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Abstract

Preterm birth continues to be one of the main
causes of neonatal morbidity and mortality.
The objective of the present study was to iden-
tify risk factors for preterm birth in Sdo Ludis,
Maranhdo, Brazil. The sample consisted of
hospital births at 10 public and private hospi-
tals from March 1, 1997 to February 28, 1998.
A total of 2,443 live births were randomly se-
lected, excluding multiple deliveries and still-
births. Preterm birth rate in Sdo Luis was
12.7%. Risk factors for preterm delivery were
maternal age below 18 years, family income
equal to or less than one minimum wage/
month,primiparity, vaginal delivery at a pub-
lic hospital, single mothers (or living without
a partner), and absence of prenatal care. The
following factors remained associated with
preterm birth after multivariate analysis to
control for confounding: maternal age below
18 years (OR = 1.9), primiparity (OR = 1.5),
and failure to appear for scheduled prenatal
care visits (OR = 1.5).
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Introduction

Despite technological advances in the care of
preterm newborns in recent decades, prema-
turity is still one of the main causes of neonatal
morbidity and mortality, which result from
complications inherent to prematurity itself
such as hyaline membrane disease, intracra-
nial hemorrhage, necrotizing enterocolitis, and
retinopathy of prematurity 1. In addition, pre-
maturity presents certain somatic, neurologi-
cal, and psychological disadvantages through-
out life, placing an increased burden on society
as a whole 23.

Preterm birth rate has shown variation over
time, and no country except France has report-
ed a decline in preterm births 4. In the United
States, an increase in preterm birth rate from
9.4% in 1980 to 11.4% in 1997 has been reported
5. In Brazil, few population studies on preterm
deliveries are available, mainly due to difficul-
ties in obtaining information on gestational age.
Nevertheless, two Brazilian population studies
also reported an increase in preterm birth rate:
in Pelotas, Rio Grande do Sul, the rate increased
from 5.6% in 1982 to 7.5% in 1993 6, and in
Ribeirao Preto, Sdo Paulo, the rate increased
from 7.6 to 13.6%, from 1978-79 to 1994 7.8.

The main causes of preterm delivery are
spontaneous premature labor, premature rup-
ture of membranes, and therapeutic induction
oflabor (indicated on the basis of fetal or ma-
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ternal complications) 9. Recent studies have al-
so suggested genital tract infections, stress, anx-
iety, and depression as determinants of preterm
birth 5. An association between the indiscrimi-
nate use of cesarean sections and increased
preterm birth rate has also been observed in
Ribeirdao Preto 7. However, in most cases the
etiology of preterm birth is unknown. Several
other variables have been associated with this
condition, such as unfavorable socioeconomic
status (which can be assessed from family in-
come, educational level, social class, or occu-
pation); black race/skin color; maternal age
below 16 and above 35 years; smoking during
pregnancy; maternal activity requiring long pe-
riods of time in the standing position or sub-
stantial physical stress; acute or chronic mater-
nal disease such as renal disease, urinary tract
infection, heart disease, lung disease, hyper-
tension, and anemia; a history of preterm de-
livery or low birth weight children; obstetric
factors such as uterine malformations, uterine
trauma, placenta previa, abruptio placentae;
fetal disorders such as fetal erythroblastosis,
fetal distress, or intrauterine growth retarda-
tion (which might require preterm delivery);
and inadvertently performed early delivery 1.10.
The objective of the present study was to
determine the preterm birth rate and its risk
factors in one of the poorest capitals of Brazil -
Sao Luis, Maranhao - in an attempt to reduce
the gap in epidemiological data regarding this
problem in Northeast Brazil. Knowledge of risk
factors for preterm birth is important for plan-
ning health policies aimed at its prevention,
taking local circumstances into account.

Material and methods

Data obtained from the database of the re-
search project Perinatal Health and Mother-
Child Health Care in the Municipality of Sao
Luis conducted by the Departments of Public
Health, Nursing, and Medicine III, Federal Uni-
versity of Maranhao, were analyzed in the pre-
sent study. The sample consisted of hospital
deliveries at 10 public and private hospitals in
Sdo Luis from March 1, 1997 to February 28,
1998. Hospital births comprised some 96.3% of
all births in Sdo Luis in 1996, thus guaranteeing
a representative sample. Maternity hospitals
with less than 100 deliveries in 1996 were ex-
cluded (corresponding to 2.2% of all deliveries
in the city of Sdo Luis during the study period).

The sample size was calculated based on
the number of hospital births that occurred in
Sao Luis during 1996 (the year preceding the
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survey), or 20,092. The minimum sample size
was calculated as 1,914 births. This considered
a 5% probability of type I error and 80% statis-
tical power, working with a 10% exposure
among controls, capable of detecting an odds
ratio of 1.50 as significant. The sample was strat-
ified by maternity hospital, with the share be-
ing proportional to the number of deliveries at
each unit. Systematic sampling was performed
at each maternity hospital based on the birth
list by order of occurrence, with a sampling in-
terval of seven. A total of 2,443 live births were
selected randomly, excluding multiple births
and stillbirths.

All mothers received detailed information
on the study’s objectives, and informed consent
was obtained before the interview. Interviews
were performed during hospitalization or at
home in the case of early discharge, which led
to some losses. Other losses occurred due to pa-
tient refusal, with total losses corresponding to
5.8%. Newborns were weighed on an electronic
scale or on an infant scale periodically calibrat-
ed by the research team, and anthropometric
measurements were obtained with an Appro-
priate Health Resources and Technology Action
Group (AHRTAG) wooden anthropometer 11.

Gestational age was calculated based on
the day of the last normal menstrual period
(LNMP) reported by the mother. Since calcula-
tion of gestational age based on clinical exami-
nation of the newborn was not available for a
large portion of the sample, and ultrasound is
only performed in a minority of patients, LN-
MP was the only method available for calculat-
ing gestational age. When the mother only re-
called the month, day 15 was adopted as the
LNMP. Date of LNMP was not reported by 98
women (4.0%). Birth weights incompatible with
the reported LNMP that were above the 99th
percentile of the English curve were reclassi-
fied as unknown (50 cases). The same proce-
dure was applied to cases with an implausible
gestational age (less than 20 or more than 50
weeks, totaling 22 cases). All 170 cases, corre-
sponding to 7.0%, with LNMP date missing or
reclassified as unknown were imputed in alin-
ear regression model 12,13, Birth weight, parity,
gender of the neonate, and family income were
used to impute gestational age 14. Missing in-
formation on gestational age was associated
with lower maternal schooling (p < 0.01). Seven
cases were imputed as preterm, and the remain-
ing (163) as term birth. Newborns with a gesta-
tional age of less than 37 weeks were classified
as preterm.

The following variables were studied: birth
weight (< 2,500g — low birth weight and 3 2,500g —



non-low birth weight), birth-weight-for-gesta-
tional-age patterns (small-for-gestational-age —
SGA, birth weight below the 10th percentile;
appropriate-for-gestational-age - AGA, weight
between the 10th and 90th percentile; large-
for-gestational-age — LGA, above the 90th per-
centile of the reference curve) 15, smoking dur-
ing pregnancy (yes or no irrespective of the
number of cigarettes smoked per day), mater-
nal age (less than 18, 18 to 19, 20 to 24, 25 years
or more), marital status (married, cohabiting,
without a partner), mother’s educational level (0
to 4 years, 5 years or more), family income (ex-
pressed as times the monthly minimum wage:
upto1,1to3,>3), parity (1, 2 to 4, 5 or more
deliveries), category of the hospital where the
patient gave birth (public or private), type of
delivery (vaginal or cesarean), presence or ab-
sence of low birth weight children from a pre-
vious pregnancy, prenatal care (yes — one or
more visits, or no —no visit), and occupation of
the head of the family (non-manual, semi-
skilled, unskilled, and unknown).

Data were analyzed using the Stata version
6.0 statistical package. The chi-square test was
used to compare proportions, with the level of
significance set at 0.05. Odds ratios with respec-
tive 95% confidence intervals were calculated
to determine the effect of each variable on
preterm birth. P-values between 0.10 and 0.05
were considered marginally significant. For
multivariate analysis, a stepwise logistic multi-
ple regression model with backward elimina-
tion was used to control for confounding fac-
tors. Variables presenting a p value below 0.20
on univariate analysis entered the analysis, and
those with p < 0.10 remained in the model.

Results

A total of 2,443 singletons born to mothers liv-
ing in Sao Luis were studied. Preterm birth rate
was 13.1% before correction and 12.4% after
imputation. Among the socioeconomic vari-
ables studied, only family income showed an
association with preterm birth (p = 0.04), with
the incidence of preterm births being higher in
families with a family income of less than one
minimum wage (15.5%). Maternal schooling,
occupation of the head of the family, and ma-
ternal work were not associated with preterm
birth.

Single mothers or those without a partner
(p = 0.078), those who did not attend prenatal
care (p = 0.057), and those giving birth at a pub-
lic hospital (p = 0.079) showed a higher inci-
dence of preterm deliveries, but the signifi-
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cance was marginal. Cesarean section conferred
a marginal protection against preterm birth (p =
0.050). Prevalence of preterm newborns was
higher for mothers under 18 years (22.5%) and
primiparae (15.6%). Maternal smoking during
pregnancy was not associated with preterm
births in the present study (Table 1).

After adjustment for confounding factors,
age less than 18 years (p < 0.001), primiparity
(p =0.005), and failure to attend scheduled pre-
natal care visits (p = 0.043) remained as risk fac-
tors for preterm birth (Table 2). Among preterm
newborns, 29.1% were LGA. The proportion of
SGA infants was higher among term (15.2%)
than among preterm newborns (7.1%) (Table 3).

Discussion

The literature varies with respect to risk factors
for preterm birth, due to differences between
the various study populations or different
methods used for data collection and analysis.
In the present study, mothers with a family in-
come equal to or less than one minimum wage,
mothers under 18 years of age, and primiparae
showed a higher proportion of preterm chil-
dren, while mothers without a partner who
gave birth at a public hospital, who had vaginal
deliveries, and who had not attended prenatal
care presented a marginal increase in the pro-
portion of preterm infants. After controlling for
confounding factors, maternal age less than 18
years, primiparity, and absence of prenatal
care remained as risk factors for preterm birth.

Among socioeconomic factors, only lower
family income was associated with increased
risk of preterm birth. Kramer 16 has demon-
strated an association between a family’s so-
cioeconomic conditions and the risk of preterm
birth and has suggested that lower income and
less schooling are probably not directly related
to the duration of pregnancy but lead to un-
healthy behaviors and chronic exposure to
stress, with a consequent reduction of the du-
ration of pregnancy. In this study, disappear-
ance of the association between family income
and preterm birth in the adjusted model sug-
gests that the effects of low family income on
preterm birth are possibly mediated by young
maternal age and absence of prenatal care.

In the present study, most socioeconomic
factors did not show an important influence on
preterm birth. Maternal schooling, maternal
work outside the home, and occupation of the
head of the family were not associated with
preterm birth. This finding might be due to a
certain socioeconomic homogeneity in the pop-
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Table 1

Non-adjusted analysis of some risk factors for preterm birth. Sdo Luis, Maranhéo, Brazil, 1997-1998.

Variable Total n % OR 95%ClI p
Family income* 0.044
£1 401 62 15.5 1.32 0.95-1.83
1-3 843 93 11.0 0.89 0.67-1.19
>3 1,036 126 12.2 1.00 Reference
Unknown 163 28 17.2 1.50 0.96-2.34
Maternal schooling (years) 0.737
0-4 420 51 121 0.94 0.69-1.30
35 2,017 257 12.7 1.00 Reference
Unknown 6
Marital status 0.620
Married 704 74 10.5 1.00 Reference
Cohabiting 1,146 114 12.8 1.25 0.93-1.68
Without a partner 592 88 14.9 1.49 1.07-2.07
Unknown 1
Maternal work 0.852
Yes 606 78 12.9 0.97 0.74-1.28
No 1,836 231 12.6 1.00 Reference
Unknown 1
Occupation of the head 0.879
of the family
Non-manual 503 61 121 1.00 Reference
Semi-skilled 1,102 134 12.2 1.00 0.73-1.39
Unskilled 772 99 12.8 1.07 0.76-1.50
Unknown 66 10 15.2 1.29 0.63-2.67
Hospital category 0.079
Private 269 25 9.3 1.00 Reference
Public 2,174 284 13.1 1.47 0.95-2.25
Maternal age (years) < 0.001
<18 320 73 22.8 2.23 1.60-3.10
18-19 399 41 10.3 0.87 0.59-1.26
20-24 941 110 11.7 1.00 Reference
3 25 781 85 10.9 0.92 0.68-1.25
Unknown 2
Parity < 0.001
1 1,190 186 15.6 1.68 1.31-2.15
2-4 1,148 114 9.9 1.00 Reference
35 105 9 8.6 0.85 0.42-1.73
Type of delivery 0.050
Vaginal 1,619 220 13.6 1.00 Reference
Cesarean 824 89 10.8 0.77 0.59-1.00
Prenatal care 0.057
Yes 2,242 275 12.3 1.00 Reference
No 201 34 16.9 1.46 0.97-2.15
Smoking habit 0.669
Yes 145 20 13.8 1.1 0.68-1.8]
No 2,298 289 12.6 1.00 Reference
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* Expressed as times the monthly minimum wage (one monthly minimum wage = approximately U$80);
n = number of preterm newborns; OR = odds ratio; 95%Cl = 95% confidence interval.



ulation. Maranhdio is one of the poorest states
in Brazil. About half the population of Sdo Luis
has a family income equal to or less than 3 times
the monthly minimum wage, or roughly U$240/
month 17, with this category representing 51%
of the birth population studied here. No asso-
ciation between family income and preterm
birth was observed in either Pelotas 6 or Ri-
beirao Preto 7.

According to data from the State Survey on
Health, Nutrition, and Infant Mortality (PESN-
MI), the percentage of adolescent mothers in
Sado Luis was 15.2% in 1996 18. In contrast, in
the present study this rate was much higher
(29.4%), and the highest incidence of preterm
newborns (22.5%) was observed precisely in
this age group, with the adjusted risk of an ado-
lescent mother having a preterm child being
1.9 times that observed for the other age groups.
A study on risk factors for preterm birth and
low birth weight in the municipality of Sao
Paulo showed that teenage birth does not in-
fluence the occurrence of low birth weight in-
fants but leads to a 1.3-fold increase in the risk
of preterm delivery 19. A similar situation was
observed for primiparae, who presented a 1.5-
fold risk for the occurrence of premature births,
with the same value reported in France in 1995 20.

Lack of prenatal care was associated with
preterm birth in the present study, in agree-
ment with other authors 10,16, Assessment of
the quality of care for pregnant women in Sdo
Luis detected low coverage, late initiation, and
a reduced number of prenatal visits 21. Lack of
prenatal care in Northeast Brazil (26.1%) is more
common than in other regions of the country.
Mothers with less schooling have the lowest
prenatal care rates 22. However, serious doubts
exist regarding the effect of prenatal care on re-
ducing the risk of preterm birth. It is believed
that women with unfavorable socioeconomic
conditions actually attend prenatal care less
frequently 4. In the present study, most preterm
newborns were born by vaginal delivery, with
cesarean section not representing a risk factor
for preterm birth. Although the percentage of
cesarean sections performed in Sdo Luis was
well above that recommended by the World
Health Organization 23, corresponding to about
30% of all births, this value was not as high as
that reported for some cities in Southern Brazil
(up to 50%), where an association between ce-
sarean section and preterm birth has been ob-
served 7,14,

Misclassification of family income and ges-
tational age may have attenuated the associa-
tion between some variables and preterm birth.
Use of the LNMP to date gestations is prone to
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Table 2

Adjusted analysis of risk factors for preterm birth. Sado Luis, Maranhéo,
Brazil, 1997-1998.

Variable OR 95%ClI P
Maternal age (years) <0.001
<18 1.89 1.33-2.68
18-19 0.78 0.53-1.15
20-34 1.00 Reference
335 1.04 0.76-1.43
Parity 0.005
1 1.56 1.19-2.04
2-4 1.00 Reference
3 5 children 0.82 0.39-1.70
Prenatal care 0.017
Yes 1.00 Reference
No 1.63 1.09-2.40

OR = odds ratio; 95%Cl = 95% confidence interval.

Table 3

Weight for gestational age in preterm and term neonates.
Sao Luis, Maranhao, Brazil, 1997-1998.

Gestational age Preterm newborn Term newborn P
n % n % < 0.001
Small for gestational age 22 7.1 325 15.2
Appropriate for gestational age 197 63.8 1701 79.9
Large for gestational age 90 29.1 104 49

error 4. LNMP information obtained from teen-
age and low-schooling mothers may be less re-
liable, since it may be more prone to consider-
ing bleeding episodes in early gestation as nor-
mal menses and thus underestimate gestation-
al duration 24.

Thus, the higher preterm birth rate ob-
served in our population may be at least par-
tially due to an artifact. Missing data on gesta-
tional age could be another source of bias. In
fact, missing data on gestational age differed
according to maternal schooling (p < 0.001).
Consequently, association between maternal
schooling and preterm birth tended to be un-
derestimated. It was not possible to use a clini-
cal estimate of gestational age because it was
not available. To minimize the problem of miss-
ing data on gestational age, we performed an
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imputation procedure. The results were approx-
imately the same when we used a model with
preterm birth excluding missing data, thus not
considering imputation.

In the present study, a high incidence of
large-for-gestational-age infants, correspond-
ing to 29.1%, was observed among preterm
newborns. The classification of gestational age
was based on the LNMP reported by the moth-
er. Various factors might have introduced er-
rors into the determination of gestational age
by this method, such as irregularities in the
menstrual cycle, late ovulation, and vaginal
blood loss after conception, causing term new-
borns to be considered preterm 25. We did not
determine the percentage of infants born to di-
abetic mothers, another cause of LGA infants,
but we believe that this problem did not have a
great impact since gestational diabetes is not a
very frequent event. Another likely explanation

Resumo

A prematuridade continua sendo uma das principais
causas de morbidade e mortalidade neonatal. O pre-
sente estudo tem como objetivo identificar os fatores
de risco para a prematuridade em Sdo Luis, Mara-
nhdo, Brasil. Foi estudada uma amostra de partos hos-
pitalares ocorridos em dez hospitais ptiblicos e priva-
dos no periodo de 12 de margo de 1997 a 28 de fevereiro
de 1998. Foram selecionados 2.443 nascidos vivos de
forma aleatoria, sendo excluidos os nascimentos de
partos multiplos e os natimortos. A incidéncia de nas-
cimentos pré-termo em Sdo Luis foi de 12,7%. Os fa-
tores de risco para a prematuridade foram: idade ma-
terna menor de 18 anos, renda familiar menor ou
igual a um saldrio minimo, primiparidade, nascer em
hospital piiblico e de parto vaginal, viver sem com-
panheiro, e ndo ter feito pré-natal. Apos andlise multi-
varidvel para controle dos fatores de confundimento,
permaneceram associados ao nascimento prematuro:
idade materna menor de 18 anos (OR = 1,9), primi-
paridade (OR = 1,5) e o ndo comparecimento ao pré-
natal (OR = 1,5).

Fatores de Risco; Parto; Prematuro
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for the large number of large-for-gestational-
age preterm newborns, although not confirmed,
is the lack of intervention in pregnancies with
severe intrauterine growth retardation culmi-
nating in intrauterine death, thus reducing the
proportion of small-for-gestational-age preterm
infants.

We conclude that among social factors, only
low family income was associated with a high-
er risk of preterm birth. Pregnancy during ado-
lescence was a risk factor independently asso-
ciated with preterm birth in Sao Luis, and thus
all efforts should be concentrated on its pre-
vention. Campaigns encouraging compliance
with prenatal care, as well as strategies to im-
prove the quality of this care, should be imple-
mented. Primiparity represents another impor-
tant risk factor for preterm birth, which, how-
ever, cannot be modified by public policies.
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