3 per 10,000 (824 per 992,381)
and 11.6 per 10,000 (447 per 386,011), respectively. The
distribution of variables between gravidity 4+, gravidity 2—
3, and gravidity 1 were similar in cases and controls. Low
paternal occupation, previous fetal loss, parental consan-
guinity, and maternal antecedents (medicament use, acute,
and chronic maternal illness) showed higher values among
gravidity 4+ cases than gravidity 4+ controls (Table 1).
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FIGURE 1 Rates of CL=P by order of gravidity.

Figure 2 shows the best fitting model from the SEM
analysis. The Yule coefficients, ORs, and 95% confidence
intervals (CIs) for the SEM model are shown in Table 2.
Association of CL=P with previous fetal loss, maternal
antecedents, and consanguinity were statistically signifi-
cant.

The SEM showed seven variables, four covariance
errors, 16 estimated parameters, and six structural equa-
tions for 28 possible free parameters (independence model)
to be estimated. The absolute-adjusted indices show the
minimum fit function y%»=2.16 (P =.14) and RMSEA =
0.040 (95% CI, 0.001 to 0.116; P =.454). The comparative
fit index was 1.0, and the AGFI was 0.98. The parsimony
index was PNFI = 0.048, the AIC, 041 = 56.15, and the
AlCgaturated = 56.00. All indices showed a good fit between
the observed and expected model upon the correlation
matrix. The sample size in this study was 2454 cases and
controls, greater than the critical number of 2233 and
adequate to obtain a minimal power (1 — B) of 80%.

DiscussioN

In the present work, the crude risk of CL*P for gravidity
4+ was 1.41 and was statistically significant (P = .002).
However, when the gravidity 4+ risk was assessed with
SEM, a nonsignificant OR (1.22; P = .237) was observed.
Thus, the risk of gravidity 4+ was not independent of other
variables that were proposed to be associated with clefts.
Gravidity 44 seemed to be an indirect mediator of other risk
factors, with consanguinity being the most important. The
proposed model showed an increased risk of CL*P in
mothers with previous fetal loss and mothers who had some
antecedent during the first trimester of pregnancy (medica-
tion use or illnesses) and some consanguinity grade within
their couple, with these variables affecting cleft chance
independently of each other. This was supported by the
good fit of the model indices.
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TABLE 1 Parental Demographic and Clinical Characteristics in Gravidity 44 and Reference Mothers of Cases and Controls

Controls, n = 1227 CL=*P Cases, n = 1227
Gravidity 1 Gravidity 2-3 Gravidity 4+ Gravidity 1 Gravidity 2-3 Gravidity 4+
n=4I18 n =457 n=352 n =382 n=4I12 n =433
(34.1%) (37.3%) (28.7%) (31.1%) (33.6%) (35.3%)
Mean = SD Mean = SD Mean = SD  F P* Mean = SD Mean = SD Mean = SD  F P*
Paternal age 256 = 6.1 29774 351 *87 1534 <.001 248 =56 29.0 6.7 341 *78 180.5 .001
Maternal age 219 =55 258 £58 30456 2171 <.001 21.0 =47 254 *57 303 *56 3075 <.001
n(%) n(%) n(%) 7 P n(%) n (%) n (%) 7 P
Low paternal education 72 (18.4) 112 (25.2) 142 (41.9) 525  <.001 64 (18.5) 107 (27.5) 166 (40.1) 434 <.001
Low maternal education 113 (27.2) 145 (31.9) 173 (50.0) 469  <.001 92 (24.5) 124 (30.3) 186 (43.6) 35.1 <.001
Low paternal occupation 139 (35.1) 167 (37.5) 147 (43.0) 5.0 .082 141 (40.4) 158 (40.3) 199 (47.5) 5.6 .062
Low socioeconomic statust 79 (20.4) 115 (26.1) 145 (43.3) 48.7 <.001 70 (20.8) 104 (27.4) 167 (40.6)  36.5 <.001
Amerindian ethnicity 301 (72.0) 346 (75.7) 287 (81.5) 9.6 .008 283 (74.1) 295 (71.6) 356 (82.2) 144 .001
Previous fetal loss - 59 (12.9) 86 (24.4) 179 <.001 - 62 (15.1) 144 (33.3) 379 <.001
Parity 1 418 28 1 382 32 0
Parity 2-3 - 429 25 — 380 60
Parity 4+ - - 326 - - 373
Parental consanguinity 2 (0.5) 7 (1.6) 4 (1.2) 206%** 5(1.3) 8 (2.0) 11 (2.6) 466%**

Maternal pregnancy antecedentsf 122 (29.4) 129 (28.2)  102(29.1) 0.2 .923 209 (55.6) 200 (49.0) 220 (51.5) 34  .180

+ Low socioeconomic status estimated from scores obtained by confirmatory factorial analysis (factor loading: maternal education <12 years: 0.867, paternal education <12 years:
0.898, and low paternal occupation (odd job/unskilled labor or less): 0.721, explained variance one factor = 91%).

I Maternal pregnancy antecedents: antecedents during the first trimester of pregnancy and included acute maternal illness (like flu or urinary tract infections), chronic maternal
illnesses (like diabetes or hypertension), and any medicine use. CL=P: cleft lip with or without cleft palate.

* P value for analysis of variance F test, ** P value for Pearson chi-square test, *** P value for Fisher exact test.

Matched Study Design al., 2007); whereas, others authors found no association
with maternal age (Baird et al., 1994). Bille et al. (2005)

The reasons to develop such an elaborate matched reported both older maternal and paternal ages as risk
case-control design arise from the review of literature factors for nonsyndromic CL=P with an interaction
regarding the variables involved in CL*P epidemiologic between them, which the authors considered to be due
studies. Some authors have observed an increased risk to social confounders. Other studies demonstrated a
for CL=P (Womersley and Stone, 1987) and for CL*P positive association between oral clefts and multi-
and CP (Shaw et al., 1991; Robert et al., 1996; Poletta et gravidity but a negative association between oral clefts

PFetLoss PatAge40

1.02

Consang

1.22
ityd CLP "'@

@+ MatEduc
PatEduc
@- PatOccup MatAntec

FIGURE 2 The model of related causes using the structural modeling equation. Numbers indicate the odds ratio obtained with SEM analysis. Observed
variables: Parity4 = parity >4 live births; PatAge40 = paternal age >40 years; PFetLoss = previous fetal losses; Consang = parental consanguinity;
MatAntec = maternal antecedents of medicine use and maternal illnesses (chronic or acute) during the first trimester of pregnancy; CLP = cleft lip with or
without cleft palate (CL*=P); MatEduc = low maternal education; PatEduc = low paternal education; PatOccup = low paternal occupation. Latent
variables: LowSES = low socioeconomic status.

1.24
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TABLE 2 Gravidity 4+ (Parity 4+ Plus Previous Fetal Loss) and CL=P SEM Yule Coefficient and OR and 95% CI; ECLAMC 1982-1999*

Structural Equation Model

Path From— To B* SE OR 95% CI
Gravidity 4+ to cleft lip Cleft lip
Parity 4+ 0.100 0.03 1.22 0.91-1.39
Previous fetal loss 0.123 0.04 1.28 1.12-1.48
Low socioeconomic statust 0.081 0.05 1.18 0.95-1.46
Maternal pregnancy antecedents 0.108 0.05 1.24 1.03-1.51
Consanguinity 0.424 0.05 2.47 1.93-3.26
Paternal age >40 Parity 4+ 0.012 0.04 1.02 0.87-1.21
Previous fetal loss —0.252 0.04 0.60 0.50-0.71
Low socioeconomic status —0.220 0.07 0.64 0.48-0.83
Maternal pregnancy antecedents —0.192 0.06 0.68 0.53-0.85
Consanguinity 0.279 0.07 1.78 1.33-2.43

* CL=P = cleft lip with or without cleft palate; SEM = structural equation modeling; OR = odds ratio; 95% CI = 95% confidence interval; ECLAMC = Estudio Colaborativo
Latinoamericano de Malformaciones Congénitas; B = SEM coefficient; SE = standard error.

+ Low socioeconomic status: Estimated from scores obtained by confirmatory factorial analysis with maternal education <12 years, paternal education <12 years, and low paternal
occupation (odd job/unskilled labor or less).

I Maternal pregnancy antecedents: Antecedents during the first trimester of pregnancy, including acute maternal illness (like flu or urinary tract infections), chronic maternal

illnesses (like diabetes or hypertension), and any medicine use.

and maternal age (Padron Caceres and Prytkov, 1982;
Menegotto and Salzano, 1991). Finally, some authors
reported an independent effect of multigravidity and
maternal age on oral clefts (Hay and Barbano, 1972;
Robert et al., 1996). All these discordances could be due
to the complex relationship among the involved
variables, as well as to methodological differences,
including the selection of confounding factors, sample
size, study design, or controlling for maternal and/or
paternal ages (Menegotto and Salzano, 1991). The
relationship between ethnicity and clefts has been clearly
established. The prevalence of CL=P is high among
people of Asian ancestry, intermediate among people of
Caucasian ancestry, and low among people of African
ancestry (Tolarova and Cervenka, 1998; Mitchell, 1997).
Accordingly, in South America a predominantly Amer-
indian background has been observed in high prevalence
regions of CL=P; whereas, a high proportion of African
ancestry was identified in regions of low CL=P
prevalence (Menegotto and Salzano, 1991; Poletta et
al., 2007). Furthermore, native populations of South
America show higher rates of multigravidity and high
frequencies of CL=P. This inverse relationship between
both ethnic groups and clefts, despite having similarly
high rates of multigravidity (Mor-Yosef et al., 1990) and
the lowest SES in South American populations (Poletta
et al., 2007), could be indicative of a stronger genetic
component than an environmental component in the
etiology of clefts.

CL=P Risks Obtained From SEM

In South American populations, multigravidity is one
of the main indicators of low SES (Gadow et al., 1998)
and has been considered as a major determinant of
reproductive risks and obstetric complications (Mor-
Yosef et al., 1990). Its association with CL=P may
reflect the effect of one or more lifestyle- and poor-

income-related factors, such as cigarette smoking (Lieff
et al., 1999), alcohol use (Munger et al., 1996), poor
prenatal care, and inadequate nutrition (Warkany,
1957; Gadow et al., 1998), none of which were assessed
in the present study. However, other sociodemographic
characteristics that were assessed are similar indicators
of low income, such as low parental educational levels
and parental occupation, considered the most stable
indicators of SES because they reflect a person’s ability
to access and interpret health-related information. All
three indicators used as a proxy for low SES (low
maternal education, low paternal education, and low
paternal occupation) were more frequent among gra-
vidity 4+ than among reference mothers, with a direct
and significant correlation between SES and gravidity
44

The hypothesis was that the effect of gravidity 44 on
CL=P is causally indirect and that it mediates the effect
of low SES, consanguinity, maternal antecedents, and
previous fetal loss on CL=P. Thus, further research
exploring factors that may explain the associations
among gravidity, other related factors, and CL*P is
needed and may uncover important clues regarding the
complex etiology of CL*=P.

Strengths and Limitations

The ECLAMC is an epidemiological and clinical
research program dedicated to birth defects carried out
by qualified pediatricians who work with specific
diagnostic criteria, thereby providing reliable clinical
data. Furthermore, South American populations often
consist of large families with broad ecthnic and
socioeconomic ranges, allowing for an adequate ap-
proach. Limitations included the lack of information on
exposures, such as smoking and alcohol use, lack of
specification of maternal illnesses, and the recognized
memory bias for retrospectively obtained data. In this
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study, to control for confounders, cases and controls
were matched by maternal age at 1-year intervals, native
ancestry, gender, and location and year of birth.
However, a possible residual effect of matching cannot
be ruled out.

CONCLUSION

To our knowledge, the effect of gravidity 4+ on cleft lip
has not been studied using SEM. The advantage over the
classical approaches in epidemiology, for example logistic
regression models, is that SEM can assess the indirect effect
of gravidity 4+ in a framework of causal relationships.
After matching maternal age at 1-year intervals, native
ancestry, gender, and location and year of birth of the
newborn, multigravid mothers (>4) showed no greater risk
of having a newborn with oral cleft than mothers with two
or three births. Therefore, the often observed and reported
association between gravidity 4+ and oral clefts likely
reflects the effect of other risk factors related with a low SES
in South American populations, such as native ethnicity,
parental consanguinity, and a poor reproductive history.
As have already been pointed out by McKeown and
Record (1956), research on multigravidity should be done
not as an end in itself but rather as a means to identify
conditions that are more common in certain gravidity
orders than in others, which in turn could disclose other
associations.

Acknowledgments.  The authors wish to thank all people working in
collaboration in ECLAMC, a network that has been active for more than
40 years.

REFERENCES

Aliyu MH, Salihu HM, Keith LG, Ehiri JE, Islam MA, Jolly PE. High
parity and fetal morbidity outcomes. Obstet Gynecol. 2005;105(pt
1):1045-1051.

Baird PA, Sadovnick AD, Yee IM. Maternal age and oral cleft
malformations: data from a population-based series of 576,815
consecutive livebirths. Teratology. 1994;49:448-451.

Bartlett MS. The statistical conception of mental factors. Br J Psychol.
1937;28:97-104.

Bender PL. Genetics of cleft lip and palate. J Pediatr Nurs.
2000;15:242-249.

Bianca S, Bianca M, Bonaffini F, Ettore G. The role of maternal
reproductive history in the aetiology of neural tube defects. Med
Hypotheses. 2002;58:113-114.

Bille C, Skytthe A, Vach W, Knudsen LB, Andersen AM, Murray JC,
Christensen K. Parent’s age and the risk of oral clefts. Epidemiol-
ogy. 2005;16:311-316.

Castilla EE, Orioli IM. ECLAMC: the Latin-American collaborative
study of congenital malformations. Community Genet. 2004;7:76—
94.

Clark JD, Mossey PA, Sharp LA, Little J. Socioeconomic status and
orofacial clefts in Scotland, 1989 to 1998. Cleft Palate Craniofac J.
2003;40:481-485.

Croen LA, Shaw GM, Wasserman CR, Tolarova MM. Racial and

ethnic variations in the prevalence of orofacial clefts in California,
1983-1992. Am J Med Genet. 1998;79:42-47.

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible
statistical power analysis program for the social, behavioral, and
biomedical sciences. Behav Res Methods. 2007;39:175-191.

Gadow EC, Paz JE, Lopez-Camelo JS, Dutra MG, Queenan JT,
Simpson JL, Jennings VH, Castilla EE. Unintended pregnancies in
women delivering at 18 South American hospitals. NFP-ECLAMC
Group. Latin American Collaborative Study of Congenital
Malformations. Hum Reprod. 1998;13:1991-1995.

Hay S, Barbano H. Independent effects of maternal age and birth
order on the incidence of selected congenital malformations.
Teratology. 1972;6:271-279.

Joreskog K, Sorbom D. LISREL 8: Structural Equation Modeling
With the SIMPLIS Command Language. Chicago, IL: Scientific
Software International; 1993.

Kupek E. Beyond logistic regression: structural equation modelling for
binary variables and its application to investigating unobserved
confounders. BMC Med Res Methodol. 2006;6:13-23.

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. 1999;150:683-694.

Lopez-Camelo JS, Orioli IM. Heterogeneous rates for birth defects in
Latin America: hints on causality. Genet Epidemol. 1996;13:469—
481.

McKeown T, Record RG. Maternal age and birth order as indices of
environmental influence. Am J Hum Genet. 1956;8:8-23.

Menegotto BG, Salzano FM. Epidemiology of oral clefts in a large
South American sample. Cleft Palate Craniofac J. 1991;28:373-376.

Mitchell LE. Genetic epidemiology of birth defects: nonsyndromic
cleft lip and neural tube defects. Epidemiol Rev. 1997;19:61-68.

Mor-Yosef S, Seidman DS, Samueloff A, Schenker JG. The effects of
the socioeconomic status on the perinatal outcome of grand
multipara. Eur J Obstet Gynecol Reprod Biol. 1990;36:117-123.

Munger RG, Romitti PA, Daack-Hirsch S, Burns TL, Murray JC,
Hanson J. Maternal alcohol use and risk of orofacial cleft birth
defects. Teratology. 1996;54:27-33.

Padron Caceres L, Prytkov AN. Congenital cleft lip and palate.
Population frequency in Moscow [in Russian]. Genetika.
1982;18:844-847.

Poletta FA, Castilla EE, Orioli IM, Lopez-Camelo JS. Regional
analysis on the occurrence of oral clefts in South America. 4m J
Med Genet A. 2007;143A:3216-3227.

Rajabian MH, Sherkat M. An epidemiologic study of oral clefts in
Iran: analysis of 1,669 cases. Cleft Palate Craniofac J. 2000;37:191—
196.

Robert E, Kallen B, Harris J. The epidemiology of orofacial clefts. 1.
Some general epidemiological characteristics. J Craniofac Genet
Dev Biol. 1996;16:234-241.

Shaw GM, Croen LA, Curry CJ. Isolated oral cleft malformations:
associations with maternal and infant characteristics in a California
population. Teratology. 1991;43:225-228.

Stoll C, Alembik Y, Dott B, Roth MP. Epidemiological and genetic
study in 207 cases of oral clefts in Alsace, north-eastern France. J
Med Genet. 1991;28:325-329.

Tay JS, Yip WC, Joseph R. Parental age and birth order in Chinese
children with congenital heart disease. J Med Genet. 1982;19:441—
443.

Tolarova MM, Cervenka J. Classification and birth prevalence of
orofacial clefts. Am J Med Genet. 1998;75:126-137.

Vieira AR, Orioli IM. Birth order and oral clefts: a meta analysis.
Teratology. 2002;66:209-216.

Warkany J. Congenital malformations and pediatrics. Pediatrics.
1957;19:725-733.

Womersley J, Stone DH. Epidemiology of facial clefts. Arch Dis Child.
1987,62:717-720.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


