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Abstract

This study proposed the application of structural equation modeling (SEM) 
to investigate variables associated with preterm birth based on a theoretical 
model analyzed previously by hierarchical logistic regression. The data came 
from a population-based case-control observational study of hospital births 
to mothers residing in Londrina, Paraná State, Brazil (June 2006 to March 
2007). For the SEM, the study considered the association between socioeco-
nomic characteristics and psychosocial aspects pertaining to reproductive his-
tory, work and physical activity, complications during the pregnancy, and 
fetal characteristics. It also considered the relationship between these associa-
tions and the outcome preterm birth mediated by adequacy of prenatal care. 
The weighted least square mean and variance adjusted estimator (WLSMV) 
was used for categorical data and robust maximum likelihood (MLR) for 
odds ratios. Three latent variables were created: socioeconomic vulnerability, 
family vulnerability, and unwanted pregnancy. The effect of socioeconomic 
and family vulnerability and unwanted pregnancy on prematurity occurred 
indirectly through inadequacy of prenatal care. The proposed methodology 
allowed using constructs, verifying the role of mediation by inadequacy of 
prenatal care, and identifying the variables’ direct and indirect effects on the 
outcome preterm birth.
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Introduction

Theoretical models for studying preterm birth have demonstrated the importance of multiple vari-
ables associated with preterm birth. Gestational complications, including bleeding, high blood pres-
sure, eclampsia, altered amniotic fluid volume, genital tract infection, and diabetes have a direct effect 
on gestational age at birth 1. Various authors have pointed to multiple gestation as a risk factor for 
preterm birth, including the presence of complications, which may be related to the occurrence of 
premature rupture of membranes or other maternal-fetal disorders 1,2,3,4. Maternal age, reproductive 
history including parity, and characteristics of previous children (low birth weight and prematurity) 
have been identified by various studies as risk factors for preterm birth 1,5,6,7. Aspects of inadequate 
prenatal care, such as late initiation (third trimester) and unsatisfactory frequency (fewer than 6 con-
sultations) are also risk factors for preterm birth 5,6,8.

Studies have also shown the importance of prenatal care for preventing preterm birth. Some 
studies also identify the impact of socioeconomic variables, complications, and reproductive history 
on inadequate prenatal care and highlight the role of prenatal care as a determinant of maternal and 
perinatal indicators, citing such factors as low socioeconomic status, low schooling, and alcohol use 
in pregnancy 8,9,10,11, low maternal age, marital status, planning of the pregnancy, public healthcare 
services, high parity, previous premature childbirth 9,10,12, and unwanted pregnancy 13. These deter-
minants are part of the chain of factors associated with both inadequate prenatal care and negative 
outcomes such as preterm birth. We thus include the mediating role of prenatal care in the modeling.

Family vulnerability involves poverty, exploitation, abuse, and psychosocial and cultural factors. 
Another aspect in parallel is that families headed by women result partly from early or unwanted 
pregnancy, family instability, and abandonment 14. The social vulnerability experienced by women 
may also be associated with a degree of emotional vulnerability involving feelings of abandonment, 
violence, and disempowerment which fails to ensure the conditions for adequate prenatal care and 
access to medicines 15. Unplanned pregnancy is associated with smoking during pregnancy, using less 
folic acid, late initiation of prenatal care, and interruption of pregnancy 16.

Epidemiological studies on preterm birth routinely use hierarchical logistic regression models 
to identify risk factors for preterm birth that consider conceptual models to represent the relations 
between one variable and others in a causal model 17,18.

In such models, the variables are included simultaneously in the model and can have their effects 
overestimated or underestimated. When excluded, they may carry with them part of the information 
that makes the connection between the variables. Although hierarchical regression considers impor-
tant elements such as temporal ordering and the logic of the relations between the variables, such 
models fail to adequately address the relations with confounding and mediating variables 19.

Structural equation models (SEM) are more appropriate, since they allow multiple simultaneous 
equations to incorporate confounding and mediation, besides incorporating latent variables for rep-
resenting more complex measures that are not measurable with a single variable and that are created 
on the basis of covariance between observed variables. SEM minimize the effect of residual confound-
ing in associations, especially in observational studies 20,21.

This study proposes to analyze the relations between variables and the outcome preterm birth via 
SEM, using a model tested with logistic regression and hierarchical selection of variables. We used 
data from a study in Londrina, Paraná State, Brazil, in 2009, headed by Silva et al. 2. A model was 
redefined (Figure 1) based on the original study’s theoretical and conceptual framework, and which 
incorporated latent variables. SEM also allowed including variables with a mediating effect on the 
exposure and outcome variables.
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Figure 1 

Theoretical and conceptual framework for factors associated with preterm birth.

Methods

The data are from a population-based case-control observational study of hospital births in Londrina 
(June 2006-March 2007) in which cases were defined as preterm births (< 37 gestational weeks) and 
controls were non-preterm births (≥ 37 weeks). The original study by Silva et al. 2 used all the variables 
in categorical form. In the current study, we opted to use the variables in continuous form in order 
to minimize the fact that categorical variables fail to display approximately normal distribution and 
may entail problems of asymmetry that affect the standard errors, estimates of residual variance, and 
the chi-square statistic used in the fit indices in SEM. The records with complete continuous variables 
totaled 296 cases and 329 controls, representing 90% and 89% of the original database, respectively.

In order to detect possible biases due to the difference in the number of records in the original 
database, the test of independence was used, based on Pearson’s chi-square 22, which showed that the 
distributions of the variables in the two databases are statistically similar, indicating absence of bias 
in selection of the events.

The theoretical framework proposed by Silva et al. 2 was organized in blocks, which were tran-
scribed in the current study to represent possible constructs (Figure 1). Block 1 in the original model 
is represented by maternal and family socioeconomic characteristics. Block 2 was separated into pre-
gestational characteristics and maternal reproductive history. Block 3 was separated into psychosocial 
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conditions, maternal habits including physical activity and work, and prenatal care. Block 4 included 
maternal complications during the index pregnancy and block 5 covered fetal characteristics.

Based on this model, the following steps were adopted in the modeling:
(1) Measurement model: verification of the factors’ composition via confirmatory factor analysis 
(CFA). Creation of latent variables: based on the constructs elaborated and suggested by the blocks 
of variables and the literature that defined the theoretical model, via CFA, considering the number of 
factors with eigenvalues greater than 1 23.
(2) Structural model: relates latent variables, observed in the outcome preterm birth, drawing on 
models in which this outcome is binary. Direct and indirect effects on the outcome were obtained. 
Modification indices were used to identify relations not considered previously and improve  
the model’s fit 24.
The weighted least square mean and variance adjusted estimator (WLSMV) was used with geomin 
rotation 25. Having obtained the final model and tested the model’s fits, it was re-estimated by robust 
maximum likelihood (MLR) in order to obtain odds ratio (OR) estimates. The fit indices used for the 
model were the Tucker-Lewis index (TLI; reference for good fit: TLI > 0.95), comparative fit index 
(CFI; reference: > 0.95), root mean square error of approximation (RMSEA; reference: < 0.05), and 
weighted root mean square residual (WRMR; reference: < 0.90). Significance was set at 5%. The analy-
ses used the MPlus software package (https://www.statmodel.com/) and the graphs used CmapTools 
(https://cmap.ihmc.us/).

Maternal and family socioeconomic characteristics

These characteristics included the following variables: maternal age in years (< 19; 20 to 34; ≥ 35), per 
capita family income in minimum wage, number of household residents per room, mother’s school-
ing in years, head-of-household’s schooling in years, head-of-household’s occupation (skilled; semi-
skilled/manual; housekeeper; student/retired; unemployed), head-of-household’s type of employ-
ment (formal; informal; not recorded), household location (non-slum; slum), type of family (nuclear 
– consisting of husband, wife, and children; only mother and children; non-nuclear; other family 
arrangements), mother living with husband/partner for less than two years (yes; no), person respon-
sible for supporting household (mother; father; other), presence of elderly over 60 years of age (yes; 
no), mother’s race/color (white/Asian/indigenous; black/brown), type of housing construction (fin-
ished; unfinished), maternal migration (yes; no), number of children under 10 years of age (yes; no), 
and head-of-household’s age.

Psychosocial aspects

The gestational conditions covered psychosocial questions at the beginning and during pregnancy: 
attempted abortion (yes; no), planned pregnancy (yes; no), reactions to the pregnancy by the mother, 
father, and family and worries during the pregnancy (negative; positive), arguments/fights with the 
husband/partner (yes; no), separation (yes; no), and worries during the pregnancy (yes; no).

Maternal complications during the index pregnancy

Complications were: vaginal bleeding, hypertension, eclampsia, altered amniotic fluid volume, hospi-
talization during the pregnancy, anemia, diabetes, genital tract infection, vaginal discharge, placenta 
previa, and urinary tract infection (yes; no).

Maternal reproductive history

The variables used to measure maternal reproductive characteristics were parity, previous cesareans, 
previous preterm infant, previous low birth weight infant, maternal age, and assisted reproduction in 
this pregnancy (yes; no).
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Work and physical activity

The variables used to measure activities were whether the mother worked during the pregnancy, 
whether the work required physical effort, and strenuous housework.

Prenatal care

Inadequacy of prenatal care involved the following observed variables: first consultation (1st trimes-
ter), number of consultations (minimum of 3), laboratory tests (urine, blood, ultrasound), procedures, 
and basic prenatal orientation. The categories were: adequate prenatal care (all items positive); inad-
equate level I (one or more negative answers); inadequate level II (three or more negative answers); 
or no prenatal care. The modeling considered two indicative variables to represent inadequacy of 
prenatal care: inadequacy of prenatal care I: if the prenatal care was inadequate (scored 1) and if 
adequate (scored 0); and inadequacy of prenatal care II: if the prenatal care was inadequate type II, 
which included mothers who had no prenatal care at all (scored 1) and if inadequate type I or adequate 
(scored 0).

Other variables

In order to cover all the variables selected by the original study 2, the following were included 
as observed variables: body mass index (BMI), physical activity, alcohol consumption, and  
multiple pregnancy.

Ethical aspects

The study complied with the ethical principles in Resolution n. 196/1996 of the Brazilian National 
Health Council, which regulates research involving human subjects, and was approved by the Insti-
tutional Review Board of the Public Health Faculty/São Paulo University (protocol n. 404211/2013).

Results

Durante the modeling, changes were made to the initial model. Based on the blocks Mater-
nal and Family Socioeconomic Characteristics and Psychosocial Aspects, the following latent variables  
were generated.

Maternal and family socioeconomic characteristics

Two factors were selected whose percentage of explained variance totaled 71.5%, with adequate fits 
in the model (RMSEA = 0.053; CFI = 0.988; TLI = 0.977) (Table 1). Variables whose correlation with 
the factors was less than 0.30 were excluded: mother’s race/color, type of finishing on the housing, 
maternal migration, number of children under 10 years in the household, maternal age, head-of-
household’s age, and head-of-household’s type of occupation. The two factors mentioned above rep-
resented socioeconomic vulnerability (SEV) and family vulnerability (FV), respectively. Based on the 
way the variables were categorized, higher scores for the latent variable SEV corresponded to lower 
maternal and head-of-household’s schooling and higher rates of slum residence, since per capita fam-
ily income has a negative sign, indicating that lower-income households have greater vulnerability. 
Meanwhile, higher scores for family vulnerability correspond to recent relations with the husband/
partner, non-nuclear families, and presence of elderly in the household.
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Psychosocial aspects

This latent variable aims to measure maternal psychological conditions affected by moments of worry 
and stress during pregnancy (Table 2). The variables attempted abortion, fights with husband/part-
ners, separation, and worries during pregnancy were excluded due to low correlation (< 0.30) with 
the other variables. The selected variables were: planned pregnancy (yes; no) and reactions to the 
pregnancy by the mother, father, and family. A single factor was considered whose explained variance 
totaled 75.3%, with good fit indices (RMSEA = 0.056; CFI = 0.991; TLI = 0.972).

Based on the variables’ categorization, higher scores on the unwanted pregnancy (UP) latent vari-
able correspond to negative reactions to the pregnancy by the mother, father, and family. This factor 
also indicates emotional vulnerability, as measured by the level of support received by the mother 
after becoming pregnant.

Maternal reproductive history

This block was represented by the combination of parity, previous low birth weight infant, previous 
preterm infant, and maternal age associated with the outcome gradually with its OR and represents 
the interaction with these variables. (Table 3).

Maternal complications in the index pregnancy

In the original study’s logistic regression model, the block related to maternal complications in the 
pregnancy showed an important fit in the multiple regression 2, suggesting that more than one of 
these conditions could be present, and that some of them may have led to the mother’s hospitaliza-
tion during pregnancy. Thus, the variable to represent was the number of complications (0; 1 or more) 
(Table 3). Hospitalization also increased as the number of complications increased: 40% of the moth-
ers with at least one complication had been hospitalized.

Work and physical activity: physical effort

Physical effort consisted of the following variables: whether the mother had worked during preg-
nancy, if the work required physical effort, and whether she had done strenuous housework (Table 3).

Table 1

Result of factor analysis with socioeconomic characteristics. Londrina, Paraná State, Brazil, 2009. 

Variables Factor 1 Factor 2

Low head-of-household’s schooling (≤ 8 years) 0.987 -0.019

Low maternal schooling (≤ 8 years) 0.795 -0.022

Per capita income (minimum wage) -0.790 -0.088

Number of persons per room 0.735 0.056

Type of dwelling (slum) 0.648 0.011

Non-nuclear family 0.158 0.930

Household headed by the mother -0.069 0.812

Presence of elderly 0.005 0.792

Mother lives with husband/partner less than 2 years -0.103 0.692
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Table 2

Rotated factor loads (geomin method) – unwanted pregnancy. Londrina, Paraná State, Brazil, 2009.

Variables Factor 1

Planned pregnancy 0.911

Mother’s negative reaction or worries with the pregnancy 0.969

Father’s negative reaction or worries with the pregnancy 0.774

Family’s negative reaction or worries with the pregnancy 0628

Table 3

Distribution of cases and controls according to selected variables. Londrina, Paraná State, Brazil, 2009.

Variables Cases Controls Total

n % n % n %

Maternal reproductive history

a) One or more pregnancies, no previous premature birth, and age 20 to 34 years 86 29.1 129 39.2 215 34.4

b) Nulliparous, age 13 to 19 years 35 11.8 44 13.4 79 12.6

c) One or more pregnancies, no previous premature birth, and age 35 years or older 22 7.4 38 11.6 60 9.6

d) Nulliparous, age 20 to 34 years 76 25.7 83 25.2 159 25.4

e) One or more pregnancies, no previous premature birth, no previous low birth weight,  
age 13 to 19 years

11 3.7 10 3.0 21 3.4

f) Nulliparous, age 35 years or older 9 3.0 2 0.6 11 1.8

g) One or more pregnancies, previous premature birth, previous low birth weight 57 19.3 23 7.0 80 12.8

Mother’s behavioral activities: physical effort

a) Mother does not work away from home, no strenuous housework 77 26.0 77 23.4 154 24.6

b) Mother does not work away from home, does strenuous housework 55 18.6 57 17.3 112 17.9

c) Mother works away from home without physical effort, no strenuous housework 94 31.8 92 28.0 186 29.8

d) Mother works away from home with physical effort, no strenuous housework 15 5.1 22 6.7 37 5.9

e) Mother works away from home without physical effort, does strenuous housework 28 9.5 47 14.3 75 12.0

f) Mother works away from home with physical effort, does strenuous housework 27 9.1 34 10.3 61 9.8

Final model

The complete model was developed on the basis of latent and observed variables (Table 4).
Table 4 presents the standardized coefficients and OR for the structural model’s relations. The 

model’s fit was satisfactory (CFI = 0.962; TLI = 0.952; WRMR = 1.005; RMSEA (95%CI) = 0.032 
(0.026-0.039)).

The graphic representation of the final model (Figure 2) shows the standardized estimates. For 
some relations, the standardized estimates and OR are presented. For some variables, both values 
indicate the effects of inadequate prenatal care I and II.

The strongest direct effects on preterm birth were: complications (0.584), followed by inadequate 
prenatal care level II (0.555) and inadequate prenatal care level I (0.226), multiple pregnancy (0.214), 
reproductive history (0.091), BMI (0.146), alcohol consumption (0.114), walks (-0.133), and physical 
effort (-0.034). In addition to a direct effect (0.214), multiple pregnancy also showed an indirect effect 
on the outcome, via complications (0.224). When considering the total effect of multiple pregnancy 
(direct effect and via complications), the effect was stronger (0.382).

BMI during pregnancy also showed an indirect effect via complications (0.099), and its total effect 
on prematurity was 0.205. Besides a direct effect, alcohol consumption also showed an indirect effect 
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Table 4

Models’ estimated parameters for preterm birth. Results with weighted least square mean and variance adjusted estimator (WLSMV) and robust 
maximum likelihood (MLR). Londrina, Paraná State, Brazil, 2009. 

Variables and factors’ indicators WLSMV MLR

Standardized 
estimate

Estimate SE p-value Estimate SE p-value OR

Measurement model

SEV

Persons per room 0.652 1.000 0.000 - 1.000 0.000 - -

Per capita income -0.877 -2.483 0.134 0.000 -2.412 0.170 0.000 -

Mother’s schooling 0.841 4.798 0.476 0.000 7.274 0.843 0.000 -

Father’s schooling 0.741 3.403 0.286 0.000 5.872 0.744 0.000 -

Type of dwelling 0.661 2.716 0.427 0.000 5.875 0.924 0.000 -

FV

Living with husband/partner less than 2 years 0.669 1.000 0.000 - 1.000 0.000 - -

Non-nuclear family 0.994 9.722 30.591 0.751 2.877 1.204 0.017 -

Presence of elderly 0.768 1.332 0.256 0.000 1.812 0.414 0.000 -

Relationship mother/guardian 0.776 1.367 0.218 0.000 1.503 0.245 0.000 -

UP

Mother’s reaction when learned of pregnancy 0.785 1.000 0.000 - 1.000 0.000 - -

Father’s reaction when learned of pregnancy 0.825 1.150 0.302 0.000 1.239 0.278 0.000 -

Family’s reaction when learned of pregnancy 0.825 1.150 0.272 0.000 1.003 0.253 0.000 -

Structural model

UP =

FV 0.365 0.515 0.129 0.000 0.561 0.133 0.000 -

SEV 0.267 1.043 0.241 0.000 2.225 0.524 0.000 -

Mother’s reproductive history 0.025 0.016 0.032 0.616 0.055 0.058 0.343 -

Alcohol consumption in pregnancy 0.166 0.983 0.368 0.007 1.265 0.590 0.032 -

Complications =

Mother’s reproductive history l 0.039 0.021 0.028 0.454 0.052 0.042 0.215 1.053

Physical effort 0.067 0.044 0.034 0.203 0.046 0.053 0.380 1.047

Walks -0.020 -0.047 0.133 0.726 -0.267 0.199 0.179 0.765

BMI 0.099 0.155 0.076 0.041 0.295 0.127 0.021 1.343

Alcohol consumption in pregnancy 0.041 0.198 0.222 0.372 0.439 0.411 0.285 1.552

Multiple pregnancy 0.224 0.972 0.228 0.000 1.621 0.392 0.000 5.057

Worries 0.107 0.253 0.117 0.031 0.426 0.191 0.026 1.531

Inadequate prenatal care I =

SEV 0.091 0.323 0.219 0.140 0.713 0.384 0.063 2.041

FV 0.088 0.112 0.099 0.256 0.163 0.116 0.160 1.177

UP 0.347 0.314 0.094 0.001 0.199 0.093 0.032 1.221

Mother’s reproductive history 0.149 0.086 0.030 0.005 0.100 0.046 0.028 1.106

Physical effort -0.092 -0.066 0.038 0.082 -0.050 0.060 0.399 0.951

(continues)

via UP and inadequate prenatal care, and its total effect was 0.126. Experiencing worries during preg-
nancy only showed an indirect effect (0.107) on prematurity via complications.

The latent variables UP and SEV showed direct effects on inadequate prenatal care. The latent 
variables showed indirect effects on preterm birth as follows: UP (0.228), SEV (0.139), and FV (0.123).
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Table 4 (continued)

Variables and factors’ indicators WLSMV MLR

Standardized 
estimate

Estimate SE p-value Estimate SE p-value OR

Structural model

Inadequate prenatal care II =

SEV 0.096 0.367 0.395 0.353 1.258 0.878 0.152 3.519

FV -0.006 -0.008 0.175 0.963 0.105 0.200 0.601 1.110

UP 0.467 0.457 0.169 0.007 0.326 0.174 0.061 1.385

Mother’s reproductive history 0.188 0.118 0.046 0.001 0.127 0.083 0.127 1.158

Physical effort -0.159 -0.124 0.059 0.034 -0.154 0.130 0.237 0.857

Gestational age =

SEV -0.083 -0.551 0.611 0.367 0.007 0.383 0.986 1.007

FV 0.073 0.175 0.233 0.452 0.022 0.102 0.827 1.023

UP -0.420 -0.714 0.462 0.122 -0.045 0.076 0.556 0.956

Mother’s reproductive history 0.091 0.098 0.072 0.172 0.213 0.047 0.000 1.237

Inadequate prenatal care I 0.226 0.426 0.227 0.051 0.457 0.224 0.041 1.579

Inadequate prenatal care II 0.555 0.965 0.539 0.044 1.457 0.500 0.004 4.293

Complications 0.584 1.209 0.489 0.013 1.825 0.204 0.000 6.201

Multiple pregnancy 0.214 1.924 0.739 0.009 2.876 0.773 0.000 17.747

Physical effort -0.034 -0.046 0.090 0.612 -0.146 0.064 0.023 0.864

Worries 0.040 0.198 0.227 0.384 0.424 0.218 0.052 1.527

Walks -0.133 -0.641 0.300 0.032 -0.606 0.235 0.010 0.545

BMI 0.146 0.473 0.188 0.012 0.449 0.157 0.004 1.567

Alcohol consumption in pregnancy 0.114 1.147 0.555 0.039 1.131 0.393 0.004 3.099

Correlations

FV with mother’s reproductive history 0.065 0.116 0.096 0.225 0.226 0.148 0.127 -

SEV with mother’s reproductive history 0.170 0.109 0.022 0.000 0.100 0.030 0.001 -

SEV with physical effort -0.181 -0.093 0.022 0.000 -0.096 0.021 0.000 -

SEV with FV 0.175 0.051 0.016 0.001 0.079 0.027 0.003 -

SEV with BMI 0.147 0.032 0.009 0.001 0.025 0.010 0.014 -

SEV with walks -0.228 -0.033 0.015 0.033 -0.033 0.007 0.000 -

BMI with walks -0.043 -0.013 0.013 0.345 -0.011 0.011 0.024 -

Intercepts

Persons per room 1.456 0.724 0.154 0.000 0.852 0.020 0.000 -

Per capita income 0.093 0.085 0.217 0.693 0.037 0.037 0.931 -

BMI: body mass index; FV: family vulnerability; OR: odds ratio; SE: standard error; SEV: socioeconomic vulnerability; UP: unwanted pregnancy.

Discussion

Prenatal care in the current model showed a direct effect with a positive sign on preterm birth, cor-
roborating other studies 5,6. In prenatal care, both the pregnant woman and her unborn child benefit 
from preventive follow-up, orientation, clarifications, and diagnosis of any altered health condition 
in the mother or fetus 26. The effects of SEV, FV, reproductive history, and UP on prematurity occur 
indirectly through inadequate prenatal care, thus indicating the role of this variable’s mediation on 
prematurity. Prenatal care plays an important role in negative pregnancy outcomes and reflects the 
mother’s social, economic, and psychological conditions. According to a comprehensive analysis of 
quality indicators for prenatal care in Brazil, 15% of pregnant women receive adequate prenatal care 
and 60% receive all the recommended orientation and complementary tests 15. Their living condi-
tions and emotional and affective vulnerabilities can influence their knowledge on health during  
pregnancy 8,13,27,28. Inadequate prenatal care was observed in young women with multiple previous 
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Figure 2 

Resulting model for preterm birth.

BMI: body mass index; FV: family vulnerability; SEV: socioeconomic vulnerability; UP: unwanted pregnancy.

pregnancies, without husbands or partners, without paid employment, with little schooling, and with 
low socioeconomic status 29. Based on our results, the relationship between these factors suggests the 
influence of factors of socioeconomic, family, and psychological vulnerability and maternal condi-
tions on the adequacy of prenatal care.

Gestational complications, namely bleeding, high blood pressure, eclampsia, altered amniotic 
fluid volume, genital tract infection, and diabetes have a direct effect on preterm birth 1. In addition 
to the direct effect, multiple pregnancy also displays an indirect effect via complications, which may 
be related to the occurrence of premature rupture of membranes or other maternal-fetal complica-
tions 1,2,5. The variable maternal reproductive history showed a direct effect on the outcome. In the 
current study, this variable consisted of maternal age and reproductive history with the number of 
pregnancies and characteristics of any previous infants (low birth weight and prematurity), namely 
described factors 1,5,6,7.

The separation of socioeconomic and psychosocial factors in three factors aided the understand-
ing of the various roles in this complex dimension. As a complement to the psychosocial character-
istics, the variable worries expresses the nature of the stress experienced during pregnancy, which 
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was statistically significant in the original study. The current study did not identify a direct asso-
ciation with gestational age, but an indirect effect via complications, which points to another order 
of concerns, namely with health 1,2. SEV, as a distal latent variable, showed correlations with both 
distal and proximal variables, such as physical effort, BMI, walks, maternal reproductive history, 
and FV. SEV was related indirectly to prematurity in the current study by two paths, the first via 
inadequate prenatal care and the second via UP. The socioeconomic dimension is quite complex and 
is not limited to unmet material needs of well-being but also to the denial of opportunities in social 
relations such as access to work and healthcare 30,31. Both inadequate prenatal care and UP capture  
these vulnerabilities.

As for physical effort, the results here point to a negative association with prematurity, unlike 
other studies, including a systematic review in which either no effect was observed (in the majority of 
studies) or a moderate effect from work conditions involving physical effort was seen. The variable 
physical effort, as constructed here, can translate the mother’s life phase in relation to her full pro-
ductive activity/work, whether due to her age or household per capita income, pointing not to SEV 
(correlation with the variable SEV verified in the model). Meanwhile, Behrman & Butler 28 found that 
strenuous work can also be seen as an indicator of favorable socioeconomic circumstances, i.e., the 
capacity to have and keep a job, along with the employment benefits, while also signaling the psycho-
logical satisfaction resulting from some types of work. Thus, this result in the current study is not fully 
explained, and other approaches are needed to better understand the role of physical effort. The same 
pattern was also seen in the variable taking walks or other forms of physical activity, that is, a direct 
and negative effect on prematurity.

The BMI variable had a direct effect on gestational age at birth and an indirect effect via com-
plications, corroborating the findings by Padilha et al. 32. The current study also found a correlation 
between BMI and SEV, indicating BMI levels outside the normal range, namely < 19kg/m2 (under-
weight) and ≥ 30kg/m2 (obese) in mothers with greater SEV.

This same pattern was also seen in alcohol consumption during pregnancy, with direct and indi-
rect effects on gestational age at birth. The indirect effect was via UP and inadequate prenatal care. 
Other studies have shown an association between heavy alcohol consumption and prematurity, but 
the mechanisms were not clear 1,28,33, while still others found no association 34.

The current model also indicated a path to prematurity via UP and inadequate prenatal care, 
and no references were found that discuss these possible relations. Future studies could explore 
these paths better. Again, the role of prenatal care as a channel of care for the mother and infant  
deserves attention.

The original case-control study 2 used a theoretical framework designed in hierarchical blocks 
using a logistic regression model 35 in which blocks of variables were grouped according to some 
common characteristic. The current study was based on this model by considering the structure 
created by including non-observed (latent) variables. In principle, it is possible to create a structural 
equation model drawing on a hierarchical model, since the structure in blocks bears an important 
element of the relations between these variables and the outcome: temporality, characterized by the 
concepts “distal”, “intermediate”, and “proximal”.

However, there were difficulties in rewriting the model: the blocks combine variables that are not 
always correlated, so that each relationship should be reassessed for inclusion in the model.

In addition to the low correlations between the variables comprising the factors, various other 
problems may arise with the use of the structural equation model: estimation problems, non- con-
vergence, lack of identification, non-positive matrix, and estimation of negative variances are not 
uncommon 26.

For some variables, estimation problems occurred due to empty boxes (zero) in the bivariate com-
binations, such as “previous pregnancy” and “nulliparous mothers”, in which structurally there is a 
zero in this intersection, which prevents estimation of the covariance and requires using the solution 
proposed by Muthén & Muthén 36, namely to combine a new variable, that is, to create an interaction 
variable. Its relationship to the outcome was taken into account (via OR). An alternative is to use a 
perturbation in the box, i.e., the zero is replaced by a small value 37.

Estimation of the OR allows the known interpretation in epidemiology. Obtaining the OR model 
after having generated the model with WLSMV was the alternative found to perform the most  
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adequate estimation of the data 38. Muthén et al. 39 reported that WLSMV was developed with small 
and moderate samples. Beauducel & Herzberg 40 also reported more satisfactory results with WLSMV 
in variables with few categories (2 or 3, compared to 4 or more).

The study’s limitations include its observational design, which does not allow conclusions as to 
causality. The number of individuals was small given the number of relations studied, although this 
was not a problem for obtaining the models’ fits. And the study was not designed to observe the rela-
tions in the form proposed by the modeling.

From the methodological point of view, the SEM was built based on a model that had already been 
built (the original model), drawing on hierarchical regression, presenting advantages to the extent that 
it can be used as an initial model and allowed including paths that represent the relations between 
the model’s variables (between them and the outcome), besides identifying proposed mediations. The 
proposed alterations to the initial model aimed to grasp the variables involved in the original study. 
The process of building the SEM highlighted: (1) the need to reanalyze the role of the variables when 
choosing to use the SEM; (2) that complex models require studies that already consider the creation of 
latent variables in their formulation; (3) that the combination of variables to form a new variable is a 
resource in the absence of well-defined prior latent variables and that solves problems of empty boxes 
when cross-analyzing variables; and (4) that the same variables were significant using the different 
estimators (WLSMV and MLR) in the model’s structural component.

Conclusion

It was possible to use the result of the original work to develop the SEM based on the revision of 
the theoretical model, knowing the relations with the outcome and the logistic regression model. 
Application of the proposed methodology identified the presence of constructs (SEV, UP, FV), verified 
inadequacy of prenatal care as a mediator, and identified direct and indirect effects of variables on the 
outcome preterm birth.
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Resumo

O estudo propôs a aplicação da modelagem com 
equações estruturais (MEE) para estudar variá-
veis associadas ao nascimento pré-termo com ba-
se em um modelo teórico analisado previamente 
pela regressão logística hierarquizada. Os dados 
foram provenientes da pesquisa observacional do 
tipo caso-controle populacional sobre nascidos vi-
vos hospitalares de mães residentes em Londrina, 
Paraná, Brasil (junho de 2006 a março de 2007). 
Para a MEE foi considerada a associação de ca-
racterísticas socioeconômicas e aspectos psicosso-
ciais sobre história reprodutiva, trabalho e ativi-
dade física, intercorrências durante a gestação e 
características fetais. Considerou-se, ainda, a rela-
ção dessas associações sobre o desfecho nascimento 
pré-termo mediado pela adequação da assistência 
pré-natal. Foram utilizados estimadores de míni-
mos quadrados ajustados pela média e variância 
(WLSMV), para dados categóricos, e a máxima 
verossimilhança robusta (MLR), para obter razões 
de chances. Foram criadas três variáveis latentes: 
vulnerabilidade socioeconômica, vulnerabilidade 
familiar e não aceitação da gravidez. O efeito da 
vulnerabilidade socioeconômica, da família e da 
não aceitação da gravidez sobre a prematuridade 
ocorreu de modo indireto por meio da inadequação 
da assistência pré-natal. A metodologia proposta 
possibilitou utilizar construtos, verificar o papel de 
mediação da inadequação da assistência pré-natal 
e identificar efeitos diretos e indiretos das variá-
veis sobre o desfecho nascimento pré-termo.

Modelos Estatísticos; Modelos Logísticos; Fatores 
de Risco; Nascimento Prematuro

Resumen

Este estudio propuso la aplicación de modelos de 
ecuaciones estructurales (SEM) para investigar las 
variables asociadas con el parto prematuro basán-
dose en un modelo teórico previamente analizado 
mediante regresión logística jerárquica. Los datos 
provienen de un estudio observacional de casos y 
controles de base poblacional de nacidos vivos en 
hospitales de madres que residen en Londrina, es-
tado de Paraná, Brasil (junio de 2006 a marzo de 
2007). Para el SEM, el estudio consideró la asocia-
ción entre las características socioeconómicas y los 
aspectos psicosociales relacionados con el historial 
reproductivo, el trabajo y la actividad física, las 
complicaciones durante el embarazo y las carac-
terísticas fetales. También consideró la relación 
entre estas asociaciones y el parto prematuro me-
diado por la adecuación de la atención prenatal. 
Se utilizó el estimador de los mínimos cuadrados 
ponderados ajustados por la media y variancia 
(WLSMV) para datos categóricos y la probabilidad 
máxima robusta (MLR) para los odds ratios. Se 
crearon tres variables latentes: vulnerabilidad so-
cioeconómica, vulnerabilidad familiar y embarazo 
no deseado. El efecto de la vulnerabilidad socioe-
conómica y familiar y el embarazo no deseado en 
la prematuridad ocurrió indirectamente por la in-
suficiencia de la atención prenatal. La metodolo-
gía propuesta permitió usar constructos, verificar 
el papel de la mediación por la insuficiencia de la 
atención prenatal e identificar los efectos directos e 
indirectos de las variables sobre el resultado “parto 
prematuro”.
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de Riesgo; Nacimiento Prematuro
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